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RESULTS OF THERAPY OF ERYTHROBLASTOSIS WITH 
EXCHANGE TRANSFUSION 

By Alexander S Wiener, M D , and Irving B Wexler M D 

I N PREVIOUS papers' = ’ ^ we described the method of treatment of eryth- 
roblastosis fetalis with exchange transfusion and presented a few illustrative 
cases m detail The purpose of the present paper is to summarize our results in the 
first i8 eases 

The rationale of the therapy of erythroblastosis by exchange trans ion can e 
briefly outlined as follows According to our concept' * ’^of the pathogenesis of the 
disease, m the typical ease the Rh-positive erythroblastotic baby is born wit its 
red cells coated with univalent Rh antibodies, derived from the mother during 
intrauterine life by transplacental filtration In some cases, it is possible ^ * 

tional Rh antibodies of the bivalent type (agglutinins) may be milked into 
the fetal circulation by the uterine contractions occurring during * 
event, the antibodies acting on the infant s red cells may cause them to emo yze 
or to clump (by agglutination or conglutination) In cases in which o y emo ysis 
occurs, a hemolytic anemia results which responds to simple trans ° 

negativeblood Ifintravascular clumping takes place, on the other an ,t e circ 

tion to vital organs may become compromised producing the picture ® 
gravis, often terminating with the death of the infant with the postmorreni " * S 
of nuclear jaundice and hepatic necrosis Obviously, such cases wi not ^ ^ 

by simple transfusion since such therapy cannot reverse the ° 

clumping Luckily, intravascular clumping, when it occurs, pro a ^ ^ ^ , 

to greatest extent after birth, because »» xfffrv the congluunin cont«t o t ^ ^ 
plasma IS low * « lo believe that with the birth of the infant, t e cong 
content may rise to a concentrauon sufficient to cause clumping o 

The clumping, at first, may be thought of as reversible, the re ce * ^ K-iBlr 

they were stmky ( sludged blood, Knisely"), but in untreated cases, it 
that the clumping eventually becomes firm, blocking the cir ation ’ i, 
the early stages of the disease the infant s blood is drained o an the 

replaced with type rh blood of a compatible blood group, it is i c ) 
disease will become aborted, because type rh blood cells cannot e c umpc 
Rh antibodies in the baby s body 

From the Blood Tr»njftision Division and the Department of Pedutnes of °( 

BrooUyn N Y and from the Serological Laboratoty of the Office of the Chief Medical E«m 
Nttv York City 
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Obviously, in doing exchange transfusions the process of bleeding and infusion 
roust be carried out simultaneously Thus, the operation becomes progressively less 
efficient, because as it proceeds, more and more of the donor s blood, and less and 
less of the infant s blood is withdrawn, so that a complete replacement of blood is 
theoretically impossible For practical reasons, it was first decided to limit the 
exchange to 500 cc of blood, or about twice the infant s blood volume, and thus 
effectuate an 87 per cent replacement * - It was subsequently found that while this 
was adequate in the great majority of cases, in more severe cases the remaming 13 
per cent of the infant s coated red cells apparently clumped instead of lysing and 
thus nullified the beneficial effects of the procedure More recently, the^orc, we 
have modified the procedure, particularly in cases with high antibody titers, bj 
using 1,000 cc of blood and thus effectuating a 98 per cent replacement ’ In addition, 
as our experience has increased, other, less vital, changes have been introduced, 
calculated to simplify and expedite the operation In the present paper, with but a 
single exception (case rob), only those cases are presented in wffich 500 cc of 
blood were used for the exchange transfusion In a later paper it is intended to 
present a second senes of cases, for comparison, in which 1,000 cc exchange 
transfusions were performed 

Antenatal Manaqbmbnt of Cases 

All pregnant women should be screened to determine if they arc Rh positive or 
Rh negative Grouping and Rh-Hr typing arc done on the husband and all living 
children of those pregnant women found to be Rh negative, and informauon ob- 
tained as to whether the husband, if Rh posiave, is homozygous or heterozygous ' 

In certain instances, the husband s parents must be tested to obtam this important 

information Since, when the maternal scrum contains univalent Rh antibodies, the 
seventy of the disease usually bears a direct relationship to the titer, ^ “ the 

maternal scrum is tested at intervals throughout the pregnancy for the presence 
and titer of antibodies by the saline agglutination and albumin-plasma congluti- 
nation tcchmcs 

On the basis of information obtamed from these studies, decisions can be made 
regarding the time of delivery of the infant and the treatment to be instituted after 
birth Women who show no sensitization will, of course, be permitted to go to 
term because their infants will not be crythroblastotic Mildly sensitized* women 
arc delivered at term and the infant is treated expectantly and watched for the de 
vclopment of anemia, jaundice, or other signs of erythroblastosis In those cases 
where moderate sensitization has developed, the infant is delivered about two 
weeks before term and treated with immediate exchange transfusion, using 500 cc 

* Since the sutnc sen m tbc hands of diffcrcot workers jicld dificrcnc values each worker intut 
detenmne for hunself what values to dejcribe ai low moderate high and lethal °°f 
laboratory based on our expenencci described in this paper the following arbitrary limits have s 
as onr guide low less than 5 units moderate berween j and 10 units high, between 10 and 30 units, 
lethal, above 50 units This applies only to titers of univalent antibodies by the plasma albumin con 

eluunanon method, when the salme titration shows no agglutinin to be present As will be cap m 

later m the presence of agglnanins the commonly atailable methods do not permit a clear-cut 1 ent 

cation of univalent antibodies (O hoivever the recent paper of Wiener and Handman") 
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of donor s blood for the procedure More scverel) sensitized women may even be 
delivered sometshat earlier and the infant treated by immediate exchange trans- 
fusion, using about i,ooo cc of blood With ver) high titers the fetus usually fails 
to survive until the period of viability, and the resultant dead fetuses arc permitted 
to deliver spontaneous!) or arc aborted 

Rh Twing and Antibody Tests 

The bloods of all indis iduals m each family were classified as to blood group and subgroup M N type 
and Rh Hr type The blood grouping and M N tests ssere done by the well slide agglutination technic 
while the Rh Hr tests \\ ere done by the tube agglutination technic The Rh antisera were obtained in patt 
from male Rh negative donors who had been immunized by injections of Rh positive blood and in part 
from Rh negative mothers of erythroblastotic infants who after stenlization, were given stimulating 
doses of Rh positive blood While the anti Rho serum used was a pure agglutinating serum the anti th' 
and the anu rh' sera had been prepared from sera of specificity anti Rho and anti Rh^ by the addition of 
anti Rho blocking scrum Anti hr' serum was available from a type RhiRhi woman who had had an 
erythroblastotic infant and a small amount of anti hr' serum had been Icmdly provided b> Dr A E 
Monrant 

The Rh antibod) content of the expectant mother s serum was determined when possible at monthly 
Intervals or more frequently according to the indications by the saline agglutination albumin plasma 
conglntinauon, and at times by the blocking technic For these titrations /rr/A suspensions of type Rhi, 
DT' Rhj and type rh cells were prepared from oxaJated group O blood which had been freshly drawn 
from the vein or stored no longer than seventy two hours in the refngerator All suspensions were 
Washed once by centrifuging, decanting the supernatant, and resuspending the cells in fresh saline to 
produce a i per cent suspension in terms of blood sediment As mentioned in previous papers the most 
common error in the titration technic is in preparing the serum dilutions Improper rinsing results m 
retrying over, and accounts for the extraordinarily high titers sometimes reported in the literature 
The proper precautions to be followed have been described m previous papers and will not be repeated 
here The individual titration technics were carried out as follows 

mtbed One drop each of progressively doubled dilutions of the maternal serum was 
transferred to a senes of small test tubes (8 mm duroeter) and to each tube was then added a drop of the 
test blood suspension The mixtures were shaken and the rack was placed in the water bath or incubator 
>t 37 C for one hour The tubes were then (fntly tilted one by one in order to dislodge the sediment and 
the reactions were read under the low power of the microscope by placing the entire tube on the stage 
under the objective • 

mtthod A duplicate titration was set up as described for the agglutination 
Method After the one hour incubation period when the cells had completely sedimented the supernatant 
uid Was removed as ccmpUttlj ms pessthlt with a fine capillary pipet proceeding from the highest scrum 
"lotion to the most concentrated Then to each tube was added a large drop of fresh albumin plasma 
^'*ture, prepared by mixing 4 parts of pooled oxalatcd plasma from Rh positive individuals with i part 
^5 pot cent human albumin or 30 per cent bovine albumin solution The tubes were then vigorously 
»^cn to resuspend the cells and wxrc reincubatcd for another hour at body temperature At the end of 
this time the tubes were individually shaken, somewhat more vigorously than for the agglutination 
tochmc, and the reactions read under the low power of the microscope 

Ffflck/eg technic If the agglutination test vvas negative and the congluunation showed a significant!) 
tgh titer, tests were usually carried out by the blocking technic Again the first step was the titration 
y the saline agglutination method Then to each tube was added one drop of an anti Rho agglutinating 
*^“1 diluted with saline so as to have a titer of about 10 to xo units The mixtures were reincubatcd for 
one hour at 37 C and then the tubes were gently shaken, one by one and the reaaions read under the 

Bucroscopc 


fry removing the lower half of the ordinary low pow cr objective one is left with a weaker objcaiv. 
ich gives lower magnification and ample working space into which to place the test tube 
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Interfntann For the sake of uniformity all readings were taken by the senior author If he was not m 
the Jaboratorj when the incubation period was orer the racks were placed on the laboratory cable at 
room temperature until his arrival but this did not seem to affect the results materially During hit 
absencefrom the laboratory his assistant r ad the reactions TTie reictions were graded as+4-+ ++ 
+ ±.tr and— , where+++representsonelargeclumpofcells,vThile++and+,etc progressively 
weaker reactions and — represents a uniform suspension with no dumps In the agglutination and 
conglutinauon titrations the nter (in units) was taken as the reaprocal of the highest dilunon givmg 
a one plus reaction In the blocking test the titer was uken as the reaprocal of the highest dilution 
causing complae or almost complete inhibition of agglutination It was found that the fohness of the 
test cell suspensions had a more striking effect on the uters obtained than did the Rh type or the rygosity 
For example with fresh cells the cooglutmation titer was usually lo to 40 times as high as the blockmg 
titer, however if the cdls were old the conglutinanon titer would be lower and the blocking nter higher 
so that this pitfall could be recognized by a reduction in therano When tacb abnormal results wereob- 
uincd the tests were repeated with fresh cell suspensions and in this way mistakes were often avoided 
The serologic ntration method is crude as compared with chemical titrations and has a large intnonc 
error By performing the titrations with two different Rh posiuve edit (type Rhith and RhjRhi as a 
rule) and averaging the results this error was minimized The nter values listed in our tables thus repre 
sent the average of at least two and usually more titrations 

Even with these precauuons the results can be considered to have an intrinsic error of about one tube 
and this fact must be kept in mind when evaluating the significance of apparent titer finctuations m tests 
done serially on any given pauent s serum For example, suppose it is desired to determine if the following 
senes of titers shows any significant fluctuation 17,33,40,15 36 and 50 The average of these six values 
la 33 umts A serum that actually has a titer of 33 nmts could m tests made at different times give titer 
values ranging from 16 to 66 units due to vanauons of technic without indicatmg that there has been 
any actual fluctuation in the degree of sensitiution On the other hand had the followmg values been 

obtained 17 33 40 15 56 80 lao then one could assume that there had been a true nse in nter after the 

fourth sample was tested and that this nse was maintained dunng the last three tests In any case of doubt 
the patient was recalled for another titraaon 

Technic of Exchange Transfusion* 

The exchange transfusion is carried out inuncdiatclj after birth, using blood from 
a compatible, nonscnsitizcd type rh donor No tunc is wasted in carrying out 
conglutination or other serological tests, hemoglobin determinations, erythroblast 
counts, etc , although blood is taken for these studies In the event, however, that 
the father is heterozygous the baby is tested in order to be certain that he or she is 
Rh positive before proceeding In certain instances it is possible to predict from the 
groups of the parents what group of blood will be compatible with the infant s 
blood ^ In such cases, the blood can be made available before the baby is bom 
Where this is not possible, nonsensitizcd typerh donors belongmg to groups A, B, 
AB and O are kept standing by until the inifant s blood group is determined 

The infant is immobilized on a cucumasion board, and a 2x1 gage cannula in 
serted into the saphenous vein at the ankle The infusion of blood is started after 
the injection of o a cc (100 umts) of heparin intravenously A three-way stopcock 
connects the tubmg of the infusion to the cannula and makes it possible to mject 
medication as needed and to control the speed of the infusion A period of fifteen 
minutes is permitted to elapse before the bleeding is started This wait is important 
because it allows tunc for the heparin to exert its maximum effect and at the same 

» A motion picture dcmoastratiDg our rcchnic of exchange tran jftuion u available to medical sociend 
for loan upon application to the anthor* 
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time permits about 50 cc of blood to enter the infant s circulation and produce 
enough of plethora to mike the arteriotomy an easy procedure The radial arterj is 
exposed through in incision made just above the lower end of the radius, it is 
cleaned of all adventitial tissue and lifted up on a hemostat, and with a small 
scalpel a flap is cut into the artery by inserting the blade into the center of the 
artery and drawing it diagonally' outward The flow of blood is immediate and 
copious The blood is collected in one ounce medicine glasses which are emptied 
into a graduated bottle The inflow and outflow of blood are measured carefully and 
the infusion is kept running about 50 cc ahead of the bleeding at all times This is 
easily' accomplished by using a syTingc on the three-way stopcock to inject the 
blood at an increased rate when necessary When 150 cc of blood have run in, a 
second dose of heparin is given intravenously No further heparin injections arc 
given, so that by the time the procedure is completed the heparin effect is nullified 
When an 1,000 cc exchange transfusion is performed the final dose of heparin is 
given after 500 cc of blood has been injected A 10 cc syringe containing a ro per 
cent calcium gluconate solution is kept on hand at all times during the procedure, 
and if signs or symptoms of hypocalcemia supervene, 5 cc arc injected carefully 
directly through the cannula As a rule, no calcium is required for transfusions of 
500 cc or less, provided the transfusion is not given too rapidly, that is, within 
less than an hour For larger exchange transfusions, it is best to inject 5 cc of 
calcium gluconate prophylactically at the 500 cc mark, even though the patient 
exhibits no untoward symptoms In 500 cc exchange transfusions the amount of 
blood injected should exceed the amount withdrawn by about 50 cc , in the 1000 cc 
^eansfusions a margin of about 75 cc should be allowed In infants severely anemic 
St birth this margin should be increased by another 50 cc “ At the close of the 
Procedure the radial artery is usually tied off before closing the incision at the 
wrist, but a snug bandage will control any venous oozing from the incision at the 
ankle A small amount of sulfadiazine pxiwdcr is placed into the wounds before 
closing them, and the infant is routinely given 2x>,ooo units of penicillin intra- 
nmscularly every three hours for twenty-four hours after the operation Subsequent 
•rcatment of the infant is routine, except that breast feeding is interdicted 

Results 

For the purpose of evaluating the efficacy of the treatment, the cases have been 
divided into four categories as follows 

00 Severe cases, with recovery, (0) fatal cases, Oi) cases of moderate severity, an 
( 4 ) nuld cases 


Stvere Cases, u/tth Kecovery 

1 — Th,j cue h« been presented in deuil el$e«bcre * and to conserve space sv.l] not be repeated 

here Itii howeser included m the discussion at the end of this pap*r 

^ase 1, — ^This patient was referred to us tssenty four hours after birth He ssas the product of the 
«cond pregnancy the first and onl) pesious pregnanej has mg b-en normal The mother had n-ser 
fTOuved any blood transfusions The infant svas jaundiced at birth and the splenic edge ssas palpable 3 
finserbreadths below the costal margin After several hours an anemia of 8 S grams per cent of h'm.> 
g'obin svai found svith a red blood count of 3 71 million red blood cells p-r cu mm Th- unco-rected 
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Tfhitc blood count was £^,coo cells and there were 156 normoblasts per 100 white blood alls on the 
smear Anisocytosis and poiLilocytosis were present to a marked degree 
Findings Grouping and Rh Hr tests done on the family are shown in table 1 
Antibody studies done on the mother s plasma by the agglutination technic showed the preicaa of 
Rh antibodies of a titer of 10 units, while the titer of the Rh antibodies was 30 units by the plasnu 
conglutination test and 70 units by the albumin plasma conglutination technic * The conglotiniuon 
test for coating of the infant s red cells by univalent anubodici was positive 

Prffptfijis The &ndwg 5 in this ease pointed to a senoos prognosis, namely the high ntcr of Rh ano 
bodies m the maternal serum, the infant sdeep jaundice, severe anemia, unusuaJIyhigh erythroblastcmia 
as ^vell as its poor clinical condition 

Pnadttrt At the start of the exchange transfusion the infant appeared to be in a condition bordering 
on shock A subconjunctival hemorrhage was prcs^oc m the left eye and small peccchiac had appeared 
on the forehead The skin had a mottled appearance and there were occasional nystagmoid movements of 
the eyes The exchange transfusion was performed using blood from a donor who belonged to type 
OMNrh In order to reduce the conglutinin concent, the donor s blood wai first treated by removing half 
of the pluma and replacing it with normal saline solution Of this mixture, 560 cc were injected while 
500 cc of blood were simultaneously withdrawn 


Table i 


1 

Blood of 

1 

Croup end 
suhtroup 

If iV typ* 

1 Ri-Hr lyp€ 

Pknolyt' 

Ginotypt 
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B 

N 

RhiRhi 


R>Ri or KV 

Mother 

0 

MN 

rh 


rr 

ist son 

0 

MN 

Rhjrb 


R’r 

Patient 

0 

MN 

Rhjrh 


R'r 


* The M N tests arc not climctUy important but arc included for the sake of completencis. 


Kcsults The immediate response was most dramatic. The infant appeared to be more vigorous and 
although there was no change in the jaundice the color and arculanon were definitely unproved The 
hemoglobin on the day following the transfusion was ii 7 grams per cent and then rose to 13 x grams 
Jaundice became mtense by the fifth day at which time the icterus index had risen to 110 units Daring 
this time the baby was imtablc and took his feeding poorly By the sixth day marked clmical improve 
ment was noted The jaundice began to fade the petcduac noted on the forehead had been completely 
absorbed and from that time onward the baby acted ivcll The hemoglobin concentration continued^ 
decrease over a penod of a month when it reached a concentration of 6 6 grams per cent with a red blood 
count of X 3 million per 100 mm By this time the icterus had faded completely The infant was given a 
trahsfnsion of 70 cc of O rh blood on the followmg day and the hcmoglobm concentrauon rose to 9 x 
grams This child has been followed carefully for more than a year Both hi 5 physical and mental progras 

had shown no dcvxanon from the normal He sac at five months and stood *t ii months Atoncyar c 

was beginning to take his first steps His first four teeth Hetc a gree n ish discoloration 

Cass 3 — This patient had had five miscarriages at 3 to 5 months over a period of three yean Her 
sixth pregnancy yielded a full term infant who is normal and well This child showed no jaun ice or 
anemia during her neonatal period When first seen by us the mother was in the 3xnd week of her seven 
pregnancy and had been found to be Rh negauve 

Findtngs Groupings and Rh Hr tests done on thefanuJy arc shown m able x, 

Anubody tests for Rh scnsitixatioa done on the mother s scrum at this time showed aggluo^ to 
present in a titer of 7 units, while the utcr was x 6 units by the plas ma conglutination cechoic Oacraoa 

*Thc figures for annbody uters given in this paper represent averages of the results of at feast two 
titrations ” “ 
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liter, the agglutinin titer was still 7 units, while the titer bj- the plasma conglutination technic was 10 
units (This difTcrcncc is not significant because it is within the limits of accuracy of the method of 
titraaon) 

Pnptmt This woman, then, s as moderately sensitized to the Rh factor, and since the husband was 
mostlikel} homozj gout for Rhj anRhirhorRh rh infant could be expected who would have erythro- 
blistosit in a tesxrc form, and might even be stillborn if earned to term 

Fmrdutt labor was induced in the thirty-eighth week of the pregnancy Plans had been made to do an 
exchange transfusion immediately after birth, but the baby was bom in a city many miles away and nine 
hours elapsed bcfo"c we amved at the hospital In the meantime the infant had been found to have a 
hemoglobin of only 5 7 grams pn- cent and there were iz normoblasts per too white blood cells on the 
smear The baby was given a transfusion of packed red cells from too cc of O, rh bank blood Shortly 
thereafter, the infant became cyanotic and was placed in an incubator Moderate jaundice as well as 
cyanosis and difficulty in respiration were present when we saw the child A few riles were present, 
scattered throughout both lung fields, which svere interpreted as due to areas of atelectasis Although the 
oansfiision had raised the hemoglobin concentration to ij 6 grams an exchange transfusion was carried 
out with the admmistration of 560 cc of blood (half of the plasma in this blood was replaced by salmc 
solution) and the simultaneous removal of 600 cc of blood During the procedure the infant required 
repeated aspiration of mucus and inhalation of oxygen because of several episodes of cyanosis In tests 
earned out later, the cord blood of the baby typed as OMRhi and the icterus index was 40 units 


Table z 
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Rerar/rx Dificrential agglutination studies showed that the combined procedures had left only z per 
cent of the infant s own blood cells in its circulation The hemoglobm concentration of the blood was 
SI 6 grams per cent on the day followmg the transfusion and the child was climcally very much im- 
proved The infant remained well, but the hemoglobm concentration fell gradually and on the fourteenth 
*lay of life another transfusion of 75 cc of Rh negative blood was given From this pomt on the baby did 
'foy well Thi, child has been followed with great caie for about a year and has been unusually healthy 
*a Well as havmg showed rather precocious advancement from the developmental point of view 

4 — This case has already been reported m detail elsewhere * 

Case 5 — -The mother of this patient was first seen by os m the twelfth sveek of her third pregnancy 
Her first pregnancy terminated with the birth of a normal female who is svell Her second pregnancy 
Was attended by a midwife, labor lasted two days and yielded an apparently normal infant who w« 
laundiced for a few days and then seemed to recover This baby was nursed for several days durmg the 
nronatal period At the age of seven months the child was unable to hold up its head, had athetoid move 
®rots, followed light poorly, and had a vacuous expression 

■Fmdmgx Groupmg and Rh Hr tests done on the father mother and both children are shown m table 3 
Antibody studies done on the mother s scrum at intervals during her pregnancy arc given ^ ^ 

At the time of the last test, titrations for alpha and beta anubodies were done since a possibility ol 
<Jouble sensitization (to A as well as to Rh) existed By the agglutination technic the anti A titer* was 
dS units while the Anti B titer was also 48 units With the albumin plasma method the anti A titer 
Was 160 units and the anti B titer was 48 units 

Hsmg test cells of subgroup A 
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Pnineus On the basis of these findings there appeared to be little donbt that ibeeapccted infant would 
be scs-crely affected by the disease and might even be stillborn if the pregnancy were allowed ago to 
term In addition to the harm that would be done by the univalent Rh antibodies, one might expect some 
injUT) to be caused bj the alpha antibodies that were present if the baby proved to be group A 

PrtctJxrt Deliiety was spoauaeous it term The infant appated nottnal at birth and had a hemo- 
globin concentration of 15 5 grams per cent The etythtocytes typed as AjMNRhirh and were shown by 
the conglutination technic to be coated with univalent anobodics Immediate exchange trantfasioa 
was carried out using blood from a group A, type rh donor from which one-half of the plasma had been 
remoied and replaced with saline Oi-er a period of 50 minutes 500 cc. of blood were administered and 
^50 cc remoied 

Ptsaltj The infant withstood the procedure well The hemoglobin contentration of the blood after 
tbc transfusion was 16 grams per cent However by the seventh day it had friHen to 13 5 grams percent 
and the patient became severel) /aund/ced On the eighth day of life the serum biiirubin concenttaaon 
was x 6 mg per cent, but this fell to normal by the fifteenth day During this time there was a gradual 


Tabus 3 
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Table 4 
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11 

1 
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decline in the hemoglobin concentration of the blood to 8 5 grams per cent and the baby was given 
another transfusion this time of Orh blood on the fifteenth day, following which the hcmoglobm con- 
centration rose to IS 5 grams Except lot a boat of diarrhea that developed at the age of one month the 
baby has smec done well 

This case IS wstrucave in illustrating the method of dctenmmiig genotypes The 
father belonged to phenotype Rhith so that on this basis he belonged to one of the 
three genotypes, HV, R^r', or R‘R“ of -which the first is the most common and 
therefore the most likely For this reason, type Rbjrh individuals arc usually 
presumed to be heterozygous * However, when it was found that the first t^ 
children belonged to type Rhe, this excluded genotype R'r leaving genoty^ R R 
and RV' as the temumiag possibilities When finally the new baby proved to be 
Rhi It was apparent that the genotype of the father is R‘R“ so that he is homo- 
zygous for the Rhi factor even though he belongs to phenotype Rhirh Obviously, 
every future child of this couple will be crythrobJastotic 
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This case IS unusual in that the baby developed a hemolytic anemia despite the 
exchange transfusion and required a supplementary transfusion before the blood 
count was stabilized It is possible that this was due to sensitization with the A 
factor, and this interpretation is supported by the excellent response to subsequent 
transfusion of group O, ty pc rh blood 

Despite the additional complication of diarrhea, the child did well, is one year 
old at the time of this writing and is normal 

Case 6 — This bab} svas referred to us at the age of i da) for treatment by exchange transfusion 
Studies done elsess here had shots n the mother to be Rh negative and the father to be Rh positive Block 
ing antibodies ssere detected in the mother s serum during her pregnancy and were said to be 4 plus 
The baby svas the result of the second pregnancy The first baby svas jaundiced at birth but the jaundice 
cleared after several da}s ssithout treatment and this child is ssell One and one half years before the 
onset of the first pregnancy the mother had received a transfusion of blood from her husband 

TtttJtngj On examination the infant svas pale and jaundiced The hemoglobm concentration of the 
blood svas 11 grams The spleen and liver svcrc moderately enlarged and the child s general condition 
was good 

Groupmg and Rh Hr tests done on the father, mother and the infant are shosvn m table 5 

No antibodies could be detected by the saline agglutination test in the mother s serum but the block- 
ing testU svas positive to a titer of 1} units B> the albumin plasma technic, univalent Rh antibodies 
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were demonstrable in a titer of 40 units Furthermore, the infant s ceUs svere completely coat^ ^ 
Dmvalent Rh, antibodies as shosvn by the fact that they behaved in the tests as though they belonged 
to type rh' In addition, free univalent antibodies svere demonstrated m the baby s serum m a titer o 
3 tuuts by the tlbanun plasma conalutmatioa test , , i c 

Pregnesis Thii infknt was already crythroblastouc when seen and m view of the complete coating o 
the erythrocytes by univalent antibodies was probably in imminent danger of developing serious in 
^^^*tBlar clomping ^ 

Pr^cedtre Exchange transfusion was performed using the blood of a donor bclongm^o gro^ 

^ One half of the donor s plasma was removed and replaced with normal saline m o ^ 

«>DgIutinmcontcntofthcinfusedblood Five hundred and fifty cc were administered mto the saphenous 

^ and 5°o cc of blood svere withdrusvu from the radul artery The baby svas returned to the svatd m 
®^llcnt condition 

Wrr The day follosving the procedure the hemoglobin concentration of the blood svas F*- 

“nt >nd the infants general conditioa svas good The icterus index svh.ch had 1^ 60 units at the on 
« of the procedure, svas nosv 64 units and differential agglntinauon tests shoss-ed that a replacement o 

ab^t 85 per cent of the red cells had been accomplished 

Tsvo days after the transfnsion the baby began to sho sv signs of imubilit) an is tempera 

• TTie cell, of all typical erythroblastot.c babies are coated by univalent antibodies as «n 
»tratcd by suspending the cells in plasma or albumin plasma mixture or bj r c anti g o i 
■" addition the baby s Rh pos.t.sre ceUs me * blocked as shosvn by their failure to clump m good am, 

® ^Efi^utinating scrum they arc considered to be completely coated 
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101 F The urine nts found fo contain 10-25 "hire Wood cells per high power field and cnlmie mt 
poiitn-e for luphylococcui aorens The Chvostek, peroneal and Trontscau signs woe positive and the 
serum calcium was found to be only 7 j mg per cent The child was treated with intravenous calaum 
gluconate, calcinm by mouth and given penicillin and sulfa therapy Withm a few days the tetnptratutc 
fell to normal, the calaum concentration of the serum returned to normal levels and the urine cleared 
When discharged at the end of aght days, the child s hemoglobm concentration of the blood was 10,6 
grams and he was clinically well At the age of 3 months the child weighed 15 pounds and the hemth 
globin concentration was ii-i- grams per cent There were no subsei^ucnt transfusions given, and the 
child developed normally 

Cass 7 — ^The mother of this infant was first seen in the eleventh week of her fourth pregnancy Her 
first and second pregnanaes had ended at term, and hoth of these children arc alive and well Her third 
prcgnani^ resulted m the birth of a full term infant who seem^ to be w,.ll at first but then became 
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jaundiced and was transfused eight hours after birth This infant died on the third day of life The 
clinical diagnosis made ac that time was cerebral hemorrhage 

f nidnigr Grouping and Rh Hr tests done on the father mother and both survivmg daughters gave 
results shown in table 6 , 

Antibody studies done on the mother s blood ac intervals dnnng her pregnancy gave the results 


in uble 7 , „nmi 

Frtpssu An autopsy report ou the infant that died is not available but from the clinical 
described it 11 evident that the death may have been due to erythroblastosis This belief is strength 

by the finding of a moderately high antibody mcr m the macctnal serum early m the following pregn^ 

Since the father was Rh posiuvc and almost surely homotygous it was anuapated that eoew 

would be Rhposiuvc and also have moderately severe ciythroblaitous coon of 

Pmtdirt In order to limit the period of time over which the infant would be exposed to ' . 

the maternal antibodies labor was induced two weeks before term The infant, */“■ ' 

nonnal There was a fame yellow streak along the umblical cord but the anmiooc flm ...g^of 

and the venux was not discolored Exchange transfusion was earned out H 

blood from an A, Nth donor for the infusion while 480 cc of blood was mthdram ,^,0 

had been removed from the donor s blood and replaced with saline m order to reduce die cong 
content of the infused blood The baby withstood the procedure weU 
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"Rtsultt The infant s course uas cntircl) uneventful except for the appearance of moderate jaundice 
on the second da) This subsided rapidl) No hepatic or splenic enlargement was made out at any time 
The infant $ blood group was AiMRhirb, and a positive reaction v as obtained with the conglutination 
test for coating of the infant $ red cells Furthermore, free Rh antibodies of 4 units utcr could be dcra 
omtrated in the bab) s serum b) the conglutination method On the day following the transfusion 
the hemoglobin vras 17 4 grams per cent and the red blood cell count 5 04 million per cu ram Three 
normoblasts per 100 white blood cells were present on the smear The child left the hospital on the fifth 
day of life in excellent condition When seen again ac the age of 4 months the child was alert and held its 
head up well 

Case 8 — ^This bab) , a female v% as first seen on the second day of life No antenatal studies had been 
done on the mother during pregnane) Her first child was bom two ) cars previously and was well The 
mother had received no transfusions or blood injections at an) time At birth the infant appeared to be 
normal but on the second da) of life rapidl) became jaundiced The hemoglobin concentration was found 
to be II 7 grams per cent and the red blood count 1. 9 million per cu mm Seven nucleated red blood cells 
per 100 white blood cells were found on the smear 

Ftndtnis Grouping and Rh Hr tests done on the father mother and infant gave the results shown in 

tables 

WcaL agglutinins were demonstrable in a titer of 8 units in the mother s scrum but by the albumin 
plasma conglutination technic univ alent antibodies were demonstrable in a titer of 40 units 


Table 8 
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1 

Ri Hr typt 

Phenotype 

Genotype 
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1 

M 

Rhirh 

R1R» or R«r' 
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Ai 

MN 

rh 

rr 

PaneBt 

0 

M 

Rho 

it'r 


Pnirujss Inzsmuch as the above titers were determined only one day postpartum these titers ^^CTC 
presumably the same as those existing just before delivery so that moderately severe scnsiciration was 
present and the prognosis was fair if intravascular dumping had not already occurred and prov idcd^at 
^ exchange transfusion were done immediately With simple transfusion therapy the likelihood of 
^^'■'cry teemed to be remote 

Exchange transfusion was performed when the baby was 36 hours old Over a penod of one 
°^ 55 occ of group O, type rh blood were injected and 475 cc of blood removed 

'pjjg hemoglobin concentration of the blood was 15 9 grams per cent after the tran 
lood count of 5 1 million per cu mm There were 4 nudeated red blood cells per 100 
* on the smear The icterus index before the procedure was 70 units and after the procc ore a 
^ ^ onits Titration of free Rh anubodics by the albumin plasma conglutmauon met 

c infant s plasma showed a prccransfusiou concentration of 1} units and a post transfusion conce 
nation of li units 

The baby withstood the procedure vcr)i well and the jaundice had almost complctcl) faded three day 
treatment at which time the baby was discharged from the hospiul When seen at t c age o 
m II ^cnioglobm concentration was 14 3 grams per cent and the red blood cell count was 5 05 

>on per cu mm the baby was entirely well dinically 

The obstetrician was so impressed by the improvement of the bab) b) the trans 
^*on that he sent her home with her mother on the fourth da) postpartum wit 
even consulting us This spectacular result cannot be duplicated b) an) cas 
Jn the days before exchange transfusion Comparable eases in the past 
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either showed progressive jamdice despite transfusion, with car]> death from 
kcrnicterus, or have recovered folfoiving a series of transfusions over a period of 
"eeks or months, sometimes only to exhibit sequelae of liver and brain damage 
later on 

Cam y —When Brs: seen, the mother of this pauent « as in the wten aj between her fine and 
pregoanej Her first pregnan^, three month* prcvionslj, had h*co icmuoatcd by cesarean tcctxon in the 
rhift) fifth uccL because of central placcnu previa She fcccisrd two transfusions at that tune. He 
infant wctgbctl ij pounds and lived for only twelve hours Studies were requested to determine if iso* 
immunization had an) beanng on the Joss of the lofanr 

Ftnitny Grouping and Rh Hr tests done on the husband and wife gate the results shown in cable 9 
At the time that these studies w*crc done tests for antibodies in the mother s serum showed an agglati 
nin titcf of 1 units while the titer b) the plasma cooglutination rest was also a units It seemed much less 
likely that the sensitization had been caused b) the prtgnioqr chan by the two transfusions that the 
woman had received Inasmuch as the husband was most probably hctcroiygons for the Rh factor there 


Tabls 9 
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Tabl* 10 
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4f 
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7 

»5 

37th week 

6 
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was an even chance that any future pregnancy would prexJoce either an Rh posinvc or an Rh ncgati^ 
infant. Furthermore, since icnsituaaon was only mild there was a postihih^ that even rf she had an 
positi VC miintit would be only moderately or mildly aifcctcd and could be saved by the proper trcaOT^* 
The mother rccumcd fourteen months later for fiirthcr studies, in the twenty fourth week ^ 
second pftgnancy, and her serum was tested for antibodies at fieqncnc intervals thereafter wirb 

results shown m table ro . ^ 

Prvgitojtx The absence of antibodies at the first cxaminaaon followed by their appearana at 
second examination, indicated that the mother was carrying an Rh positive ferus and that am cn 
affected crythroblastonc infant could be expected ,j 1 u* j i,«fcd 

PrKtJsre Because of the previous cesarean sccuon it was felt that this child should also be 
transabdominiUy In order to luDit the period of nine thit the inf«nt would be in conuct 
mjtcrnd anobodia ccMroin section wm done at thirty-seven wkL-s 

exchange wnrfosion however the baby , Hood wa, grouped and W tes^ in order ^ ^ ^ 
we were not dealing with an Rh negaove child As expected from the anuTiody testa th f 

'^^chwgt transfiLon was performed asmg blood *om an A,MNrh <^or Orxr a penod of tasrf 

mwates.,,occ were gtven «d 500 cc removed The baby bote the procedure well 
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Ktsahs The hemoglobin concentration at birth was 17 4 grams per cent, and the red blood count 6 
tmlhon per cu mm There was onlj i normoblast per 100 white blood cells on the smear The icterus 
index was x8 units The hemoglobin concentration following the procedure was 13 i grams per cent and 
the red blood count 4 8 million per cu mm The albumin plasma conglutination test on the cord scrum 
could detect DO f-cc Rh antibodies, but b> the acacia method a titer of 48 units was obtained on the 
bab) s serum * 

On the dij follouing the transfusion jaundice appeared and deepened perceptibly on the second 
day t The icterus index at this time had risen to 71 units The infant remained clinically well however, 
and took its feedings w iihout difficult) The hemoglobin concentration remained unchanged The spleen 
liccamc slighti) enlarged, but the liver was not palpable By the eighth day the spleen was no longer 
palpable and the jaundice was fading rapidl) The patient was discharged from the hospital at the age of 
1 weeks At the age of i months the hemoglobin concentration had fallen to 8 4 grams, but reticulocytes 
'’ere present on the blood smear and a differential agglutination test showed that as much as 90 per cent 
of the infant s blood was Rh positis e indicating that rcgeocration of blood was proceeding at a satis- 
factory rate, and that further transfusion was not necessary 

^hen seen again at the age of 3 months, the child was perfectly well and developing normally both 
^^^tally and physically 
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Fatal Cases 

Case 101 • — The mother of this patient was first seen m the second tnmester of her fifth pregnancy 
Her first two pregnancies had yielded normal infants who arc well today Her third pregnancy resulted 
birth of a stillborn fetus at term Life had been felt unul three days before delivery Her fourth 
P^gnwey terminated spontaneously at 36 weeks with the birth of a stillborn infant which had ap- 
P^^tly been dead m utero for about two weeks 

indtnij Grouping and Rh Hr tests done on the entire family gave the results shown m table 1 1 
tibody tests done on the mother 5 plasma dunog the second tnmester were positive to a tit^ o 4 
oth in saline and plasma media indicatiog a raild sensitization to the Rh factor wi mu ics 
ominatcly of the bivalent type At the beginning of the third intncstcr, however the anti 
nsen to 11 units by the agglutination method and to xj units by the plasma congJut^tron t ni 

ri, Since the husband was presumably homozygous for the Rh factor there was It ^ 

bom infants from the third and fourth pregnancies had died of erythroblastosis erraanc m 

nsc in antibody titer, the expected infant would undoubtedly be Rh positive an 
ornifthcprcgnancy wcrcallowtdtogototcrm 1 «/ 

^ male infant weighing 5 lbs , 6 oz was delivered by cesarean section six w« s ore t 
itth the cord was seen to be bile stajned and the infant was pale and bad a weak cr) ^as ta en 

That this Was not an artefact was proved by demonstraung that it was possible to disungu 
j (Q negative bloods by the acaaa conglutination method using the infant s scrum 

With saline solution as the testing scrum r 4 « r^n 

afrrv k experience has shown that it is not uncommon for jaundice to increase or a ^ 

. ^ transfusion before subsiding This may be due to liver damage susrainc 

of treatment 
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tor tubscqacnt eMmin»tion, but the exchange transfusion was carnet} out mthout dela^ A total of 410 
cc of blood «as withdrawn and 500 cc in)ccted The baby withstood the procedure srcll Subsequent 
tests showed that at birth, the hemoglobin concentration was ii 7 grams per too cc , the red blood cell 
count ^ 61 million per cu mm with j8 nucleated red blood cells per 100 white cells on the smear fhe 
total white blood count was 13,100 per cn mm The icterus index at birth was 70 units As expected the 
bab) was Rh positive, the complete classification being OMKRh,rh » 

Rtitltf Following the transfusion the hemoglobin concentration was 15 8 grams per cent, and diffa 
cntial agglutination showed that an exchange of about go per cent had been accomphshed The ictemi 
deepened on the second day of life although the baby seemed to be clinically well There svas no hepto- 
mcgaly or splcnomegal) On the third day of life the baby became intensely jaundiced The icterus index 
had risen to iio units and the infant became lethargic and refused its feedings. In the latter part of ihc 
daj , brasvny edema of both lower extremities became evident The hemoglobin concentration had now 
fallen to 14 7 grams per cent. The subsequent course was downhill The temperature fell to subnotmal 
levels, the bab) refused feedings and became deh) drated Despite intravenous fiulds he failrd to improve 
On the fifth day of life the temperature rose to 103 5 F and dMth i^vwd 

yfaraprx rrpar/ Kcmicterus hepatosplenomcgaly, necrosis of Hassell s corpuscles hemorrhage into 
lungs, large areas of necrosis in the liver islands of hematopoiesis in the liver spleen and adienali 


As IS usual in many cases of erythroblastosis, the condition of this infant appcarec 
to be excellent at the time of birth and immediately thereafter We expected, there 
fore, that if the progress of the disease could be arrested by exchange transfusion 
this infant would survive The death of this baby led us, in subsequent cases, to 
remove half of the plasma from donor s blood and replace it with sahne, thus re 
duemg the congluunin content of the infused material and favonng hcmol)'Sis 
instead of clumping The promise of this procedure was not fulfilled and it has 
therefore been abandoned We have now further changed our procedure by using 
1,000 cc of blood instead of 500 cc in the more severe cases, and our limited a- 
pericncc up to the present time indicates that many more of these severe cases can 
be saved with this modification, which ensures an exchange of 98 per cent of the 
infant s blood instead of only 87 per cent, thus obviatmg any possibilitj of further 
clumping or hemolysis ' ’ Even this modification is not umvcrsally successful as 
will be seen from the case presented below 


Case lob — ^Thii lufiuc was the sibling of exse 10a The mother became pregnant agam about lU 
months after delivering the baby just desenbed and her blood was carefully followed with tepa 
antibody titrations pnor to delivery The results of these tests are shown in ubie ja. 

ftvgBM/r In view of the rising titer of antibodies and the history of the loss of three previous ^ 
from erythroblastosis the prognosis for the expected child appeared to be hopeless if the ^gna^ 
permitted to go to term in fact, the fetus would be expected to die itt tttn before the en of 
month The only chance for survival was to deliver the baby while it was still alive au 
massive exchange transfusion immediately after birth Even at this tune the mamfestatiooi were a 
be severe, to that the prognosis was grave ^ 

Pnxtdtn Cesarean secnon was performed six weeks before term On ciposmg th e 
hemuuon the sixe of a walnut was found in the antenot uterine wall This was co , 

pentonenm and was filled with blood f On palpanon, the hernia ruptured and bled protuseiy 

* Actually, the cells failed to clump m anti Rhj serum, due to coating of the red cells by b 


+ In view of this defect in the uterme waU. the piuent might ™ 

been prrm.tted to go mto Ubor Ihc development of the ftfect wth the 

j«-l«inirnliccnta may account for the rise in the maternal antibody titer, as such a 

‘ren™ maremal arculauon and stimulate the pr«luci.ou of addiuoual antibodies 
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operations as completed rapid!) b) extending the incision through the herniation Thcinfant ondclivcry, 
weighed 5 pounds and 1 ounce and exhibited extreme pallor Respirations were shallow and infrequent 
and a tnodcratcl) large amount of blood and mucus had to be aspirated from the pharynx and trachea 
Before the cesarean operation iso donors belonging to group O t) pc rh had been bled of 300 cc each 
and this blood sas ready for immediate transfusion Within a few minutes the baby was given 100 cc of 
Wood and shosed marked improvement m Its general condition It did hosever become cyanotic when 
OX) gen sas STthhcld Exchange transfusion sas then completed with the administration of 1 total of 
1,000 cc of blood and the removal of 950 cc Throughout the procedure the baby required frequent 
ispiniion and continuous ox)gcn inhalation Fifteen cc of xo per cent calcium gluconate were given in 
divided doses of 5 cc each dunng the procedure shich took a total of two hours On being returned to 
her incubator the infant appeared to be quite sell 

RfjW/j During the next tsent) four hours the bab) was fairl) active She had one period of apnea 
vrhich responded to anihcial respiration and she also exhibited a few tremors shich responded to the 
intravenous administration of calcium gluconate On the morning following the p ocedurc vvh*n the 
hab) was about hours old she suddcnl) expired 

l^borator) studies done on the cord blood obtained at birth showed hemoglobin concentration, 3 8 
grams per cent, red blood cells, 1 3 million per cu mm white blood cells 4 800 per cu mm. polys 33 
niycloc)tc$, a lymphocjtcs, 61, monoc)tcs 3 cosinophiles i There were 45 nucleated red blood cells 
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100 -white blood cells on the smear The icterus index w as 5a units The albumin plasma conglutma 
^tcsc for coaung of the infant s cells was positive The baby s group was OMRhirh 
and *^ansfu5ion the hemoglobin concentration of the infant s blood was 13 a grams per 100 cc 

^ sere 1x4 nucleated red blood cells per 100 white blood cells 

sutopsy the liver was found to be greatly enlarged with large areas of nc 
Cfosis so that there is little doubt that this infant died as the result of damage 
maternal antibodies while the fetus was still /» utero It may still c 
th^^i* some severely affected infants with less involvement o 

iver but who would otherwise die, if the hemoglobin concentration is main 
rem' 'formal levels by allowing a larger margin of infused blood over that 
CO case, a margin of only 50 cc was allowed and the hemog 0 m 

^ grams per cent following the transfusion We ave 
^ scqucntly found that when a 100 cc margin instead of 50 cc is allowed 
con ^tansfusion of i,oco cc one is more likely to attain a normal hemog 0 m 
newborn, namely, about 16 grams When the patient is eX 
torreef infant was, a margin as great as 150 cc is desirable m ot er to 

e reduction of blood volume usually present in such cases 
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Ca5x n m, mfint ^v« bom in a atf xjo miles away and was nor under onr complere manattiMr 

at an) iimc ThconI) dxM »'ailalilc to ns antcnatally was that the mother was EirnegtaTc and we were 

told that her serum contained Rh agglatinios in a titer of 64 units shortly before birth The baby b- r^»r 
citftmely /aundiced b) the fourth day of life at this time it was lethargic and cyanotic, and had to 
be placed in an ox) gen tent Exchange transfusion was then performed by us at the reijoat of the attend 
ing physician, as a measure of last resort The infant seemed to be improved immediately following the 
pfoccdurc, bat died about five hours foHowno^ its completion 

Ca 5C IX, The mother of this patient was first seen by ns two year* after her fourth pttpuocj- Ha 
obstetficaJ history at that titne was as follows Her first pre^ancy terruinatccl with the birth of a nuh 
infant who was C}jnotJC tctjpircJ rcsascJCJit/on and lived for only two days. Her second ptepiaocy 
yielded a normal male infant who is alive and well Following this sbe gave birth to a fail tenn male 
infant who developed laundtce and lived for only twco^-fivc hours Her fourth pte^uancy yielded a 
stillbinh two wecl3 before term 

FiKJtnis Grouping and Rh Hr tests done on the father, mother and living child gave the results shown 
m cable 13 
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Test for Rh antibodies on the mother s scroio ^ve the following results Agglatinatioo test 
me, BlocLing tcK— positive x units Plasma coogfaunaaon test— positive 30 amts ^ ^of 
firmed the diagnosis of erythroblastosis as the cause of the death of the third infant^ as 
thcsullbifth which occurred m rhe fourth pregnancy In vicvr of the presence of a feghtitcf 
antibodies and the face that the husband ^longed to type RhiRhi, every chd ^ 

almost sorely be Rh positive and stillbom. so the parents were advised ^?na!^tcd 

The mother wax xcen again in the sixth weeh of her fifth ptegnancy and irom po ^ 
ciwatious wete done unul delivery The results of these studie, are hydrammos bid 

the Ust atjohody test was done examination by the attending obstetnatn revealed tha yd 

In view of the high liter of univalent antibodies and the devdop^t rfh^n^ 
eating fetal pathology, then: was little hope of saving thu baby oa ^ pttg 

Sterna “Ch^ge transfusion perfotmed Intrautenne death ^tobc ,amtacat 

nancy were to be dJowed to continue for even a The mfant was pile 

J^durt Delivery by cesarean section was earned out at thirty six weexs 
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icicnc at birth and weighed 5 pounds 8 ounces Blood was taken for tests to be earned out sobsequend)' 
and immediate exchange transfusion was performed, using fresh citrated blood from an A,rh donor 
One half of the plasma wa^ remoxed from the donor s blood and replaced by an equal volume of normal 
saline 0 \cr a period of 90 minutes -^^occ of hhK>d were injected and 380 cc removed The baby with 
stood the procedure well but was basing respiratory diHIculty xvhen it was sent to the nursery 

Ktsahs The hemoglobin concentration was 9 o grams percent at birth with a red blood cell count of 
1 1 million per cu mm The infant belonged to group O typcM typcRhirh The conglutination test for 
coating of the infant $ cry throc) tes were positixe and free unix alcnt antibodies could also be detected in 
the baby s serum 

Folloxx ing the transfusion the hemoglobin concentration of the blood xvas 9 4 grams with a red blood 
cell count of 3 9 million pcrcu mm There xxcrc 164 nucleated red blood cells per 100 xvhitc blood cells on 
the smear For two days the jaundice deepened gradually and the baby became lethargic and began to 
take Its feedings poorly On the third day of life the hemoglobin concentration had risen to 10 6 grams 
per cent xxith a red blood cell count of 4 7 million and there xxas still loo nucleated red blood cells per 
100 xxhitc cells on the smear The jaundice deepened the infant began to 002c blood from the month, 
developed respiratory distress and expired 

Through mischance this baby was left with a hemoglobin concentration of only 
9 4 grams per cent at the end of the procedure, and this, we believe, contributed to 
Its death While in other cases following the exchange transfusion the crythroblasts 
quickly disappeared from the baby s blood stream, in this ease they increased in 
number, possibly due in part to the anemia A sample of blood obtained post- 
mortem showed twice as many Rh-positivc cells as the immediate post-transfusion 
sample, while in our successful cases differential agglutination tests show no 
Rh-positivc blood cells on the third day The increase in the proportion of the 
Rh-positivc cells nullified the procedure, and prevented recovery of the baby 


Case 13 The mother of this patient was first seen by us in the twenty fourth week of her second 
pregnancy because she had been found to be Rh negative in routine prcnaul tests done elsewhere Her 
^rst pregnancy had terminated spontaneously at terra four ycai^ before with the birth ofa male infant w 0 
u now well This child had no anemia or jaundice There was no history of the mother having ha a 
transfusion or injection of blood or plasma 

Ptndsn^ Grouping and Rh Hr tests done on the father, mother and son gave the results xhoxvn in 
table 15 

Tests for antibodies were done on the mother $ scrum at intervals dunng the remainder of her preg 
ti^cy With the results shown in table 16 , ^ 

■Prffgnfljr/ These results indicated that the mother bad become strongly sensitized to the Rh actor 

^tibodics predominately of the bivalent type, and that the infant would probably have severe crytnr 
blastosis 


foetduTt Plans xvcrc made to deliver the baby prematurely and perform an immediate ex angc ^ 

*ion However, the mother went into labor spontaneously in the thirty fifth xvcck 0 
c ivered a female infant who weighed 5 pounds, 15 ounces was pale, but not ictcnc an cn 
*ascitatcd only with great difficulty Immediate exchange transfusion was carried out xvith ^ * r 
of blood from a donor who belonged to group O typerh andthcremova o 4 
The baby xvithstood the procedure well , p-iobin 

rsalfj Examination of the infant s blood taken immediately after birth sboxvcd c cm 
oncentraaon had been only 4 3 grams per cent The albamm plasma ^D?^jt>odics 

j was positive and the scrum of the cord blood shoxved the presence of moelobin 

a titer of 3 units by the albumin plasma technic On the day folloxvmg the transfusion t c j 

(mccntration of the blood xvas 13 5 grams, the red blood cell count 4 r million per ^ 

^h*te cell count xo 650 There xvere xao nucleated red blood cells on the smear The infrn^ 
t ^ ^ shght jaundice there was some edema of the extremities and respirations 

="<1 rapid Fine riles xxcrc audible throughout the enure chest, and cyanosis developed when orvgen 
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ihcr.j, d, continued for feedings Forty^igbt bonn 2frcr the procedure the peture beame eJinn- 

ing The trend the jpleen »-cre both firm end read./j- pijpe We about three cenameters below the «»ul 
merlin), peieehiec were present oier the thoalders and extrcmittes and merted jeundice had dtrtloped 
The hcrno^lobjn concentretjon was now 13 grams per cent and there were X5o nucleated red blood cells 
per ICO white blood cells on the imear The mfent waigiren a transhiSion offocc of group O, typ. rh 
blood and seemed to shots some impraeemeae for seixral hoars Oo the third da) of It/e, however dysp- 
nea became more severe the /aundice appeared to be deeper and the child refused all of its hsdmp 
Blood talten ses’eral hours before death shotted a scrum bdirvbtn of ix^mg per cent, and a pothrombm 
tiro* of over three minutes as compared tilth the control of tsvelsT seconds 

The findings at autopsy were kemtererus cbolemtc nephrosis and polmonary congesnoo edema and 
atelectasis with loci of hematopoiesis in the lira- and spleen 

Cast This case is reported in detail elsettbete 

Cash sj — This infant was first teen by us a fen hours alter birth because of seiere anemia Deliray 
had been spontaneous and at terra Pallor was noted immediately, and the amniotic Bold seas se-n to h. 


Tasle 15 


tf 

1 

Cr&Mp j 

1 if ' lyfr 1 

j type 



Father 

0 

1 MN 

RhjRhi i 

R>X> or RV' 

Mother 

0 

MN j 

rh 

rr 

Son 

0 

MN 

Rhirh 

R'r 


Table 16 


Ttmte/ Ust 

Ttur ; 

(tzbn %4 

1 

(tn^ion ttdtMU 

iTtlrr h aJiamta fUiaa 
udme 

14 weeks 

0 

0 

0 

30 weeks 

30 

17 

— 

34 weeks 

41 

64 

10 


jellosv The infant t hemoglobin at birth was 5 8 grams per cent with a red blood cell count ol 1 15 

million This was the mother $ first pregnancy She had no history ol hating had any abortions or mis 

carnages Ten years before she had had poliomyelitis and was given a blood transfusion at that «m 
FtnJhny Gronpmg and Rh Hr tests as sabs-tjucntly determmed on the mother, father and t e new 

infant gave results shown in table 17 

Testa done on the mother s serum for the presence of antibodies showed that the blocLt g 
positive in a titer of 4 umts while the albumin plasma conglunnauon tcclmic gave a atar o ico nni 

Coombs anoglobulm test for coarmg of the baby 5 crythroc)-ics was positive and the 

contained free univalent antibodies in a nter of 40 units by the alburoin-plasmi cong ntina 

The icterus index of the baby I serum was 40 units u- n-as first 

Prsiiwir Although the above mformation was not available to us at the f ^ 

seen, it was dear that the child was severely affected with erythroblastosis and the progn 

Exchange transfosion was performed about five hours after 

t, tt,- vrrmnO trot rh bant biood was used One third of the plasma ivas removed an P 

Rrnlrr There was an immediate improvement m the baby s condition following tran 
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the follou ing da} , the patient again looked pale and was given another 73 cc of blood from a donor who 
belonged to group O, t}pc rh On the third day following the exchange transfusion jaundice developed 
and deepened rapidl} The hemoglobin concentration had now fallen to 10 i grams per cent from the 
level of 11.} grams that was present immediately following the exchange transfusion, and a second 
supplementary transfusion of 73 cc of fresh blood was given Progress was not satisfactory however 
The icterus deepened, the liver and spleen became enlarged and the baby became lethargic and had inter 
mittent periods of cyanosis At the end of one week the temperature rose to 103 F and the anterior 
fontanel le as found to be bulging Spinal tap revealed a canary yellow fluid that contained 7 white blood 
cells and 3 red blood cells per cu mm The Pandy reaction was 4 plus and the qualitative sugar reaction 
on the spinal fluid ^^as 3 plus The blood culture was positive for staphylococcus aureus Despite pern 
cillin thcrap) , a large abscess which yielded 8 cc of purulent fluid on incision and drainage appeared 
over the upper thoracic vertebrae Culture of this material was also positive for staphylococcus aureus 
The baby developed diarrhea and scattered indurated areas over the body on the twenty ninth day of life 
and expired the following day 

Autopsy revealed bacteremia, pyohydroccphalus, abscesses in the thyroid, heart kidney and the 
bram, kcmictcrus arrhosis of the liver, septal thrombophlebitis of the pulmonary veins, and focal 
pneumonia 


Table 17 


BltoJ of 

Group 

i 

If N type 1 

Rh-Br type 

Phenotype 1 

Genotype 

Father 

Ai 

MN 

RbiRh, 

RtRt or KV 

Mother 

Ai 

N 

rh 

rr 

Baby 

0 

MN 

Rhirh 

RV 


Cases of Moderate Seventy 

Case 16 —This has been reported in detail elsewhere * 

Case 17 -The mother of this pitient w« first seen by us in the first trimester of her third pregnancy 
She had delivered a normal boy seven years previously who is living and well Her second^ld a 
was bom three years ago He was normal at birth, but on the second day of life was seen to be jaundired 
The hemoglobin concentration of his blood was 7 3 grams per 100 cc and the ted count was ^3 °° 

percu mm He was found to be Rh positive while the mother was Rh negative Over a period of twelve 

diys he received three transfusions of 75 cc each of group A, Rh negative blo^ without showing any 

appreciable rise in hemoglobin concentration or red blood count On the fifteen ayo i c, owever, 

Was given 105 cc of washed mother s red cells in two portions and his hemoglobin concratration tore to 
II grams per cent From this point onward his recovery was uneventful At the time when his |aun^ 

at Its peak the van den Bergh reaction showed » concentration of 46 7 mg o i iru m m is 

Ftadhjij Grouping and Rh Hr tests done on thefamily gave the results in table 18 

At the time of the first test for Rh anubodies in the mother 5 serum no agglutinins were demonstrable, 
but univalent antibodies were shown to be present in a titer of 16 units by the p asnu cong uuna 
technic Anti A and anti B titration, on the mother s plasma by both the agglutmanon and conglutma 
tion technics were Within normal limits By the middle of the third trimester o pregnancy, 
agglutinins could be demonstrated in a titer of li units, while the conglutmat.on met had fallen to 3 
Mits A slight rise of both anti A and anti B aters above the normal was fo^d at this 

Smee the anti Rh titer had fallen It could be confidently predicted a viable luf^t woidd 
obtained even though the infant was almost certain to be Rh positive and th^efore et^throbUstotic 
If the baby belonged to group A, the presence of mild sensitization to the A agglutinogen might fnnher 

complicate the picture, but probably not to a senons degree r j j j 

The baby was dLcred at term and was observed for twelve hours 3 

tune shosved that the hemoglobin concentration of the blood was 14 5 grains per too cc. 
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count ^ 7 million ccIU per cu mm and the uhitc Wood count 16x00 per cu mm There ivere 10 
nucleated red blo^ cells per too white blood cells and the icterus index of the cord serum ivas Ji units 
Tlic infant prosed to belong to group AiNlNRhirh After tsseisc hours the icterus index had ns-n to 14 
uniff and the bab^ began to show slight cfinicai jaundice 

txchingc transfusion ssas carried out using a donor that belonged to group AihfNrh To reduce the 
concentration of the conglutinin in the infusion material, half of the plasma ivas remored horn this 
blood and replaced ssuth saline Ten cc of Witebsty group substances svere then added to neutraliie the 
alpha antibodies present in the infant s bod) and dcriscd from the mother The usual procedure svas then 
carried out 500 cc of blood being injected and 460 cc simultaneously removed 

Ktjt/r/ The hemoglobin concentration svas 13 5 grams per 100 cc on the day follosvmg the crani- 
fusion B) the sixth da) it fell to 8 8 grams per cent and another transfusion of 70 cc of blood this time 
from an Aarh donor ssas given The hemoglobin rose to xx.7 grams per cent but over the next fisc days 
fell again to 8 7 grams Folloss ing a final transfusion of 60 cc of Aarh blood the hemoglobin concentration 
became stabilixed and the bab) ssas discharged from the hospital The van den Bcrgb reaction svhich 
svas indirect, shoss-cd a concentration of 5 7 mg of bilirubin per loocc at j dxys of tge and fell sreadily 
to normal during the hospital stay of three s\*eeks At the age of x months the hemoglobm concentrauou 
ssas so 7 grams per cent and the baby svas ssell Some splenic enlargement ssas noted at that umc but 
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1 \t ) typt 

Rk Br typt 

1 Pkeiutypt 
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A 

MN 
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0 

N 

rh 

rr 

xsc son 

0 

MN 
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RV 

xnd son 

A 

N 

Rh 

R’r 


ssas no longer demonstrable 6 months later At the age of one year the child svas perfectly normal in 
every respect He stood and ssas beginning to taLc a fesv steps Language development svas normal for 
that age 


This case IS unusual in that the pauent required two supplementary simple 
transfusions after the exchange transfusion, while m typical cases the exchange 
transfusion alone is sufficient to bnng about a cure This may be ascribed to e 
fact that the mother was sensitized to the agglutmogeu A as well as Rh, an 
especially to the use of blood of subgroup Aj for the exchange transfusion instca 0 
blood of subgroup A- or group O The titer of alpha antibodies in the matemal 
scrum was only slightly elevated, so that ordinanly one would expect the a p a 
antibodies passing into the fetal arculation to be completely neutralized y t c 
substance in its blood and tissues, leaving no free alpha anubody to ect 
transfused group A blood cells In this case, however, the baby belonged to su^ 
group As, so Its tissues and blood were capable of neutralizing offiy . 

alpha antibody, leaving alphaj antibody free to lyse the transfced Ai c s 
T prolongi babyl .Unc, ™ 

supplementary transfusions of blood of subgroup A. 

c, lud fa. a™ m *0 =« P/ 
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patient wii bom at term and was definitely icteric at birth At the age of 5 hours the hemoglobin con 
ccntration was onl) 8 1 grams per cent and there were 15 normoblasts per high power field on the blood 
smear The bab) was gisen 8ocr of group O tj pc rh blood before she was referred to us 
FtnJmis Grouping and Rh Hr tests on the famil) gase the results showm in table 15 
Antibod) tests done on the mother s scrum showed that a mixture of both bivalent and univalent 
antibodies were present The agglutination test showed a titer of Rh antibodies of ix units while the 
titer by the albumin plasma conglutination technic was 18 units The scrum of the infant was shown to 
contain free unn alent Rh antibodies b> the albumin plasma conglutination test which was positive to a 
dilution of I X. 

Proinosu In mcw of the significant antibody titer and deepening jaundice (icterus index xxo units) 
this was a $c\crcl} afTcctcd infant who required immediate and Mgorous treatment 

Proctitcre Exchange transfusion was earned out twenty four hours after birth using bank blood from 
an 0 , rh donor from which half of the plasma had been remo\cd and replaced by saline The baby was 
given 560 cc of this blood while 510 cc were removed 

Pjsults On the day following the transfusion the baby seemed very much improved although the 
hemoglobin concentration of the blood was only 11 7 grams per cent At eighteen hours after the pro- 
cedure the bab) again became deeply jaundiced and edema of the extremities particularly the legs 
developed The spleen and liver were now enlarged and examination of the blood smear revealed that 
there were 170 nucleated blood cells per 100 white blood cells At the same time the hemoglobin concen 


Table 19 



Croup end 


1 Kk Hr typr 

Blood of 

il \ lypo 



subgroup 

Fkcnviypr 

1 Genotype 

Father 

A, 

MN 

RhiRhi 

R>R‘ or RV' 

Mother 

Ai 

N 

rh 

rr 

1st child 

Ai 

MN 

Rhirh 

RV 

Patient 

0 

— 

Rhirh 

R'r 


^ration had fallen to 9 o grams per cent This evidence of continued blood destruenon was interpreted as 
being due to the fact that bank blood had been used for the exchange and a further small transfusion of 
40 cc of fresh blood from an O rh donor was given The jaondicc began to fade on the following day and 
by the next week had faded completely The hemoglobin concentration which had risen to ix.7 grams 
per 100 cc following the supplementary transfusion was maintained and the baby was discharged from 
the hospital at the age of two weeks No further transfusions were necessary When the baby was last 
at the age of 8 months she was sitting alone and appeared to be normal in every respect 

15 one of the few eases in which a supplementary simple transfusion was 
necessary after the exchange transfusions were done This we ascribe to the use of 
bank blood of uncertain state of preservation We were compelled to use bank blood 
in this case because no compatible donor was available, and the bab) s critical 
condition made it imperative to avoid any delay in starting the exchange trans- 
fusion The case demonstrates that for exchange transfusion fresh citrated blood, if 
available, should be used instead of bank blood because the more satisfacton 
results with fresh blood more than compensate for us greater cost and 

inconvenience 

Cask ig mother of this infant was first seen by us in the thirt) first w cck of her fifth pregnana 

cr first pregnancy four j ears presiously resulted m the birth of a son whois Imng and well Hcr^con 
P'cgnincj terminated with the birth of a girl who IS also normal Her third bab> a girl waswc unn 
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the rourth dj7 of life when the became jaundiced and anemic. She received four tranjfuiiocs of Rh 
neptire blood over a period of tivo wceLt and made a complete recovery The birth of this baby irsi 
follo^ by a roiscarriase at two months There was no history of the mother ever having received a 
blood or plasma transfusion or blood injection 

FtrJmiJ Grouping and Rh Hr tests done on the father, mother and all the living chddrcn gave the 
rtsultf shoHT) in table lo 

Tests for Rh antibodies on the mother 5 serum showtd that while the agglutination test was negative, 
the tircr of unii alent antibodies was ^ units as determined by the albumin plasma conglutminon test. 

Fnp: 9 su Since the father was almost surety bomozj'gous for the Rhehiaor the new baljr would be 
expected to be Rh positive and therefore erythroblastotic, though not severety affected m view of the 
father lou Rh antibody titer of the maternal serum 

FrxtJt^rt It Was planned to deliver the infant at term and do an exchange transfusion immediately after 
birth Houevrr, the mother went into labor spontancoosty six wccLs b-forc term and delivered a 5 pound 
pre/naturc infant that seemed to be normal Exchange transfusion was performed using 380 cc. of group 0 , 
t 3 *pc rh banL blood for the infusion and removing 300 cc of bfood from the baby In this particular case 
the blood sxsscls were found to be uocommonl) small and difhculty was encountered with the bleediug 
so that we actuall) ^\e^c obliged to fall short of the 500 cc marL that wchad established for ourselves as 
the minimal goal in doing an exchange transfusion 


Table lo 
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CrffMp 

u vtrpt 

Jii nr typt 

Pkmfityp* 
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0 

MN 
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rh 
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0 

N 
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0 

MN 

Rhifh 

RV 

blastotic) 

0 

MN 

Rhifh 
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Rr/jffrj The baby did svcll from the clinical point of view, that is feedings were taten normally m 
the i^uight gain was satisfactory The baby did not develop any jaundice However the hemoglobin 

concentration which was 16 grams per cent at birth was onty 23 4 grams per cent on tbc da/ foWowi^ 

the transfusion Over the next eleven days the hemoglobin concentration fell to 10 3 grams per cent 

the infant was discharged Four days later the hemoglobin conccntrauoQ of the blood had fallen to 0 

grains and the patient was transfused with 55 cc. of group O, type rh banL blood Two days ^ 
transfusion W'as repeated and the hemoglobin concentranon from that pomt onward was mam 
over II grams per cent The child s subsequent course has been onevcntful, though there is some s g 
doubt ID the mind of the mother that he is as bright as his siblings 

Case xo— This one day old female infant was ref er r ed to ns becanse of janndice 
hoars durauon She was ie second child Thehrat a girl was 3} yean of age and was e 

had never been transfused and had never had any snllbirtbs or miscamages c.whtad 

fW/iTg/ When first seen the infant was deeply jaundiced and had namcroaspctcc^M 

The liver and qiiccn were not enlarged The hcmoglobm concentration of the 
per cent and red blood count was 3 4 miUion per cu mm. The ic^ index ™ .hoirn 10 

Grouping and Rh Hr tests done on the mother, father and the patient ga 

“’’I'nobody test, done on the mother . s^ were « 

and also by the plasma conglutination and ^demonstrable ,n the m/acc s 

of the baby s erythrocytes were neganve and no free Rh anubody 


semiiu 
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Preirojts If one could depend cntircl) upon the raatcrniJ antibody titer as a criterion, this could be 
regarded as a case ^Mth onl) mild sensitisation and therefore ^Mth a good prognosis However the 
severe clinical condition of the infant, ^\lch deep jaundice and hemorrhagic phenomena called for more 
> igorous treatment than simple transfusion We felt that ss ith exchange transfusion the prognosis would 
be good and also that the need for repeated transfusions ould be obviated 

PrpctJure Group O t) pc rh banh blood as used One half of the plasma was removed and replaced 
SMth normal saline The bab) rccci\ed 490 cc ^^hllc45occ was rcmo\ cd over a period of about nmety 
minutes The baby withstood the procedure well 

Kaalrs On the following daj the hemoglobin concentration of the blood was 13 grams per cent and 
the red blood cell count was 4 15 million per cu mm There were 3 normoblasts per 100 white blood cells 
on the smear The jaundice faded in three da) s and the child was discharged as well 

Case h — ^Thc mother of this patient was first seen m the thirty sixth week of her third pregnancy 
She had had a spontaneous miscarriage at 4J months two )cars previously, and a spontaneous abortion at 
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Bleed of 

C roup end 
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il N type 
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Expectant father 


MN 

RhiRhi 

R>R> or R't' 

Expectant mother 

0 

MN 

rh 

rr 


months about one year later Three years ago she was operated upon for volvulus o c sma 
wd had had 8 feet of ileum removed She was given a blood transfusion po5topcrati\x y 
Findings Grouping and Rfa Hr tests done on the prospective parents gave the resu ts s o 

Test for Rh antibodies done on the mother s scrum ga\c the results shown in u c i 3 -nd beta 

In view of the difference in the blood groupw titrations were also cam out or a p 

anubodies in the mother s scrum The results of these tests arc shown m table L 4 j^mtclv 

Prognosis From the results of the Rh antibody tests, it was evident that the mo cr 
though weakly, sensitized to the Rh faaor, and that it was likely that the cxpcc 1 an 

mild erythroblastosis j mducc 

Proctdirre^hi order to spare the infant prolonged contact with the antibodies it was p ann 
* or about two weeks before terra and treat the infant with exchange transfusion ut 0 
^O^hroblastoiis developed The obstctncian elected to deliver the patient by cesarean sect 
wa^amed out at the end of the thirty-eighth week of pregnancy 

The infant a male, weighed 6 pounds and i ounce and appeared to be norma prams per cent 

)*undicc or hcpatosplcnomcgaly The hemoglobin conccncranon of the blood was i 9 ^ cells 

^^d the red blood cell count was 4 14 million per cu mm There was 8 normoblasts vr 
^ smear The icterus index was 14 units and the baby s blood typed as AMNRhir hemo- 

'venty four hours after birth, slight jaundice was noted and blood studies s o\ , mtiuoa per 
^ 0 m concentration had now fallen to 13 5 grams per cent with a red blood cell count 
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cum mm -mrmob^tsj^r ,cc ,vh.,c Wood cell, were «=n on the «n«r No hcpaoc or tpkme 
enlargement bad dcrelopcd The lerum bilirubin concentration was 5 5 mg /loocc 

Exchange iramfusion wa, performed with the admmistrauon of 510 cc blood from an A, Nth donor, 
and the removal 01 470 cc The bib) tolerated the proccdarc well 
Ktiuhs the di> follow mg the procedure the hcmoglobm concentration of the blood was 13 grams 
PCT cent and the red blood cell count 4 x8 million p-r cu mm The jaundice was unchanged and the 
infant app-ared well 

At this time there was an OutbreaL of diarrhea on the ward, and dcipite all precautions the paoent 
des-cloped loose water) stools and rapidly b-come dehydrated and aadonc The COt content of the 
lood fell to 11 volumes p*f cent and the patient was treated with starvation and parenteral fluids 
Blood culture was negatnt and the stool culture was negative for pathogens Feedings were reromed 
after twent) four hours when the character of the stools renamed to normal Two days after the onset of 
diarrhea the hemoglobin concentration of the blood bad fallen to 11 grams per cent and the red blood 
cell count to 3 ^ mtltion per cu mm The patient was transfused twice with 60 cc blood from group 0 
donors, and after the diarrhea was completcl)* controlled was discharged 17 days after admission 
When seen at the age of 1 months he was well he weighed 10 pounds and was not jaundiced 
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Mild Casts 


Case 11 — The mother of this infant was first seen in the thirty fifth wccL of her third pregnan^ 
Het first pregnancy had terminated prcmacmrly with the birth of a normal female child Her second 
infant, a female was earned to term and was delivered normally Both of these children arc Uving an 
well There was no history of the mother ever having received a transfusion or blood ia;ccnon 

Finding Grouping and Rh Hr tests done on the fiichcr mother and both children gave the ts 


shoivn m table xj 

The results of the antibody titrations done on the mother $ serum arc given in able x6 
Prfinajts These findings indicated that the expected infant would almost surely be Rh positive m 
therefore crythroblastouc, since the mother was sensitized to the Rh factor However, since c 
agglutinins m the maternal semm interfered with the dctcrminauon of the titer of amvalcnr anti i 

ifaDy,thcscvcntyofthcroanifcsauonsinthcbibywcfCDOtprcdicable r was 

PrsciJm Ubor w»s induced in the thirty ninth week of pregnxncy xnd ^ ‘ .nOVlrh 

immcdixtcly uexted by exchange timsfrision Oixr a period of one hour 5C0CC 0 b o 

donor were in,ected and 460 cc. 'Hie baby stood *e hemoglobin concenm. 

W/r No clinical symptoms of erythroblastosis evCT developed ® ^ ,^^bU 5 ts 

nnn at birth was J 7 4 grams per cent and the ted blood cell count 4,3 milhoo „ . j fnllowuig 

Tthc!^ sred blood cellsCOMNRhOwasnegative On the day follo«ag 
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the tran»:fusion the hemoglobin concentration was 15 5 grams Mild icterus made its app*arancc on the 
second da) of life but faded rapidl) thereafter Thebab) u as discharged on the fourth da) 

Case 13 — ^This as the mother s second prcgn2nc) Her first pregnane)' as normal and went to terra 
but labor s\a$ prolonged and the infant was dcli\crcd b) high forceps The child had no jaundice or 
anemia but its neonatal period was complicated b) convulsions said to be due to cerebral hemorrhage 
attendant upon the traumatic dcli\cry Routine Rh tests done in the course of the second pregnane)' 
revealed the mother to be Rh negate c and scnsitiicd to the Rh factor 

FtmJtngr Grouping and Rh Hr rests were done on thcfamiiy^ and the results arc shown in table zy 
Antibody tests on the mother s s*rum done at thirt^-six weeks were positive to a titer of z units b) 
the agglutination technic and to a titer of 14 units by the albumin plasma conglutination technic 
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Pregn^jtj Since the husband was almost surely homozjgous for the Rho factor c\cry child of this 
MDpJc was bound to be Rh positive In view of the moderately high titer of unnalent antibodies in the 
“Other s circulauon an etythroblastotic infant with manifestations of onI> moderate severitj was to be 

expected 

PmeJure In order that the infant be spared unnecessarily prolonged exposure to the Rh antibodies 
delivery was carried out about lo days before term This was done by cesarean secuon because of the 
“other s contracted pelvis Sterihzation bj hgation of the faJlopiafl tubes svas also done at this time 
At birth the infant appeared to be perfectly normal clinicaJly The baby was grouped and was found to 
Wong to group AB typcRhith and so was Rh positnxaseicpectcd Exchange transfusion was perform-d 
“*'ng blood from a group AB typerh donor Oscra period of forty minutes ySocc of blood were iny-cced 

"’hilcjiocc wcrcrcmoscd The baby withstood the procedure sen well Studies done on the co'd blood 

showed a hcmoglobm concentration of i8 grams per loocc with a red blood count of 5 ~S million 
“Uclcatcd red cells were seen on the smear Howescr the conglutination test for coating of infant s red 
cells by antibodies was positnc 
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Resuhi The baby never developed either jiuodicc or anemia It was discharged from the hospital oa 
the lotfa day and required no further transfusions Differential agglntination studies showed that a 50 
per cent replacement had been effectuated At 3 wcclcs postpartum the titer of anti Rh agglacintns in the 
mother s scrum had risen to 8B units while the antibody titer was shown to be 175 units b} the ilbunun- 
plasma conglutination technic 

In most scnsmzcd Rh-ncgativc women, there is a rise in Rh antibody titer fol- 
lowing the birth of the baby, probablj due to leakage of infant s blood into the 
maternal circulation during labor The ease just described demonstrates that such a 
nsc also occurs when delivery is accomplished by cesarean section, so that operative 
delivery does not prevent maternal sensitization In view of the vet)' high Rh anti 
body titer of the maternal scrum after delivery and the fact that the husband 
belonged to type RhiRhi, it seems obvious that every future pregnancy would 
almost surely result in death of the fetus before it reached the stage of viability 

Case IjJ —This infinc was referred ro us at the age of 2. days because of )auudicc which had first been 
nouced when the baby was 17 hours old The mother had had two previous prcguancics, and both 
children were ahvc and well The first had been entirely normal during us neonatal period while the 
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second had developed jaundice on the second day of life and rcco\trcd after a brief illness There was no 
history of the mother 5 ever having received any blood transfusions Antenatal Rh testing had not been 
done 

The patient appeared to be normal at birth but jaundice was noted on the morning of the second dap 
of life The hemoglobin concentrauon was found to be 10 1 grams per ant and the icterus mdci 50 uotu 
FtnJtnis Forty -eight hours postpartum grouping and Rh Hr tests done on the family gave the resu ts 
shown in table i8 

Anubody studies done on the mother $ plasma showrd that while no Rh antibodies could be dciDon 
straicd by the salmc agglutmauon technic weak ocuralcat antibodies %vcrc present m a titer of 3 
demonstrated by the albumin plasma method Forthcnnorc, umvalcnt antibodies could be demonsOTt 
m the infant s scrum also m a titer of x units Since there was a possibility of double scnsitiiaooa Ct® 
as well as to Rh) tbc mother s anu A and anu B titers were dcicnmned By the agglutiaauon ^ 
anti A was demonstrable m her serum m a titer of 40 onits^ and anti Bin a titer of ii units By i cp ai 

conglutination ccchmc the titer of anu A was 60 umts and anti B was 30 units j », A 

Frspjoist This then was a ease of doubl* though mild, scnsitizanon to both the Rh 

agglutinogen If untreated, the infant was bound to develop a mild but progressive an^i ^ 

require several transfusions if treated in the usual m a nn er In view of the low antibody titers 
was pracucaUy no danger of intravascular clumping ^drd 

FmtduTe In order to limit the number of transfusions required an exchange transfusioowas 

upon Four hundred cc. of blood were withdrawn from the i^ant and simultaneously . Vjrfcrap 

of blood from a group A type rh donor Following the transfusion 10 cc- of Witchsks s a 
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Half of the plasma was removed and replaced with saline Five hundred and forty cc were injected and 
480 cc withdrawn The baby withstood the procedure well 
Kesults At the end of the transfusion the icterus index was 45 unit^ and on the day following had 
fallen to 30 units The jaundice subsided rapidly and the baby was discharged from the hospital at the end 
of one week At the age of 3 weeks the hemoglobin concentration of the baby s blood was 14^^ grams 
percent At the age of 3 months the child was doing well and seemed to he developing normally 


Case — ^Thc mother of this infant was first seen by us in the thirty-seventh week of her second 
pregnancy Herfirst pregnancy had terminated with the birch of a male mfme who is well Followingthc 
delivery the mother had a pulmonary embolus from which she did not recover for several months She 
never had a blood or plasma transfusion She had been found to be Rh negative by ronunc antenatal Rh 
testing but no antibodies had been found until a few days before she wa5 re fer red to us 

Findings Groupmg and Rh Hr tests done on the father mother, and son gave the results shown m 
table 31 

No agglutinins could be detected 10 the mother s scrum and univalent jmabodics of only one umt atcr 
were found to be present by the albumin plasma technic 

Fr^gnosu Since the father was almost surely homozygous for the Rhe factor the exfreted infant would 
be Rh positive However the low titer of anabodics in the mother s scram made it qucsuonablc that the 
infant would be affected by the disease In fact if erythroblastosis did dfvelop at all the manifcstaaons 
would be expected to be very mild 

ProcedMTt I-abor was induced at the end of the thirty-eighth week of pregnancy and a normal appearing 
baby girl 'wcigbing 6 pounds was delivered The icteras index oi tbc Wood was 14 uniis asid 
hemoglobin concentration of the blood was 11-9 gramspercent with a red blood cell count of 4 33 million 
per cu mm There was one normoblast per 100 white blood cells 00 the smear No jaundice or hepato- 
spleoomcgaly was noted The albumin plasma congluonaaoo test for coating of the infant s cells was 
negauve though as predicted the baby was Rh posmve (OMNRhirh) 

Twelve hours later the laeras index had risen to 18 umts and it was deeded that an exchange trans- 
fusion be performed Blood was drawn from a donor who belonged to group O typ*rhaDdonchalfofthe 
plasma removed and replaced with normal saline to reduce the conglutinm content Over a penodof one 
and one half hours 500 cc of blood were injected and 450 cc removed 

Resuhs Twenty four hours after the transfusion the hcraoglobm concentration of the blood was 26 1 
grams per cent and the red blood cell count 5 4 million per cu mm The baby did not develop jaundice or 
anemia while in the hospital and was discharged with the mother on the fourth day At the age of one 
week the hemoglobin concentration was 13 8 grams per cent and the red blood cell count 4 66 million 
There was no jaundice present clinically and by dtffcrenaal agglutinaaofl tbc baby s blood t/p^ 
per cent t)rpc rh One week after delivery the utcr of univalent antibodies m the mother s scram had risen 
to 10 units by the albumin plasma tcclinic No agglutinins vsrrc demonstrated At the age of one month 
the hemoglobm concentration of the infant s blood had fallen to 8 4 grams and then rose spontaneous y 

ro 5 6 grams at the age of X months and to 2X.9 grams per cent by the age of 3 months Blood typing at 

this umc showed that all the erythrocytes typed as OMNRhirh the baby * original type The infant s 
subsequent course has been uneventful 


In retrospect, we consider this as a ease that would have done wellwiththc 
usual transfusion therapy or might even have recovered without any therapy at a 
This case occurred early in our senes and we were unduly iinpresscd with the s ig t 
anemia and the rise in icterus index that occurred after deliver) Subsequent!) , we 
have seen 4 eases which had similar minimal titers of antibodies in the matema 
serum Of these, x developed miid clinical signs of cry throblastosis and rccovcrc 
without thcrap) The other x had no clinical signs of the disease at all 


Casex? — T he morher of this patient was first seen bj us six months after her first pirgn^cy 

cenmnated one month prcmarorcl> with a stillborn ancnccphalic male T”? Il^'nd hiffb^ Hxr 

j^-ia Follo^^mg the deliver, she rece..-ed four transfusions of blood She had chills and high l-xr 
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following the first t« o of these but no reactions to the third or fourth It is not known whether the blood 
she rcccn cd was selected on the basis of Rh testing 

FinJirtfi Grouping and Rh Hr tests done on the woman and her husband gave the results shown in 
table jr. 

Tests for antibodies done on the w ife s scrum showed that svhilc no antibodies could be demonstrated 
by the saline agglutination technic univalent antibodies of 4 units titer were shown to be present by the 
plasma conglutination method 

Six months later the antibod) studies were repeated and this time no antibodies could be demonstrated 
by either the agglutination or the plasma conglutination technics 

About SIX months after these tests were done she became pregnant again and tlic results of antibody 
tests done on her serum throughout her pregnancy are shown in table 33 


Table 31 


Blood of 

Groul and 
suhiroup 

If N type 

Rk Br type 

I Phenotype 

j Genotype 

Father 

1 

0 

1 

M 

RhiRhi 

R>R> or RV 

Mother 

A, 

MN 

rh 

rr 

Son 

0 

M 

Rh,rh 

Rh- 


Table 3a 


1 



1 Rh Br tyPe 

Blood of 1 

C roup and 
tmbgroup 

UN DU 

Phenotype 

1 Genotype 

Husband 

Ai 

M 

' RhiRh, 1 

' RiR» or RV 

Wife 

1 Ai 

1 

' MN 

rh 

' n 


Table 33 


Week of test 

Titer hy agglutination technic 

Titer hyaihumm plasma tecknie 

3 th Week 

0 

0 

week 

0 ' 

0 

18th week 

0 i 

0 

IJth vvcck 

1 0 

; r 


Freinoits Dchveiy was accomplished by cesarean section at the end of the thirty seventh week of 
Ptegnancy A blood count was done immediately after birth and showed that the hemoglobin concentra 
non of the blood was la 7 grams per cent and the red blood cell count was 3 8 million per cn mm There 
were 10 nucleated red blood cells per too white blood cells on the smear In view of these Bndmgs an 
^^Aange transfusion was earned out with the administration of 500 cc. of group A type rh blood and 
the removal of 4a5 cc of infant s blood 

Rr/*/rr The infant withstood the procedure weU and on the following day the hemoglobm concentra 
non Was 17 i grams per cent with a red blood cell count of 5 63 million The baby never became jaundiced 
"td was discharged on the eighth day When seen at the age of 3 months the baby was well had gamed 
weight normally and appeared to be alert and active 

Comment 

The ease histones have been presented in considerable detail because it is only in 
relation to the seventy of the individual case that the efficacy of the exchange 
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Table 34- — Summary #/ Casts Studstd AssStnaSally 


Cue 

number 

Ffttber* Group 
and Eh Hr type 

Mother s 
group and 
RhHr typo 

M&temal Rh antibody titer 
(onita) 

Infant t group 
and Rh & 
type 

Qhucal Summary 
»e« bottom of tame 

Kesolta 

AegluU 

nation 

Method 

Couglatination 

Method 

14 

ORh rh 

Ai rh 

0 

1400 CBI 3x) 

0 Rhsrh 

Died oa xnd day 

IX 

0 RhiRhs 

Ai rh 

0 

iix (Bl x) 

0 Rhirh 

Died on 3rd day 

5 

Ai Rhirh 

Orh 

0 

44 CBl 6) 

Ai Rhirh 

Recovered 

7 

0 RhiRhi 

Ai rh 

0 

30 

At Rhirh 

Recovered 

j 

Aj RhiRhi 

Ai rh 

0 

IL* 

Ai Rhirh 

Recovered 


0 RhiRhs 

Orh 

0 

4 

0 Rh.rh 

Recovered 

^7 

Ai RhiRhi 

Ai rh 

0 

i 

Ai Rhirh 

Recovered 

XI 

Ai RhiRhi 

0 rh 

0 

li 

Ai Rhirh 

Recovered 

x6 

0 RhrRhi 

Ai rh 

0 

I 

0 Rhirh 

Recovered 

10b 

0 RhiRhi 

Orh 


^6 

0 Rh,rh 

Died edematous 







and deeply 







jaundiced 







after 14 hours 

101 

0 RhiRhi 

Orh 

IX 

15 

0 Rhirh 

Died at 6 days 

13 

0 RhiRhi 

Orh 

4^ 

xo 

0 Rh,rh 

Died at 3 days 

XX 

0 RhjRhs 

Orh 

36 

xo 

ORhi 

Recovered 

3 

0 RhiRhi 

Orh 

7 

xo* 

ORhi 

Recovered 

4 

Ai Rhith 

A,B rh 

16 

14 

B Rhjrh 

Recovered 

13 


B rh 

X 

14 

AB Rhirh 

Recovered 


Ai Rhirh 

Ai rh 

6 

10 

Ai Rhirh 

Recovered 



0 rh 

i 

8 

Ai Rhirh 

Recovered 

^7 

At RiiiRh 

Orh 

li 

3 

At Rhirh 

Recovered 

XI 

_ 


64 




Died a few hours 







after trans 







fusion 


* All tJiraoons by congluuQaaoa method in albumin plasma except eases indicated by asten 


which were done by plasma method , .t ? Lmr 

Abbreviadons used 11“ icterus index Eb “ erythroblastosis Bi •” titer by bloc ng le 

CUNICAL SoHHARY Casis 4 Ptimipara Sensimed by pooled serum injecaons &sarean secnon 

at 31 svks. Hb-6 3 Gm. cells coated free aoabodies 400 umts. Cast sz. Previous stil in tare 

secaonat36wIcs si lb. Coated ceUs Hb-g Gm. 164 nucl. RBC Casts 

Normal term birth Cells coated Double seosituaaon Req supplement trans " ^ 

died of Eb Ubor induced at 38 wks Amn. fl. yeUow Cells coated Fr« aotibo y in a I’’ 

C«,r Cesarean section 38 wks. Hb ii Gm 6 g nncl RBC 11 35 Cells coated 
child Eb Hb 16 Gm. Bank blood used. Slow fall in Hb to 10 5 m n 

Castsr Sensinaed by transfusion foUoswng birth of anencephahe raonsKr jl-7 

Sc L.. Dd r-f" 

Gm. U 14 Dev diarrhea and unnaiy tract infecuon. Cart aif Hb la-g H ad ihruout 

?"ated blcause of nse in icterus index. Car, rr« Sibhng of Case toa , ^h 

pregnancy Cesarean sect. 34 -^s Cells coated 45 nucl. RBC Hb 5 8 Gms. I j.Tream 
I 000 cc. exchange Cast sea l presious suUbirth. Cesarean section at 34 

,8 nucl. RBC Cell, coated I L 70. Carr r/ First child normH N^ghgible 

1x0 nucl RBC CeUs coated. Cast zs. Hb 17 4 Gm No nud RB j j 

icterus Casts Hse eariy misc^ages P['S for ou^ 

Cyanosis and lauodice Cast s Induced at 37 "J,’ “ ® ^ RBC Cells mimmally coated. 

Jrray Section for contracted pelvi.at ,g »Vl RBC S, coated Free aunbodr 

Cast , Cesarean section at 37 Hb 1,4 G>°- ” Hb ,5 Gm U act Slight 

m baby, serum Jaundiced for one sveek Carr ay Induced at 3, 



ALEXANDER S WIENER AND IRVING B WEXLER 


31 


transfusion can be evaluated Unfortunately, no comparable senes of cases 
subjected to other t) pcs of treatment, such as simple transfusion therapy, is avail- 
able for companson As we and others have shown elsewhere,*’ *’ the most re- 
liable indication of the severit) of the disease is provided by antenatal studies of 
the Rh antibodies in the maternal scrum as well as through studies of the Rh 
antibodies in the infant s blood This is demonstrated in table 34 which sum- 
marizes those cases that were studied antcnatallj 
Before discussing table 34 a few words arc necessary concerning the relative roles 
of the bivalent and univalent antibodies in the pathogenesis of erythroblastosis 
Whereas originally our tendenej was to ascribe almost equal importance to the two 
binds of antibodies,' the demonstration that the intact placenta allows blocking 
antibodies (glutinins or univalent antibodies) to pass across freely while holding 
back agglutinins (bivalent antibodies) has convinced us that the latter play only a 
subsidiary role in the disease ^ In fact, the presence of agglutinins in the maternal 
scrum may be entirely misleading, and in one case seen by us recently with an 
agglutinin titer of more than 100 units, the Rh positive infant subsequently bom 
showed hardly any evidence of erythroblastosis On the other hand, we have en- 
countered no case with a significant titer of univalent antibodies in which an 
entirely normal Rh-positivc fetus was subsequently bom Nonetheless, the presence 
of agglutinins is of some significance since it indicates that the mother has been 
sensitized so that her semm may well contain univalent antibodies in addition 
Unfortunately, agglutinins react equally well in plasma and saline media, so that 
unless the univalent antibodies contained in the same semm are of significantly 
higher titer their presence would not be demonstrable with the methods available 
at the time that our cases were studied * Based on this concept one would expect 
that the severity of the manifestations in the erythroblastotic baby should depend 
upon the titer of the imivalent antibodies in the maternal semm as well as upon 
the length of time that they were present antcnatally To demonstrate this, the 
cases have been arranged according to the titer of maternal univalent antibodies at 
the last test before delivery For the reasons just discussed these cases are divided 
mto two groups, depending upon whether or not antibodies were also demonstrated 
by the saline agglutination method 

As shown in table 34, the seventy of the manifestations parallels the titer of 
Univalent antibodies in the maternal semm The 5 infantsf who died comprise the 2 . 
'vith the highest titers in the first group and the 3 with the highest titers in the 
second group In case xi in the second group, the infant was but mildly affected, 
though the titer of the maternal antibodies was relatively high, in this case, the 
tuaternal serum most likely contained agglutinins with only weak accompanying 
univalent antibodies 

In table 35 are summarized those cases in which antenatal tests had not been 

* Utilizing the differences in behavior of univalent and bivalent antibodies such as the difference m 
fcsisunce to heat, simple methods have been devised vvberebj univalent antibodies can be detected 
upite the presence of strong agglutinms 

t Thu do-s not mclude case n, because we had no access to the mother of this baby and so could not 
°° uu*' °wn antib ody studies 

coating of cells. Treated after rise in I L to 65 after hours Carr rr Prevuous infant henoljt 
anemia Ft term birth Double scnsiuraaon. Rcq suppl trans with A rh blood Cut ji Babv in 
esperate condition vv hen seen at age of four daj s 
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done, because the patients were not seen until the infants had developed obvious 
manifcstauons of erythroblastosis Here again the correlaaon between the titer of 
maternal antibodies and the prognosis is apparent, since the only infant that died 
IS the one whose mother had the highest antibody titer 
Observation of the infants treated by exchange transfusion immediately con- 
vinced us of the efficacy of the treatment so that we did not feel justified in with- 
holding the treatment from any patient merely in order to set up a control senes 
artificially Since progress in the technics of demonstrating antibodies*^ has 
paralleled progress in therapy of the disease, even our own previous senes do not 
constitute adequate controls becrausc of incomplete serologic information In 


T abl b 35 — Cmjh S(tn far fix Ftrst Ttmt after Berth 


Casc 

Father^! Group 

Mother s 
Group and 

liter of Maternal Antibodies 
(unita) 

Baby s Group 
and Rh Hr 
type 

Clinical Summap' see 

Number 

andRh Hr type 

Rb-Hr 

type 

ACThih 

oaticm 

Method 

Copghiti nation 
Method 

Eaaltj 

■ 

Ai RhiRhi 

A, rh 

0 

lOQ CBl 4) 

0 Rhirh 

PcrsstcDC deep jaao 
dice. Dev sepas 
aod died it X mo 


0 RhiRh, 

Ai th 

0 

40 (B 1 ij) 

ORhirh 

Recovered 


A\ RJiiRbi 

Orh 

0 

3 

Ai Rhjrh 

Recovered 


B RhiRh, 

Orh 

XO 

70 

0 Rh,rh 

Recovered 


ORhirh 

Orh 

30 

40 

0 Rh,rh 

Recovered 


Ai Rbith 

A, rh 

g 

40 

ORh. 

Ripd recovery 

iS 

Ai RhtB-hL 

Ai rh 

XX 

x8 

ORhirh 

Recovered 

XO 

0 Rhirh 

Brh 

li 

li 

ORh,rh 

Very rapid recovery 


CuKicAL SuuuABY Cajc ij Pncup Transf loyrs prev Hb 5 8 Gm Cells coitcd ll 40, free 
jinabody in b*by$ scrum 40 amts Cau 6 Pallor Jaundice. (LI 60) Hb ii 4. Cells coated Free 
anabody Hcpatosjdcnomcgaly Cait ^4 Jaundice. Hb lox, II 80 Cells coated Frccanabodyin 
baby s scrum. Cast 2. Jaundice, shoclc, pcccchiac. LI. 60 Hb 8 8 Gm Cells coated Cast j( Janodicc 
severe Hb 16 5 Gm. No crytbroblascs Cast X Normal at brih. Severe jaundice at 48 hrs Hb ii 7 
Gms 7 nucl RBC Ctfjir r# Jaundice, pallor, Hb 8 i gms 15 nucl RBC,ILxao Cells coated. Free 
annbody in baby s serum. Cast 29 Hb 11.3 gms , I L iix. Pctechiac on forehead. Cells nor coated 


arranging the cases under the headings above, both the serologic findings and the 
seventy of the clinical manifcststions were taken into account, and it should be 
emphasized that m some of the severest cases (cases i, 4, 7 recovery after 

treatment was so rapid that it differed strikingly from anything experienced before 
this new type of treatment was insntutcd It is true that 7 babies died despite 
treatment, but the chnical and serologic findings indicate that at least nvicc as 
man) might have died if treated in the orthodox manner, namely, by multip e 

small transfusions of Rh-ncgativc blood 

In the infants who responded to treatment the results were particular!) gnti ) i g 
for two reasons (1) The treatment besides being simple, was efficient, and on ) a 
few babies required supplementary treatment In our opinion, it is simpler to 0 
single exchange transfusion than to do repeated simple transfusions, asi c r 
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^Mtcr cfRwcy of the former In those cases that required supplementary trans- 

- mtercurrent 

comp cation unrelated to erythroblastosis, made further transfusions necessary 
W All the infants who recovered developed normally, both physically and men- 
«ily, without any sequelae of liver or brain damage 

suggested that the infants who died succumbed 
KI j amounts of citrate used as an anticoagulant in the transfused 

lood iividence>' is available that the citrate is rapidly metabolized by the infants 
w 0 su^ived and it is clear from the case histones that the infants that did not 
recover died in spite of, and not because of the treatment The best disproof of the 
t cory of citrate toxicity is our recent observations in which we were able to save 
ants by doubling the amount of blood used for the exchange transfusion despite 
[ maternal serum of antibodies with titers which were uniformly 

c a when only 500 cc of blood were used There is no doubt that there is some 
^gree of toxicity when the exchange transfusion is done too rapidly and a tempo- 
miy hypocalcemia results This is readily counteracted by the cautious admimstra- 
tion of calcium gluconate * If the infants show no hypocalcemic symptoms at the 
tc^nation of the procedure no delayed action of citrate need be feared and no 
ca auin need be administered The other possible effect of the citrate, namely, to 
pro ucc an alkalosis, would be expected to be salutory rather than harmful since 
pP^ ®^y prevent serologic clumping and promote excretion 

0 ^ c products of hemolysis One infant (case 15) died from pyemia, possibly as a 
^ r of infection introduced through the use of bank blood, and this is the only 
* could conceivably be attributed to the treatment itself 

ith regard to the technic of the procedure, the method used by us, besides being 
IS safe We have had no operauve mortahty in a senes of 40 transfusions 
pertormed to date The use of heparin docs not appear to be harmful or dangerous 
smcc It Causes no tendency to bleed except from damaged or cut blood vessels and 
c hepatin effect is nullified by the ame the procedure is completed Different 
^ Ti * performing exchange transfusions have been suggested by other work- 
regard to the syringe method of Wallcrstcin,’' this does not lend itself 
c use of large amounts of blood except perhaps for operators with considerable 
expcnence and a high degree of technical skill Some objccnons have also been 
se to the use of the sagittal sinus as the avenue for withdrawing blood The 
mgemous umbibcal catheter method of Diamond” has been widely used and has 
considered by some workers to be simpler than the method desenbed by us 
^ modification of Diamond s original method has been devised whereby 
c catheter is inserted through an incision into the femoral vein at the groin 
‘•^ough the umbilical vessels ” The theoretic objecuon to the catheter 
od may be raised that it is a blind procedure and would appear to be unng to 
operators, since syringes must be continuously used to aspirate as sscll as to 
jeet the blood More important the method is somewhat dangerous since \\c 

■ tob ' “produced slowly and always dircctlj through the infusion cannula It is ncsxr injected into 


the 
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know of at least two deaths from air-cmbohsm that have occurred, and others in 
which death resulted from thrombosis and from hemorrhage into the peritoneal 
cavity Also, technical failures have occurred even in expcnenced hands when the 
umbilical vessels could not be catheterized Furthermore, the procedure usually 
cannot be carried out after twenty-four hours when the umbilical vessels close up 
On the other hand, in our own senes of over 40 exchange transfusions performed by 
using the radial artery for bleeding and the saphenous vein for the infusion, we have 
not had a single technical failure or operative mortality 

Summary 

I In the authors technic of exchange transfusion, citratcd blood is introduced 
into the saphenous vein at the ankle and the infant s blood simultaneously with 
drawn from the radial artery at the wnst, coagulation being prevented by the ad 
ministrauon of small amounts of hepann The procedure besides being simple, is 
safe, there having been no operative mortality in more than 40 transfusions 

L The results of exchange transfusion therapy in erythroblastosis in our first 
l 8 cases arc presented Of these l 8 cases, 16 were very severe and almost certain!} 
would have been lethal if left untreated, 6 were of moderate seventy , and 6 were 
mild Only 7 of the infants died, and the available data indicate that the mortahty 
would have been at least twice as high had the usual treatment with simple traos 
fusions been given 

3 Aside from its greater efficacy in reducing mortahty, exchange transfusion is 
more efficient, so that supplementary treatment is not required as a rule 

4 Fresh blood should be used instead of bank blood because of its greater sur 
vival time and smaller likelihood of introducing infccuon 

5 All infants who have survived have developed normally both physically and 
mentally and have shown no sequelae of hver or brain damage 

6 The most reliable index of the seventy of the disease in the crythroblastocic 
infant is provided by antenatal titrations of the maternal univalent Rh antibodies, 
as well as by tests for the presence of univalent antibodies in the infant s blood 
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RECENT STUDIES OF MULTIPLE MYELOMA STERNAL AND RIB 
PUNCTURE AND THE RESULTS OF TREATMENT 
WITH STILBAMIDINE 

By Simon Propp, M D , L Whittinoton Gorham, M D , and Samuel 

Kantor, M D 


M ultiple myeloma is commonly known as a malignant disease char- 
actenKd by bone pain, deformity and abnormal fragility of the osseous 
system, cachexia, and Bence-Jones proteinuria The tumors tend to be multiple 
They arc found most frequently in the spine, nbs, skull, bones of the shoulder 
girdle, pelvis, sternum and upper ends of the humcn and femora, where active 
blood formation occurs in the adult 

In 1845, Bence-Jones* found an unusual protein in the unne of a patient who com- 
plained of pain in the chest, back, and loins This protein, which coagulated 
at 55 to 60 C and redissolvcd upon boiling, has since been known by the name of 
the discoverer Von Rustizky,- in 1873, first described a condition with multiple 
tumors of the bones which consisted of proliferating elements of bone marrow, 
under the title Multiples Myelom Kahler* associated Bence-Jones proteinuria 
with multiple myeloma in 1889 The term Kahler s disease is frequently used as a 
synonym for this condition 

The pathology of multiple myeloma has been considered to be that of a neoplasm 
of the bone marrow in which the cytology varies depending upon the type of 
marrow cell involved There is a diffuse proliferation of the malignant cells within 
the marrow Atkinson* has summarized 643 cases of multiple myeloma Of these 
107 were classified as plasmacytoma, ay myeloblastoma, X4 myelocytoma, 16 
lymphocytoma, 5 erythroblastoma, 3 l mixed, and 331 were unclassified More 
recently, since the advent of the use of sternal marrow aspiration for diagnosis, 
reports on multiple myeloma have been almost entirely of the plasma cell type and 
there has been a definite trend to regard this disease as of plasma cell origin only ‘ ' 
The laboratory findings useful in diagnosis may be listed as follows Bence- 
Jones proteinuria, hyperglobulineima, excessive rouleaux formation of erythrocytes 
with clumping in Haycm s solution, and rapid sedimentation rate, osteoporosis b) 
x-ray, hypercalcemia with normal or moderately elevated alkaline phosphatase and 
scrum phosphorus values, anemia, myeloma cells* in the peripheral blood, and 
myeloma cells in marrow aspiration The latter finding has come to be regarded as 
pathognomomc of this disease A positive marrow aspiration or surgical biopsj 
IS necessary to establish the diagnosis 

The course of multiple myeloma is progressively fatal over a period of a few 
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months to six years or longer from the time the diagnosis is made ‘ Treatment has 
been palliative Roentgen therapy, nitrogen mustard, and radioactive phosphorus 
have shown no curative value Snapper^ * has introduced an interesting new 
chemotherapeutic agent in the treatment of this disease He has apparently ob- 
tained relief of pain repeatedly in patients with multiple myeloma by the use of 
stilbamidinc and pentamidine Stilbamidine has proved very effective in treating 
visceral leishmaniasis Because this disease and multiple myeloma are accompanied 
by hypcrglobulinemia, it was reasoned empirically that stilbamidinc nught be of 
value in both Kopac® has indicated that stilbamidine may act on nucleoproteins 
by demonstrating, in vitro, dissociation of protaminc-ribonuclcate complexes, the 
stilbamidinc releasing protamine and simultaneously binding nucleic aads Snapper 
has shown that following treatment of patients with multiple myeloma with 
stilbamidinc, on a low animal protein diet, large basophilic inclusion bodies ap- 
peared in a high percentage of the myeloma cells These were produced only in the 
presence of hyperglobulinemia or Bence-Jones proteinuria and appeared in iz of 
13 patients with increased blood globulin He has demonstrated that these in- 
clusion bodies contained ribosc nucleic acid, by studying the action of ribonucleasc 
On the granules and by the use of the quartx microscope " Stilbamidinc was found 
by analysis in myeloma tissue obtained at postmortem examination eight days after 
completion of a course of this drug He has advanced the theory that stilbamidine 
reacts with the cytoplasmic nucleoproteins of myeloma cells only, and not with 
nucleoproteins of other cells A high protein diet, according to Snapper s theory, 
interferes with this reaction He has suggested that pain is relieved because mye- 
loma cell proliferation is arrested Lack of expansion of osteolytic lesions for some 
time after cessation of treatment was demonstrated in some patients This occurred 
despite the fact that the percentage of myeloma cells in the marrow smears was not 
shown to decrease No changes in the myeloma cells were found after treatment 
with pentamidine, although relief of pain was obtained 

^ feeling of formication about the face was common accompanying the injec- 
tions of stilbamidinc A high incidence of dissociated anesthesia of the trigeminal 
tterve occurred two and a half to five months following treatment This caused 
Considerable distress in the form of severe persistent itching in only one of Snapper s 
patients In most cases the discomfort gradually subsided No toxic effects were 
produced on the liver or hematopoietic system Renal failure was precipitated in 
two cases ard caution was advocated in treating patients with renal damage and 
insufficiency ■ 

Ten out of eleven patients treated only with stilbamidine by Snapper ivere rc- 
heved of pain Pentamidine was used successfully in the one case in which stil- 
bamidinc failed In two cases pentamidine was ineffective but subsequent use of 
stilbamidine caused the pain to disappear Recurrence of pain required repetition 
of stilbamidinc treatment and it was emphasized that although progress of the 
disease was temporarily checked no cure was obtained 

This article deals with a study of six cases of multiple myeloma admitted to 
the Albany Hospital within a relatively short period of time An opportuniti uas 
Ptesented to study myeloma cells before and after treatment \sith stilbamidinc, 
and to observe the clinical effects of this drug 
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Methods 

Each case received a complete hospital work-up with appropnate laboratory and 
x-ray studies Sternal marrow aspiration was done in all cases before and after 
treatment with stilbamidine In addition, rib marrow punctures* were performed 
on four occasions Because of the great dependence placed on marrow puncture m 
the diagnosis of multiple myeloma, a more elaborate techmc was developed which 
differed somewhat from that previously described *■* Changes in procedure consisted 
in using hepann solution and i cc syringes for marrow aspiration Heparin solu- 
tion contaimng ten muts per i cc f was used in sufficient amount to wet the syringe 
only This syringe was then utihzed to aspirate o a cc of marrow flmd The heparin 
prevented clotting, and subsequent steps could be carried out at the leisure of the 
operator Coverslip smears were made directly from the marrow flmd without mix- 
ing A cresyl blue wet smear and two supravital smears were then made The 
fluid remaining was ejected onto a hollow slide Marrow bits were identified by 
tilting the slide and these were picked up with pipets and smears repeated The 
marrow mixture was then placed in a Wintrobc hematocrit tube, centrifuged, and 
a third set of preparations made from the buffy layer The dry covershp smears 
were subsequently stained with Wright s stain and a peroxidase- Wright s stain 
was done on a selected smear This method of procedure gave three possibilities of 
securing a representative sample of marrow cells, and precluded the chance of miss- 
ing the diagnostic picture from chance selection of material for smears, dilution 
with sinusoidal blood, and rapid clot formation in the aspirating syringe 
Rib puncture was performed in the scapular Ime The skin and periosteum were 
anesthetized with procaine in a manner similar to that employed in sternal punc- 
ture The margins of the rib were grasped between the thumb and index finger to 
ascertain the rib center A sternal puncture needle i 5 cm or less in length was 
used because of the possible danger of entering the pleural cavity J The center of 
the nb was bored with a rotary motion of the needle and the marrow cavity entered 
in a fashion similar to sternal puncture The same preparations of marrow smears 
were made as enumerated above § 


* Rib marroM puncture was first perfomicij ou one case suspected of nb mabgnancy immediately post 
mortem The procedure s\as so simple and the results so sansfactor) that it was performed later on a 
patient diagnosed clmicallj as muluple myeloma when sternal puncture svas unsuecessful A second stcr 
nal puncture and the nb pimeture which was done m an area termed pathologic by the roentgenologist 
prosed to contain normal bone manow The pauent subsequently recovered Smcc then nb punctures 
have been performed on sixteen patients and excellent marrow preparations obtained A requisite for 
nb puncture is the careful palpanon of the selected nb Puncture should never be done if the nb is not 
casil) palpable 


I Lilly s soluuon o^ sodium hepann 

J It ssas found by punctunng nbs during post raoncm cxaminauons that if considerable force were 
exerted the tip of a 1 5 cm needle could be forced through the parietal pleura of a thin person A i cm 
needle could not be made to penetrate completely through the nb A very definite give vm f 
expenenerd sshen the outer thin bon) plate of a nb ssas pierced and the matross cavity 
sensauon was not insanabl) felt hossxver so that aspiranon was alwa) s attempted sshen the n^le wu 
firmly fixed m the bone Then the needle ssas slowl) advanced until marross fluid was obtained or t e 
sensation of entenng the marross casity cxpcnenced 

5 Comparison of rib and sternal preparations haveshossm a similar marrow picOTC in 13 
whL both were done immed.atel) foUowing each other Vanat.ons in amount of marrow matena 
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The eases of multiple m)cloma were treated with snlbamidine according to 
Snapper s method, as follows The stilbamidine was dissolved in lo cc of sterile 
distilled water and used immediatel) Injections were given intravenously, start- 
ing with a dose of 50 mg One hundred mg were given the following day, and then 
150 mg daily for a total of lo treatments which constituted the usual course 
Atropine sulfate Gr 1/150 was given hypodermically 30 minutes before each in- 
jection to prevent or minimize immediate vasomotor reactions as recommended by 
Snapper The total dosages of stilbamidine and the diets given to each patient are 
listed in table 2. 

The clinical and laboratory findings and therapeutic results arc illustrated in the 
following case histones 


CASE 1 

A S a 61 ) ear old white male office worker, was admitted to the Albanj' Hospitnl on Jan 7 1947 
He had been ill for 3 months with unexplained fever Two weeks before his hospital admission he de 
veloped pain in his left chest which was aggravated b) cough and deep breathing Ph>sicaJ examination 
revealed a fever of 101° and ev idencc of pneumonia m the left lower lobe which w as ednfirmed by x ray 
The liver was enlarged and tender The heart had itrcgnlar rhythm and there was a loud blow ing apical 
systolic murmur An electrocardiogram revealed auricular fibrillation and low T waves with slurring of 
QRS in the standard leads indicating myocardial damage Hemoglobin was 7 5 Gm red blood cells 
1 000 000 white blood cells 8 150 segmented neutrophils Soper cent lymphocytes 14 per cent, and roono- 
cytes 6 per cent Erythrocyte sedimentation rate Wmtrobe was 10 mm in one hour 

The patient s pmcnmonia was treated effectively with penicillin and three 500 cc blood transfusions 
He developed a nonpurulent, stenie, pleural effusion Abnormal clumping of erythrocytes was noted on 
routme blood counting and because of this finding he svas studied for muluple myeloma The urine was 
positive for Bence Jones protein and showed a i plus albumin Serum protein was 115 Gm jier cent total 
with albumin i 6 and globulin 9 9 Gm per cent an A-G ratio of o 16 Serum calaum was ii 9 mg per 
i^t phosphorus 3 1 rag per cent alkaline phosphatase 5 9 Bodansky units, and NPN 60 mg per cent 
X-ray examinations of the skull and nbs were normal Sternal puncture revealed marked replacement of 
normal marrow elements by plasma cells These made up 91 per cent of a 500 white cell differential count 
This established the diagnosis of multiple myeloma 

Treatment was earned out with stilbamidine Eighteen injections totaling 1 7 Gm were administered 
Because of the poor nutntional state of the patient no restricuon of protein was ordered Unpleasant 
effects of the injections consisted of transient prickly feelings about the mouth eyes and ears at the ume 
of treatment and recurrent nausea and vomiting These roanifesutions were not severe Sternal puncture 
following the course of stilbamidine showed that 34 per cent of cells in the marrow smears were of the 
myeloma type Arurophilic granulation was noted in the cytoplasm of some of these cells but no baso- 
philic inclusion bodies were found , , 

The patient was discharged without improvcnicnt m bis gcncraJ condition He subsequent!) expired 

on May 15 3 months from the time his treatment was concluded No autops) ssas obtamc 

Comment 

The diagnosis of multiple myeloma was only suspected in this case because of 
the abnormal clumping of erythrocytes noted in Ha)xm s solution in a routine 
blood count His first presenting symptom of unexplained fever sMthout pain was 
atypical Confirmatory laboratory findings of h)pcrglobuIincmia and Bcncc Jones 
proteinuria were offset by negative x-ra) examinations of skull and ribs Diagnosis 
was established by sternal puncture Treatment wi th stilbamidine vMthout pro- 

•lowcvcr have been obicnxd Further studies on rib puncture as a pro'cdurc to compl-mcnt or sup,"'!* 
Sterna! puncture arc being made 
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tcin restriction failed to effect a remission in the course of the disease or to pro- 
duce basophilic granulation in the cytoplasm of the cells although hypcrglobulin- 
emia was present 


CASE L 

R L , a 58 year old Italian male, was admitted to the Alban) Hospital on January 18, 1547 with a 
chief complaint of vertigo For ten days pnor to admission he had repeated, transient attacis of dizziness 
and weakness and for six months had suffered from generalized headaches There was a weight loss of 15 
pounds dunng this pmod He had had an acute infection in the right ear three weeks before admission, 



FlOS 1-3 X RATI OF SxULL, CaSB X, R I« 

Fio I January 15 1^7 before treatment with stilbamidinc 


which had subsided Eiaminauon revealed moderate tenderness over the left temporal *°^nrc 

to the car The Romherg test ssxs strongly posiuve with the patient faUing to the nght B 

was 160 mm of mercury systolic and too mm diastolic A rontme x-ra) of the skull sho 

small pnnehed-out areas of decreased density (fig i) Further studies of the 

evidence of active bone destrncoon in the jth Inmhcr s-ertebra and some ° 

third Inmbar segments Laboratory examinations showed hemoglobin 13 grams, red b 4 

white cells 10,000 with a normal differential connt, blood „ A-C 

«mm protein tx.i Gm per cent albnmin 3 7 Gm per^t. ”,W^n= phosphatase 3^ 

raao of o-, semm calanm 10 s mg per cent, phosphoms 3 8 mg Pf ^ouod on 

Bodansky nnits NPN39mg percent creatinine o 9 mg percent NoBcoceJ pr 

repeated tests Sternal poncnirc preparations contained 19 5 per cent plasma cc 
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The piticnc was giscn a coarse of ao in)ections of scilbamidine totaling a 85 Gm The diet was not 
restricted He complained of burning of the shin lacrimation, salivation, bilateral tinnitus and restless 
ness as an immediate reaction to the drug administration These complaints subsided within a few mm 
utes following the injections Four w^ehs following treatment a sternal puncture revealed a reduction of 
mjeloma cells to 6 a per cent The majoritj of these cells 83 8 per cent showed large basophilic inclusion 
bodies in the C)Uoplasm which were identical with those described by Snapp*r • A roentgenogram of the 
skull indicated a definite increase in the areas of decreased densit) (fig a) Subjectively the patient felt 
gencrall) improsed, and the headaches and dizziness were relieved Fne sveelcs after completion of his 
first course of stilbamidine he had a recurrence of severe generalized headaches and aching pain m the 


Fio a April j, 1547, five sveeks after completion of first course of sulbamidine 



Itfflbar spine A second course of the drug consisting of i 35 G™ 6''’=° 7 “ * w orL 
the patient on a low animal protein diet Relief of symptoms occurred and he return S 

ivceks after this course of treatment he complained of numbness about the mouth im ‘"S ™ 

the face No neurologic changes were noted Later intense burning m this repon occurred 
ft night This still persisted after SIX months of observation Rib puncture on &pt 9 >M7 

^ months following his first treatment and four and one half months after his seemd cours- of sn 
t»midine revealed 58 8 per cent myeloma cells Basophilic inclusion bodies "'"f ‘ 

“tit of the cells There were a 3 per cent plasmablasts Skull x ras at this time showed further increase 
"t the osteolytic lesions (fig 3) 


Comment 

"The clue to diagnosis in this case was obtained from an x-ra) of the skull ta 
l^tiuse of the patient s complaints of acrtigo and headaches The possibihts ol 
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multiple myeloma had not been previously entertained Further osseous lesions 
in the lumbar vertebrae and hypcrglobulincnua were confirmatory evidence 
Sternal puncture established the diagnosis of multiple myeloma 
Treatment with stilbatmdinc without restriction of anunal protein not onl) 
produced a remission of symptoms but also caused typical basophilic C}’toplasniic 
inclusions in the majority of myeloma cells This occurred at a time when osteo 
porotic lesions in the skull were increasing in size A severe persistent trigeminal 
neuropathy followed a second course of treatment Basophilic inclusion bodies 




Fio 3 September 4 1547 six months alter first courtc and four months aiter second conne of itil 

bamidine 

were observed in the myeloma cells obtained from nb puncture four and one half 
months after treatment was concluded 

CASE 3 

C S H , a 47>ear old sshite male was admitted to the Albany Hospital on Feb x 6 

ill for 9 months with pain in his ribs progressis e •vveatness and fatigue, loss of vrcight a' *^caled a 

He vras told that he was an-mic four months before admission to the hospital 

pale thin patient who appeared chronically ill There was tenderness to pressure ‘ ‘ 

brUrcrally There was a soft blowing apiol cardiac murmur The liver edge was pa pa 

below the costal margin Ophthalmic examination revealed presbyopia onl) 
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Ltlcraicry itajus Posituc test for Bence Jones protein and 4 plus albuminuria, hemoglobin 10 Gm , 
red blood cells 3,310 000, white blood cells g 300 svith a normal differential count, Wintrobc sedimenta- 
non rate II nun in one hour Mood WassTmann negative total serum protein 5 6 Gm per cent wth an 
A-Gratioofi5 NPNjomg pTccnt calcium 10 4 rog percent phosphorus 3 i mg percent and alka 
Iincphosphausc4 iBodansk) units \ ra)s of the skull and ribs u ere reported as being normal Asccond 
rocctgcnogramof thenbsshoueda suggestion of mccasutic tumor on the lower left Sternal pnncrarc 
revealed that 13 per cent of marrow cells were of the large plasma cell t)^^ 

The patient was placed on a low animal protein diet and given a course of stilbamidinc totaling i 85 
Gm He also received two 500 cc blood transfusions Sternal puncture was repeated after 1-53 Gm of 
sulbamidinc or 18 injections had been administered The marrow contained 43 4 per cent myeloma cells 
of which the great majontj (81 5 per cent) contained basophilic inclusion bodies At the conclusion of 
treatment hemoglobin was g 5 Gm red blood cells 4,160 000 and white blood cells 6 800 with a normal 
differential count 

This patient improved considcrabl) The pain in his ribs subsided, his vision improved and he gained 
in strength He returned home and reported in six weeks b) letter that he felt fine Follow up of this pa 
tient revealed that two months after treatment he was relieved of pain and felt well except for a general 
i2cd skin rash and a sore tongue His doctor reported that there was, however, a progressive decline in 
his general state Rctrcatmcnt was advised but the patient had moved away and the referring doctor was 
unable to locate his new residence A follow up obtained b> letter, however vmttcn on Dec 15 1547 
indicated that the patient was still ambulatory, but otherwise totall) incapacitated by his illness 

Comment 

This pacicnt s symptomatology fitted the clinical picture of multiple myeloma 
Bcncc-Joncs proteinuria and anemia were the positive laboratory findings and x-rays 
were negative There was no hyperglobulincmia Sternal puncture findings were 
pathognomonic 

Stilbamidine treatment with a low animal protein diet plus transfusions im- 
Foved this patient symptomatically and typical basophilic inclusion bodies were 
found in the majority of the myeloma cells, although the relative percentage of 
the tumor cells had definitely increased in the marrow The treatment did not how- 
ever have any sustained effect upon his general condition 

CASE 4 

^ , a 61 year old male office manager was admitted co the Albany Hospital on Jan 11,1547 with 

the chief complaint of an infection in his nose of one week s duration He was a known diabetic who 
liad been well controlled with diet and insulin for 30 years 

Examination revealed impetiginous lesions of the nose and forehead, a blood pressure of 170 mm of 
mercury tystoUc and 80 mm diastolic, and a palpable liver felt three fingers below the costal margin 

Urinalysis was normal except for a trace of sugar Blood hemoglobin was 10 Gm red blood cells 
2^330 000 white blood cells 6 900 segmented neutrophils 71 per cent, ly mphocy tes -7 per cent monocynes 
1 per cent NPN was 38 mg per cent and the blood Wasserraann was negative Total protein taken for 
Investigation of liver function, was 10 7 Gm per cent with albumin 2. i Gm per cent and globulin 8 6 
percent an A-G ratio of o 14 Because of the hyperglobohncraia further studies were done Unne 
positive for Bence Jones protein, clamping of erythrocytes was observed in Hay cm s solution, and W in 
mobe sedimentation rate was 61 nun in one hour Sternal puncture on Jan z} revealed 14 - per cent large 
plasma cells and a marked reduction in cry throid and mvcloid cells A second sternal puncture at a higher 
lovel showed similar findings 

A diagnosis of multiple myeloma was made but betaus- the patient was asvmptomatic he was dis 
oliarged from the hospital Five months later he was readmitted because of a severe vacania At this 
time, he complained of pain in his right hip but x rav cxaminatton of his pelvis was no-nial He was 
*8ain discharged but shortly aftekward began to have severe pain in the left chest in the region of the 
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fifth to the amth nbs He also suffered from diplopia X-ray cxaminaciOQ at this ttnir showed evidence of 
bone destruction la the nbs He was readmitted on July 17 1547, for treatment with sulbamidine bccatuc 
of persistent bone pain Examination revealed wealeness of the left external rectus ocular mutclc, with 
inability to move the left eye laterally The liver was still enlarged The nnne contained z to 3 pins al 
bumm but no Bence Jones protein Hemoglobin was^ 5 Gm , red blood cells 3,100/100, white blood cells 
6300 segmented ncutrophili 71 per cent NPNwas4zmg per cent, total protein 5 1 Gm percent, with 
albumin zzGm per cent and globulin 6 5 Gm percent, an A-Graao of o 31, 

The patient received a course of 10 injections totaling 1^5 Gm of itilbamidinc from July 18 to Aug 3 
The diet contained z,6oocalonei with ^ Gm ofprotcin which was qualitaDvelyuurcstnctcd Imiocdutc 
reacoons to the treatmenc were a burning about the month sometimes extending into the eyes, which 
was only momentary and nausea and at times vominng which were delayed until later in the diy 
The diplopia and bone pain were unrelieved Sternal and nb puncture on Aug 11, showed a myelo- 
phthisic marrow with 61 z per cent myeloma cells No basophilic inclusion bodies wae observed 
The patient was then placed on a low animal protein diet and a total of i 5 Gm of snlbamidme was 
ministered m a course of ten injections from Aug 15 to zy There was no relief of pain Ponemreofthe 
right eighth nb was performed at this time and 00 change m the marrow picrurc was found There were 
no basophilic inclusion bodies in the myeloma cells 

On Sept 10 1947 a prefrontal lobotomy was performed for relief of pain The pauent expired post 
operatively 

Autopsy confirmed the diagnosis of mnlaplc myeloma Infiltrations of plasma cells were noted m 
the liver 

Comment 

The diagnosis of multiple myeloma was made during the hospitalization of this 
patient for impetigo and diabetes mclhtus, because of the presence of hepatomegaly 
The findings of hypcrglobulincmia, Bence-Jones protein, clumping of erythrocytes 
in Haycm s solution and positive sternal puncture complete the diagnostic picture 
although the patient had no symptoms of the disease and x-ray studies of the bones 
were negative 

Treatment with a full course of snlbamidme without a low animal protein diet 
failed to relieve pain or effect the myeloma cells A second course of i 5 G® 0 
stilbamidinc on a low animal protein diet also did not alleviate pain or produce 
basophilic inclusion bodies in the myeloma cells Failure of treatment thus oc- 
curred despite the presence of both hypcrglobulincmia and Bence-Jones protcinuna 


CASE 5 


A V z white farmer yz, 
the back left hip aod left leg 


wai admitted to the Albany Hospital on Aug 5 1947 
LUC XetL of SIX months duration The pun in the back and left hip occurred 

fall About one month before admission the pain began to radiate down the medial aspect o the t 
The pam was intermittent sharp and worse at night The pauent also had frequent nose bice rmcc 

onset of his illness 8 mm of 

Physical examina tion showed emaciation The skin was dry and Icxjsc Blood prssurc w« 15 ^ 

merenry systolic and 70 ram diastolic There was tenderness over the fourth nght nb 
larged and could be palpated two fingers below the costal rairgtn There was dimims ^ 
to light tonch along the medial aspect of the left thigh and calf Th- l*ft pit-llar rctLx was re a 
The nnne contained 3 plus olbunun and many hyaline casts but no Bence Jones protein 
was B 5 Gm red blood cells were i 860 000 and white blood cells were to 150 On ug 

blood cells sverc 11,000 with s-gmented neutrophils 48 per cent and lyrophot^to 50 per CCTt 

Wassermonn was negative Total plasma protein was ix 7 Gm per cent ^ 

and globulin 104 Gm per cent an A-G rano of o xi Semm could not be ^ 

could not be studied bccansc the blood rapidl> formed a gel and no fluid ^ Clunipin? 

time was one minute and 18 seconds coagulation time three mmntcs and platelet }/ 
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of erythroc) tcs occurred m Hajem s solution X rajs resealed many small oval areas of lessened density 
throughout the skull and in the upper third of the left humerus Myelogram showed bilateral deformities 
opposite lumbar vertebrae 3 and ^ more marked on the left which was consistent with a displaced disc 
Spinal fluid contained 60 mgs per cent protein and the Wassermann test was negative Sternal and nb 
punctures on Aug 5 were diagnostic of multiple myeloma There were 45 6 per cent plasma cells Of these 
1 a. per cent were plasmablasts, and 4 8 per cent were young forms There was great variation m size and 
appearance of the cells Sj-nej tial sheets of small cells wuth nuclei placed centrally, or nearly so and uni 
formly basophilic c\ toplasm were seen which resembled basophilic normoblasts Larger cells had typi 
oally eccentric nuclei and abundant basophilic cytoplasm charactenstic of plasma cell myeloma Subse 
quentls a few large plasma cells of similar tj-pe were observed in the peripheral blood smear 

The patient s condition deteriorated rapidly On the third hospital day he was given 500 cc of blood 
f>y indirect transfusion On the sixth day he became drowsy stopped taking fluids and then gradually 
became comatose NENwasyimg percent On Aug 15, NPN was 58 mg per cent, and plasma CO143 
volumes per cent Fifty mg of stilbamidine were given intravenously, and lou mg the following day 
The patient expired in coma on the eleventh hospital day 
Autopsy revealed insolsement of lumbar vertebrae, skull and sternum with plasma cell myeloma An 
unusual phenomenon was the finding of a complete cast of the heart and larger vessels formed by a firm 
8^1 composed of blood plasma 


COMMBNT 

This was a typical, malignant type of multiple myeloma showing a fully de- 
veloped symptomatic and pathologic picture Sternal and rib puncture confirmed 
the diagnosis The marrow cytology was interesting because of the presence of 
small myeloma cells resembling basophilic normoblasts Treatment with stil- 
bamidinc was attempted only because of the obviously bad prognosis Autopsy 
confirmed the diagnosis and a striking finding was the presence of a cast of the heart 
and vascular system consisting of a firm gel of the blood plasma 

CASE 6 

T J B , an 85 year old single white female, was admitted to the Albany Hospital on Nov 11, 1947 
She had complained of pain in her back in the region of the lower nbs which radiated antenorly about 
^tst, for four months The pain was almost constant but varied m seventy It was aggravated by 
“onon She had lost weight and strength and for the month prior to admission, had suffered from ano- 
^1*, dyspnea and recurrent vomiting Physical examination showed a very thm, dehydrated patient 
who Was tender over the lower thoracic vertebrae The heart was enlarged and systolic murmurs were 
hard over the aortic and mitral areas The clinical impression was osteomalacia or metastatic malig 
nai^ and artenosclerotic heart disease 

The nnne showed only a trace of albumin and tests were negative for Bence Jones protein Hemoglobin 
was 8 o Gm. red blood ceUs ^ 650,000, white blood cells 8,750, segmented neutrophils 71 per cent band 
neutrophils 1 per cent eosinophils i percent basophils i per cent and lymphocytes 16 per cent Wintrobe 
^hrocyte sedimentation rate was 66 mm in one hour The blood Wassermann was negative Serum 
phosphorus was i X mg percent alkaline phosphatase x i Bodansky units serum calaum ii 3 mg per 
and NPN 30 mg per cent Total serum protein was 7 7 Gm per cent of which albumin was 3 x and 
8 Obuhn 4 5 an A-G rauo of o 7 X ray examinations resealed a parual collapse of the bodies of thoraac 

10,11 and IX svith marked atrophic changes in all the vertebral bodies There were multiple 

‘null areas of localized bone destruaion throughout the ribs and in both scapulae The 6th rib was frac 
‘“red in the axillary line on the left There were multiple imnute areas of lessened density distributed 
‘hroughout the skull Sternal and nb aspirations were performed on Nov -6 and the marrow smears 
revealed 15 4 per cent plasma cells and o^ per cent plasmablasts This established thediagnosis of mol 
' “'jnlnnia The patient was placed on a low animal protein diet and gisen acours-of 11 injections of 
bamidine totaling i 65 Gm There was no reaction to the drug She continued to base constant severe 
P“n in the back and nausea and s omiting Her general condition gradualli grew w ors: and d-ath cveurred 
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on the twenty-second hospitil day Autopsy revealed multiple myeloma of the plasma cell type mvoltior 
the nU sternum and vettebrac Smears of the sternal marrow obtained post mortem shosved n j pet 
cent plasma cells and o 4 per cent plasmablasts No basophilic inclnston bodies were observed 


9- 
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Fiai 4-15 Photomicbooraph* or Marrow Svibari Prepared from Stejlp^ai. and Rib Astiratt'?^'* 
(WwoHT ( Stain UNXaESt OrnERwtiE SpscjnEo) 

Fio 4 (npper left) Usual type of plasma cell from normal marrow CX 
Fio 5 (upper right) Large type of plasma cell from normal marrow (X 1130) 

Fjo 6 (ccatcr Icfr) M^Tloma cells from Case i A S (X 1x30) 

Fio 7 (cenrer nght) Myeloma alls from Case i-, R L (X 1130) 

Fio 8 (bottom left) Myeloma cells rcplaaog normal marrow cells Case z, A S (X 'F®-' 

Fio 3 (bottom nght) Dysplastic plasma cells (myeloma cells) resembling normoblasts *00* 
Watts All other cells arc myeloma cells Case 5 S V (X 730) 

CoM^tENT 

This panent had multiple myeloma at the extreme age of 85 } cars The ^ 

■was indicated by the clinical picture, i-ray findings, and hyperglobulinemia. 
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was confirmed by marrow aspiration Treatment with i 65 Gm of stilbamidine 
failed to relieve pain or produce basophilic granulations in the myeloma cells, 
although hypcrglobulincmia was present 



Fio 10 (upper left) PlasmablascfromC*ic5 S V (X 1130) q. 

Fio II (upper right) Peroxidase- Wright s stam from Case r, R L P Cn’>'c o 
segmented neutrophil B-band neutrophil (X 1130) - 

Fjo 12. (center left) Supravital stain of myeloma cell from Case 1, R L ( 1 ^ 3 °) 

Flo ij (center right), 14 (lower left) Myeloma cells after stxlbami me treatment 
(X 1130) 


vA 1130^ 

F'o IS (lowr right) Supravital stam of myeloma cell after stilbamiame treatment Case i 
vX 1J.30) 


R L 


Cytolooi 

The q^ology of multiple myeloma has rccentl) been described b> Diggs and 
Sirridgc ' Their findings were based on fift)-fivc eases of plasma cell msc oma 
Support was given to the thesis that multiple m)cloma is derned from plasma 
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cells arising from primitive reticulum as a specific strain of cells The term myclomi 
cell -was objected to because it inferred a specific type of cell peculiar to multiple 
myeloma only Oar observations on the cytology of the six cases being reported 
were similar to those of Diggs and Sirndge 
Our cases were entirely of the plasma cell type In general, with Wnght s sum, 
the following characteristics were noted The cells were oval in shape, the nuclei 
eccentric, round and pachychromatic but not typically cart-wheel or Rad 
kem ’ Vanation in size occurred not only in the various panents but also in each 
individual case The cytoplasm was abundant and minor differences in intensity of 
Its basophilic substance were present in the different cases Vacuohzation of the 
cytoplasm was common, and a perinuclear clear zone was a prominent feature 
In case 5, small cells with uniformly basophilic cytoplasm and ccntrall) placed 
nuclei were noted, which resembled basophilic normoblasts (fig 9) The usual 
type of plasma cell in normal marrow is shown in figure 4 A second type of plasma 
cell vwth more abundant, less deeply basophilic cytoplasm, without vacuoles and 
with a larger nucleus, observed in the same marrow smear, is illustrated m figures 
The latter closely resembles the typical cells found in our cases of multiple myeloma 
(figs 6, 7) Plasmablasts of large size with a defimtely eccentric, large leptochro- 
maocnuclcus containing nucleoli, and comparativelylitrlc, basophilic cytoplasm, 
were observed in small numbers (fig 10) The highest percentage of plasmablasts 
was z 3, seen in case z Young plasma cells contaming large, rclauvcly immature 
nuclei without nucleoli, and more abundant cytoplasm than the blast form, cou- 
sututed 4 8 per cent of the myeloma cells in case 5 Very large cells with multiple 
separate nuclei were seen in all cases Mitotic figures were not numerous Sheets of 
plasma cells were commonly observed in preparations made from marrow bits and 
occasionally in direct smears of unconcentrated marrow fluid (fig 8) The plasma 
cells were umformly peroxidase negative (fig ii) 

Supravital studies revealed a close similarity between the myeloma cells and large 
plasma cells seen in marrow smears made from patients with other conditions, and 
from normal marrow The cells were large and oval, or round, with abundant 
cytoplasm and a distinct cell membrane The nucleus was round and very definitel) 
eccentric Neutral red vacuoles of variable size were present external to the nu 
cleus These could be observed to enlarge as the preparations aged Large mto- 
chondria were a striking feature “ These were interspersed in the cytoplasm it 
were more abundant near the nucleus (fig iz) The usual type of plasma cell recn 10 
normal marrow was smaller and the mitochrondna and neutral red vacuo es a^ 
peared to be less numerous and of smaller size “ However, a large type plas^ 
was observed in one case of chronic aleukemic myelogenous leukemia create wit 
x-ray, which was indistinguishable from the typical plasma cell seen in the mu 


tiple mjeloma patients . 

After sulbamidine treatment, large basophilic inclusions were no m ^ 
cjTOplasm in the majority of the plasma cells stained with Wright s stam, 
cases z and 3, (fig 13, 14), while no inclusions were seen in the 
No change was observed in cells stained by the peroxidase metho 
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illustrated cell (fig 15) shous an increased size in neutral red vacuoles by supravital 
stain, this was not remarkable as compared to studies made prior to treatment 

Discussion 

The method of diagnosis of multiple m}cloma in the cases reported is illustrated 
in table i The seien findings which arc more pertinent to the diagnosis arc listed 



Photoioceooeaphi in Color Taken irom the Sajie Marrotv Smears as the Correstovdivo 
Photomicrooraphi TviTHoar Color 

Top row 6g$ 4 5 6 Second row figs 7 8 9 CX 45°) Third row figs 10 CX ” '3 

Fourth row figs 14 (x looo) 11 (X 750) 15 (X 75°) 

together and collateral findings which arc common to other conditions arc placed 
in the lower section of the chart The table shows in striking fashion an obsen a- 
tion that is well-known, that the clinical picture of multiple m) cloma is cxtrcmcl} 
variable The onlj constant feature in all cases w'as the presence of a positisc mar 
roiv aspiration In one patient (case j), the diagnosis was made bi sternal puncture 
although onlj bone pain, Bence-Jones protein, and anemia were present A clinical 
diagnosis was made prior to laborator) or x-ra) studies in two cases The clue to 
the diagnosis was found by the simple observation of clumping of crvthrocL tes 
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in Haycm s solution in one instance, by x-ray of the skull because of verugo and 
headaches in a second, and from the finding of hypcrglobulincmia while invcsti- 
gaung the presence of hepatomegaly in a third case 
The great value of marrow aspiration in the differential diagnosis of muluplc 
myeloma makes a satisfactory technic for this procedure extremely important 
A method has been described which utilized nnconccntrated marrow flmd, se 
Icctcd marrow bits, and a concentration of marrow cells obtained by ccntrifuga 
non The selection of marrow bits produced the most satisfactory marrow smears 
Rib puncture was used successfully to complement and supplement sternal aspira- 
tion This was found to be a simple and usually painless procedure One important 


Table 2 — #/ MMhtpIt 





Case 

s umber 




I 

2 

3 

4 

J 

6 


A S 

R L 

C H 

A W 

s v 

E B 

Bone pain 

— 

« 

-f- 

-t 

+ 

+ 

Osteoporosis 


+ 


- 

+ 


Bence Jones Protein 

-t- 


+ 

+ 

- 

- 

Hyperglobuhnenua 



- 

+ 

+ 


Qumped RBC in Haycm s 

+ 

— 

_ 

+ 

-t- 

- 

Myeloma cells in blood 


— 

- 

- 

+ 

- 

Marrow aspiraaon 

+ 

+ 

+ 

+ 

+ 

+ 

Anemia 


— 

+ 

+ 

+ 

+ 

Albuminuna 

+ 

— 

+ 

+ 

+ 

+ 

Elevated NPN 

+ 

— 

- 

-h 

+ 

- 


( 60 ) 

( 59 ) 

00 

CsB) 

(7x) 

0'’) 

Hypercalcemia 

— 


— 

Not 

Not 






done 

done 


Rapid RBC sedimentation 

— 

Not 

- 

+ 

Not 

+ 


done 



done 

_ 

Autopsy 

None 

None 

None 


+ 

+ 


* Panent had severe headaches v?ith verago Back pain occurred later 
t Severe nh pain developed later iq the course of his disease 


advantage is psychologic, the patient being unable to observe the details of t t 
puncture Caution must be used and no rib puncture should be done on a patient 
in whom the outlines of the nb are not definitely palpable 
The criteria upon which a diagnosis of multiple myeloma is made from marrow 
aspiration arc not well defined The number of plasma cells in the preparauons is 
variable and reports have been as low as four per cent in one of the cases o igP 
and Sirridgc' and three per cent in the series of Rosenthal and Vogel ” In nonna 
marrow the percentage of plasma cells is usually less than i per cent Howes cr, i 
other conditions, they may be present in greater numbers * It is felt that t e co 

* In our own studies a marrow of fatal agrannloqrtosis showed practicaJIy a complete repliec 
mth plasma cells and lymphocytes 
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001 have bcTn h°t" ’^7 

It I! believed thac the ma™ P'op»oo«oi» made directly from aspirated marrow • 

we IS the‘“rrcrsS s^vrx^r 

^■»Whe.theJee““~ 


^^0 ba^Widc Toua 
treatment 


Tatnu; 1. Rttelft cf TnatmnI with Sttlbamidmc 



Boiophilkl p j. , I 1 

fafi Grat«l effect Hiul restilu 


Poor Increase 
ui myeloma 
cells and os 
teolyBc Ic 
. , lions 

Yes J Neuropathy of Persistent bnrn- 
5th nerre ( mg of face 


essential to the diagnosis TTus, of course, is alwas-s 
‘diagnosis IS based puncture becomes only one of the criteria upon which 

plasma cells on ^ ^'^^ip^e myeloma tissue is derived from a dysplastic line of 
this senes f marrow is supported by our studies All cases 

dysDlasMr n type and plasmablasts, immature plasma cells, 

°®:rs objcctiv,.^ j desmbed A senes of photo-micrographs (figs 4 to 15) 
'^r obscfv tending to confirm this theory 

toclusion bodi confirm the original findings of Snapper that large basophilic 
• One ^ demonstrated in the cytoplasm of my cloma cells obtained 

marrovf bitj wh* chronic uremia revealed 10 pa- cent plaama cellt in imearj made 

o wuen only an occasional plasma ceU was seen in direct smears 
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from bone marrow aspiration, in patients with multiple myeloma on a low animal 
protein diet, following treatment with stilbamidinc These basophilic bodies were 
not present prior to treatment The two patients in our scries who showed the 
granttles obtained relief of pain One patient was on a low animal protein diet 
while the diet of the second was not restricted The latter patient showed typical 
basophilic granulation and a reduction in the percentage of plasma cells in marrow 
aspiration smears, and at the same time had a definite enlargement of ostcoljtic 
lesions in his skull This fails to confirm the observation of Snapper that a low 
animal protein diet is essential for the production of basophilic granulation in the 
myeloma cells The supposition that relief of pain is produced by an arrest of 
myeloma cell proliferation is also not substantiated Complete failures to relieve 
pain or produce basophilic granules in the myeloma cells were recorded in three of 
our senes of patients who had hypcrglobuhncmia One was on a nonrestneted 
diet, and one received two courses of stilbamidinc, the first without and the second 
with a low animal diet The third patient was on a low animal protein diet 
Reactions to treatment with stilbamidinc were transient except in one patieut 
Cease 3) He developed a trigeminal neuropathy which was still causing a severe 
burning sensation in his face after six months of observation No dissociation of 
sensation occurred Snapper reported an incidence of 10 eases of mgcminal neuro- 
pathy in a total of 18 patients treated with stilbanudmc, and explained the mccha 
nism as due to toxic degeneration of the principle sensory nucleus of the trigeminal 
nerve This caused severe and persistent itching which was disabhng in character 
in only one of his patients This subjective symptom ultimately disappeared in all 
of his patients The objective findings of dissociated anesthesia were persistent 


Summary 


I The value of bone marrow aspiration in the diagnosis of multiple myeloma 
was confirmed and discussed This procedure should be uulizcd in all patients 
suspected of having this disease 

1 The importance of a reliable technic of studying bone marrow obtained by 
aspiration was stressed, and a method cmphasiiing certam important features 


described in detail 

3 The theory that multiple myeloma is denved from a dysplastic line of plasma 
ccUs onginating in the bone marrow was supported by this studj 

4 The original observation of Snapper has been confirmed, that after treatment 0 
multiple myeloma patients with stilbamidinc, large basophilic inclusion b ics 
can be demonstrated in the cytoplasm of a majonty of myeloma cells obtaine rora 
bone marrow aspiration and stained b) Wright s stain This was produce on 
nonrestneted as well as on a low animal protein diet 

5 Relief of pam was produced in two out of five patients with multipemjc 

treated with stilbamidinc One patient who was relieved of pain , 

animal protein diet while the diet of the second was unreswicted In 

basophilic inclusion bodies appeared in the ^ r^nuJatm 

Stilbamidinc therapy faded to allcvaitc paw or to produce basophi g 
the myeloma cells m three patients who exhibited h) pcrglobulmcmia 


in 
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6 Relief of pain and vertigo occurred in one patient treated with stilbaniidinc 
Avhile osteolytic lesions were observed to enlarge by roentgenological examination 

7 Trigeminal neuropathy with severe discomfort still continued six months 
following treatment in one patient 

8 An arrest or remission in the course of the disease was not obtained in five 
cases of multiple myeloma treated with stilbamidine 
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THE DISTRIBUTION OF HISTOCHEMICALLY DEMONSTRABLE 
GLYCOGEN IN HUMAN BLOOD AND BONE 
MAHROW CKT.Ti; 

Bj Max Wachstbin, M D 

R enewed attention has recently been given to the glycogen content of the 
human blood Wagner,'^ confinning older observations in the htcrature,'' “ 
found glycogen only in the granulated leukocytes by chemical cstimanon, while 
the other formed elements in normal blood did not contain this substance Increased 
amounts of glycogen were found in the blood of patients with myeloid leukcnua, 
while in the blood of patients suffering from acute leukemia, as well as of those 
with chronic lymphatic leukemia, normal amounts of glycogen were picsent “ '* 
The pamcular usefulness of the periodic aad-Fenlgcn techmc for the histo- 
chemical demonstration of polysaccharides ([McManiis,“ Lillie,'” Hotchkiss’), 
prompted an examination of human blood and bone marrow smears 


Technic 

Either air-dricd blood and bone marrow smears, or films fixed in absolute alcohol 
were placed into a o 5 per cent solution of periodic acid in water for five nunutes 
Even slides several years old gave very satisfactory staining reactions After wash 
mg in tap water, the slides were immersed in Schiff’ s reagent, prepared according to 
Hotchkiss, ’ for fifteen minutes They were then rmsed in three changes of SO: con- 
taimng water, each time for two nunutes, and then washed for five minutes under 
tap water Hams hematoxylin was used as countcrstain After the usual dchydra 
tion, slides were covered with a resin under cover slips In order to identify the 
stained substance as glycogen, alcohol-fired blood and bone marrow films were 
first covered with saliva for 15-30 nunutes at room temperature ’ After a short wash 
in distilled water, the above described staining techmc was employed 


Results 

Normal blood smears Only the polymorphonuclear leukocytes and platelets 
showed consistent staining The cytoplasm of the polymorphonuclear Icukocy^ 
revealed a dark red to Bordeaux red uniform color (fig 1) Occasionally it contain 
small dustlikc and also somewhat coarse granules The nucleus was alwaj's un 
stained At least 90 per cent of all polymorphonuclear leukocytes gave this 
reaction Eosin ophil es in normal blood, as well as in films m which mark > ^ 
larged amounts of these cells were present, showed fa int s taining of their cyto- 
plasm The granules remained unst^cd Lymphocytes were mostly without sm« 

mg However, some showed small granules m the cytoplasm Monocyt« 
cither negative or showed only faint staining The thrombocytes 
a posmve rcacuon For the most part they showed a hnUuod) staia 
a paler outer border 

From the Laboratonei of the Sr. Cxthenoe , Hospiul Brooklrn Hew York *ni the an-™ 
Pitholopr.Mc Stem Hospital, Mew York Newlort 

54 



MAX WACHSTEIN 


55 


Leukocytosis In blood smears from patients suffering from marked infectious 
leukocytosis due to various causes, polymorphonuclear leukocytes, including the 
metamyeloc}’’tcs, contained large amounts of cytoplasmic glycogen The cytoplasm 
showed not only diffuse staining, but in some cells it appeared in coarser granules 
than commonly seen in the blood films of normal subjects 
Infectious mononucleosis The atypical lymphocytes were negative with the ex- 
ception of some which contained dark red granules as seen in normal lympho- 
cytes 

Various anemias In smears from patients with various anemias (erythroblastosis 
fetalis, Cooley s anemia, etc ) nucleated red cells, erythroblasts, as well as normo- 
blasts, were negative 



Fio 1 A blood film from a normal ladividnai scaincd by the pcnodjc acid-Schilf technic for glycogen 

"'o polymorphonuclear leukocytes show diffuse staining of the cytoplasm The nuclei are counter 
With Hams heraatoxylm 

Lymphatic leukemia The lymphocytes found in blood smears of patients suffering 
from lymphatic leukemia showed the same staining reaction as those in normal 
blood smears 

LL^nntc myeloid leukemia Myelocytes, metamyelocytes, and pol} morphonuclcar 
leukocytes showed the cytoplasmic polysaccharide reaction M) elocj tes took onh 
» faint reddish coloi (fig i) The intensity of the reaction obviousl) increased tsith 
fbe maturation of the cells Dark red granules and coarse stippling were fairh 
sequent in polymorphonuclear leukoc) tes 

myeloid leukemia Most of the myeloblasts did not contain gl>cogcn, vhilc 
some cells, obviously still quite immature, resealed occasional dark red granules 
or cs en a brim of rcd-staining cy toplasm around the large immature nucleus More 
^*rnrc my cloid elements showed the usual amount of gh cogen 
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Blood smears from various animals The polymorphonuclear (betaropbile) leuko- 
cytes in the blood film of dogs, rabbits, guinea pigs and frogs showed considerable 
staimng reaction Only faint traces were demonstrable in the white cells of the rat 
and mouse 

Smears from Lymph nodes In films from tonsils and lymph nodes not involved b) 
disease, the lymphocytes showed no trace of glycogen 
Bone marrow In films from bone marrow of normal individuals, as wcU as of those 
with various abnormal conditions, a behavior of the myeloid elements similar to 
that seen in the blood films of patients with chrome myeloid leukemia was ob- 
served Myeloblasts were mostly negative As the myeloid ccUs matured, the stain 



Fio 1- A blood film from a pzcicnc mth chrome myeloid IcoLemia, stained by the pen 
Schiff techmc for glycogen Three poiymorphoauclcar leahocytes one /uvenile cell two myt 
arc shown The cytoplasmic staining is most pronoanced in the matnre cells 


ing rcacuon in the cytoplasm became more pronounced Occasional myc oi c 
showed coarse granules Most nucleated red cells, including the typica 
blasts of pernicious anemia, showed no staimng reaction A very 
throblast revealed a faintly stained cytoplasm Plasma cells as well as t 
cells found in multiple myeloma, were mostly negative A consi era e mirselr 
of the megakaryocytes gave a distinct reaction The cytop asm w 
stained Only occasional megakaryocytes did not contain any stain 
sacchandes 


Comment 


As far back as 1877, ^nvi«'> demonstrated glycog^ 
frog with the help of iodine Ehrlich,* several y ears later, 


of the 

the first to examine 
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films of human blood for its gl) cogen content Since then a good number of papers 
dealing with the histochemical demonstration of glycogen have been published 
The older literature has been extensively reviewed in Neukirch s’^ and Girardm s® 
contributions So far, the following methods have been used for the demonstration 
of glycogen in blood cells 

I JcJine rtaetton 

(*) Dncd films utre exposed to iodine vapors (Ehrlich and Lazarus') In normal blood films leu 
focytes arc unstained red blood cells tike a brownish hue and platelets arc stained The leukocytes in 
exudates boss ever, shots a strong reaction 

(b) Wet films were exposed to iodine vapors according to Zollikolcr ” All neutrophilic leukocytes 
Siam diffusely while some (about ^ p-r cent according to Girardin’) contain glycogen granules As 
with Ehrlich s method the platelets arc distinctly and the red blood cells faintly stained 
Btjl s carmmi mtthod 

This method was modified by Neukirch” for blood films All polymorphonuclear leukocytes in 
normal blood gise a diffuse to fine granular suining In addition the centers of the thrombocytes arc 
stained The other cells are unstained with the exception of occasional lymphocytes showing a few red 
granules Neukirch found the eosinophilic granules positive in blood films and Arnold' in bone marrow 
section, while Girardin, using Neukirch s method found them consistently negatise 

3 The Btuir Ftulftn jum as svcll as a jtlper tubntc, have been used for bone marrow section of the 
normal rhesus monkey by Wislocki and Dempsey Glycogen was demonstrable in polymorphonuclear 
neutrophiles and neutrophilic metamyelocytes but not in any other cells In the circulating blood as 
observed in sections of blood contained in the heart glycogen was seen only m polymorphonuclear 

leukocytes 

As IS well known, substances giving any of the reactions described above, can 
only be considered as glycogen if they can be digested by amylase It has been re- 
peatedly demonstrated that the carbohydrate-like substance found in the cells of 
purulent exudates can be digested by saliva According to Neukirch, however, 
with both the iodine or Best carmine technic, the staining reaction in the leuko- 
cytes of the blood, as well as that in the platelets, is not prevented by previous 
treatment with saliva Dempsey and WisIocki, on the other hand, using the Baucr- 
Fculgcn technic, found the stainable substance in leukocytes digestible by saliva 

Further examination of the nature of the substance giving the reaction with the 
periodic acid-Schiff technic was therefore undertaken By using periodic acid, polj - 
saccharides are oxidized to polyaidehydes The aldehj de group reacts with Schi/Ts 
reagent Lovv molecular compounds such as simple sugars and hydrox) ammo acids 
can also react with this reagent, while the pentose component of nucleic acid docs 
not react (Hotchkiss) 

No staining reaction was seen in air-dricd or alcohol-fixed films ithout prc\ lous 
rreatment with periodic acid, thus excluding the possibilit) that the reaction nas 
nuc to preformed aldehyde groups Since the reaction occurred after tuentv four 
hours of alcohol fixation it could not haxe been caused b> the alcohol-soluble 
plasmal The substance was still present at room temperature(2j}-2.6C) after immer- 
sion of the films up to 150 minutes in distilled water or saline solution Therefore 

appears unlikely that the reaction was due to the presence of simple low molec- 
ular Water-soluble substances 

n order to prove that the stainable substance was rcalh gheogen blood films 
"=re subjected to digestion with salts a A significant difTcrencc became apparent 
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when films were only air-dried or had been fixed wjth absolute alcohol After fiw 
uon the stainablc substance, in leukocytes as well as m platelets, disappeared fifteca 
to thirty minutes following salivary digestion at room temperature In unfixed 
films, the diastatic effect of saliva was considerably less pronounced, although vary 
ing in intensity in different shdes Salivary digestion occurred to a varying degree 
in alcohol-fixed films from bone marrows as well as in the penpheral blood of 
patients with myeloid leukemia In occasional films, the cells proved resistant to 
the diastatic enzyme 


The results of these experiments make it seem very probable that the substance 
giving the aldehyde reaction after treatment with pcnodic aad m blood cells is 
glycogen The glycogen in hematic elements, however, is relatively resistant to 
sahvary digestion, unless first treated with alcohol This may be due to the fact 
that the cells contain the glycogen in some chemical combination, possibly with 
protein Such an assumption was made many years ago by Best ’ 'Willstactter and 
Rhodcwald*’ discuss the peculiar fact that the glycogen becomes more demonstra 
ble in leukocytes of exudates that in the blood Ehrlich thought that the leuLo- 
cytes which migrate from the blood stream arc being changed m such a way that 
after some time free glycogen occurs According to Willstactter and Rhodcwald, it 
can be assumed that the glycogen is not present in its usual form but possibly in 
some absorption, or more probably, in chemical connection with the cell protein 
As has been previously found, employing iodine as well as Best s carmiue, the 
platelets give a strong staining reaction Moreover, in the bone marrow films most 
of the megakaryocytes are stained This is obviously due to glycogen, since the 
staimng reaction is prevented by digestion with sahva In contrast, Wagner 
found that the reducing substance which is formed after acid digcsuon of platelw 
was not digestible by yeast He therefore concluded that it originated from n 
nucleic aad rather than glycogen By histochemical methods Wislocki, Bunting 
and Dempsey,*' found some nbonucleoprotem in the cytoplasm of mcgakai^cytes 
The behavior of histochemically demonstrable glycogen resembles that of stain- 
able oxydase This, however, should not be expected to be of practical va ue^ 
the differentiation of myeloid from lymphauc cells, since some myeloblasts as w 


as occasional lymphocytes reveal glycogen granules 

A certain parallel of the glycogen reaction in the leukocytes an t c ^ 
chemically demonstrable phosphatase is qmte obvious Phosphatase 
comes apparent in myelocytes The intensity of the phosphatase reaction inff 
with the maturation of the myeloid cell and is pamculatly prominent in 
patients with infectious diseases and in exudates It was pto- 

this increase in phosphatase may indicate an intensification of ^ ^ 

cesses Glycogen is probably the mam source of energy 'rjrbohr<l«" 

The importance of phosphate-splitting enzymes m the intcrmema^ „lationsbip 
metabolism is wefr recognized The histochcmicaUy , hs DeropstT 

between glycogen and phosphatase activity has recently been discussed b) Inl- 


and Wislocki ® 


Summary 

By applying SchiTs reagent after pcnodic 
marrow films, a cytoplasmic staining reaction 


treatment to blood and bo^ 

am some cells of the m,eIo.c! 
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senes, as well as in megakaryocytes and platelets TTic intensity of the staining re- 
action in the myeloid cells increases with their maturation The staining reaction 
can be prevented altogether in alcohol-fixed films by salivary digestion, but only 
incompletely in air-dried films The staining reaction is due to the presence of gly- 
cogen in some chemical association, possibly with protein 
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PYRIDOXINE DEFICIENT DIET AND DESOXYPYRIDOXINE IN THE 
THERAPY OF LYMPHOSARCOMA AND ACUTE 
LEUKEMIA IN MAN 

By Alfred Gellhorn, M D , and Logan O Jonhs, M D 

E vidence from ammal experimentation indicates that pyridoxine, a com 
ponent of the vitamin B complex, is an essential factor for the maintcoance 
and function of hematopoietic tissue Severe anemia has been induced in dogs' and 
swine* on a pyridoxine deficient diet and the intcgntv of lymphoid tissue in rats 
has also been demonstrated to be dependent upon this vitamin > * The signifi- 

cance of pyridoxine m human nutrition is unknown inasmuch as no known de- 
ficiency state involving this vitamin alone has been described ® Recently, StoerL 
reported that lymphosarcoma transplants failed to grow in mice maintained on a 
pyridoxine deficient diet , he further noted that established transplants of lympho- 
sarcoma regressed when mice were placed on a pyridoxine deficient diet together 
with the specific vitamin antagonist, dcsoxypyridoxinc ^ 

In the experiments reported in this paper, an attempt was made to induce a pyri 
doxine deficiency in man to determine any possible therapeutic effects in lympho- 
sarcoma and acute leukemia Although no significant clinical improvement resulted 
from the experimental therapeutic regimen, the results arc of interest in that they 
indicate certain fundamental differences in the utilization of pyridoxine in lower 
animals and man 


Materials and Methods 

Six patients were placed on a pyridoxine deficient diet and given desoxypyn 
doxinc Three patients had disseminated lymphosarcoma and 3 had acute Icuhemia 
It was planned to keep the subjects on this diet for fourteen days However, m 
several instances the caloric intake was limited so severely by the unpalatibility 0 
the diet that the regimen was of necessity discontinued earlier The basic con 
stituents of the diet were (a) vitamin-frec casein,* (b) gelatin, (c) sugar, (d) c^ 
starch, (c) unenriched cream of wheat, (f) butter, (g) artificial flavoring J 
patients were also allowed carbonated drinks such as ginger ale and Coca-co a a 
libitum, tea and coffee without cream or milk, and one serving of peaches or oac 
apple per day The dietician, working with this very limited number of fo ^ 
prepared cookies and puddings to provide some variety However, all of t c 
had a chalky consistency and flavor which rapidly became extremely 
to the patients Therefore, although an adequate amount of 
dratc and fat, as well as an adequate number of caloncs were provide , m on y^^ 
of the patients was the diet completely consumed In addition to the a ovc, 
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patients were given appropriate doses of thiamine, nicotinic acid, riboflavin and 
ascorbic acid as individual vitamins 

Dcsoxypjrido\inc* was given to the first i patients studied in doses of 15 mg 
per Kg per da} in three cquall} divided doses b} mouth Due to toxic manifesta- 
tions which will be described later, the dose was progressive!}^ decreased to approx- 
imately i 5 mg per Kg per day in the other patients of the series 

Disturbance of tr}ptophanc metabolism as manifested by xanthurenic acid and 
k}nureninc excretion in the urine has been reported in experimental animals on a 
pyridoxine deficient diet Daily iq hour urine specimens were collected on a of 
the patients and xanthurenic acid determinations were made according to the tech- 
nic described by Porter “ 


Case Reports 

I D T This 6 yc 3 T old white boy hud developed painless swelling at the base of his neck with 
associated fever, cough and wheezing respirations beginning four weeks before hospital entry Aside 
from recurrent asthma and eczema his past history was negative Evamination revealed slight fever 
(too z F ) wheezing but unlabored respirations hoarseness generalized lymphadenopathy massive in 
left cervical and axillary regions and probably retroperitoneal as well with splenomegaly Positive i ray 
findings were limited to the chest where a iwdened mediastinum and a large anterior mediastinal mass 
vrcre noted Blood studies revealed normochromic anemia a normal leukocyte count and differential and 
normal sternal bone marrow Cervical node biopsy disclosed Ijmfbetytie lymphiimcm0 

Following a four day course of methyl bis Cd<hloroethyO amine toulling o 4 mg p'r Kg the 
temperature fell to normal appetite and weight increased hoarseness disappeared and visible nodes re 
gressed Within the ensuing week lymphadenopathy recurred Shortly thereafter the patient was placed 
on a pyridoxine free diet for four days together with the pyridoxine analogue desoxypyridoiine (1 mg 
ptr Kg per day) and roGm I tryptophane — both in three equal daily doses L tryptophane was given 
to accentuate any possible disturbance in the metabolism of this ammo aad Throughout this p-riod 
appetite decreased markedly, concomitant weight loss of o 5 Kg and continued enlargement of nodes 
with tracheal compression were noted Of interest was the fact that the p-ripheral blood values remained 
unchanged and no xanthurenic acid was excreted in any of the four a4 hour urine specimens duringthese 
four days Lymph node response to a second course of methyl bis (p-chloroetbyl) amine administered at 
this time was minimal and the patient was discharged to receive radiotherapy at an institution nearer his 
borne after a lapse of two weeks Although therapeutic response to irradiation appeared to have been 
excellent one month later he developed recurrent epistaxis rectal bleeding and abdominal pain and died 
at home The total duration of his illness had been approximately four months 

a (7 This 51 year old white housewife was hospitalized for progressive painless enlargement 
of all superficial lymph nodes over a six months period with increasing nasal obstruction and hearing loss 
“ well as pain in the right hip Pertinent physical findings were some loss of heanng hyperplasia of 
pharyngeal lymphoid tissue in addition to generalized lymphadenopathy (including retrop-ntoneal 
area probably) hcpato-splenomegaly and fever Blood corpuscle counts and differential unruly sis liver 
function tests and X rays of chest and sinuses were normal Fasting serum sugar was 5S mg p-r cent An 

Inguinal node biopsy revealed rtticulum-itll lancma 

'Fhu patient received a single in|ecoon of 36 4 mg (o 44 mg per Kg ) of methyl bis (B-chloroetby'^ 
amine through technical error the only objective toxic effeas of which were marked nausea and vomit 
•ug minimal diarrhea without occult blood in stools and profound leukopenia Because of poor and 
“ansient therapeutic response she was placed on a pyridoxine free dier with added desoxvpvTidoxme at 
three hour intervals during the day totalling zy H of i 5 Gn o' d'<osv 

PJTidoiine had been given she developed persistent n-usea and suddenly lost consciousc-ss be-are 
'f anotic and exhibited mass mov eraents of extremities of a convulsive character Follow ing sponiar-o.s 

* Generously supplied by Dr D F Robertson Merck Institute for The-ap-utic Rcsca ch 
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recovery in about two tninmw looing ofpyndoxinc waj given parcntcrally The following day roKJoiI 
sequelae ’were noted in the form of diaphoresis, oaosca and some amnesu for recent cveots, and the dose 
of dcsoxypyndoxinc was lowered to x-j mg per Kg per day in three equal doses During a fourteen day 
period on the deficient diet, weight loss, mental confusion and a 50 per cent rcdocaon m lymph node iitt 
occurred Repeated blood counts showed no abnonnalitjes or changes, and a fasting blood sugar of jt 
nig per cent did not dififer significantly from the control value On the h yp othesis that additive effects 
might be obtained, a four day course of methyl bis ^-chlorocthyl) amine was then given, totalling 0.4 
rag per Kg , there was further regression of adenopathy and tome weight gain The paoent died auddodf 
within two weeks following hospital discharge at another institutiou No nccrop^ was performetL 
The total duration of her illness had been nine months 

Cast j J S This 5X year old white salesman entered the hospital with painless enlargement of the 
glands in his neck over a sei’en week period assoaated latterly with dysphagia iTcakncss and weight 
loss Examinauon disclosed gcncralited lympbadcnopathy particnlarlymthcneck hcpaiosplcnomcgaly 
and signs of fluid at the nght lung base Peripheral blood showed no anemia but a leukocytosis with a 
relative increase in lymphoqrtcs some of which were immature forms X rays of the chest revealed a right 
paratrachcal shadow and confirmed the clinical impression of nght pleural effusion Biopsy of an anllaiy 
node disclosed rttscalsrm-ctU lymph^sarmna Therapeutic response to a four day course of methyl bts (tf- 
chlorocthyO amine totalling o 4 rag per Kg was poor in that adenopathy rcmaioed stationary nght 
pleural fluid increased m amount and an exhausting nonproductive cough developed Chest fluid rcrcalcd 
histologic changes compatible with lymphosarcoma at th is The patient was then placed on a 
pyndoxinc deficient diet ivith added dcsoxypyndoxinc totalling 1-5 mg per Kg daily in three dindcd 
doses Daring this period anorexia and cachexia became marked and he exhibited mental dollflcn 
soranolcocc increasing cough and edema of both legs and low grade afternoon fc\Tr Some observers feic 
cervical Ij raph nodes became softer and sraallcr during this two weeks The blood picture remained no 
changed throughout and no xanthurenic aad cxcrcuon was detected in 14 hour unne speamens Forty 
eight hours after resuming a regular diet the patient died suddenly His lUocss had lasted about three 
months Autopsy performed mac hours postmortcra showed gross evidence of widely d is s emin ated in 
lasivc lymphosarcoma involving lucr spleen heart lungs stomach and kidney as well as nodes in the 
mediastinum and abdomen Microscopic examination confirmed these findings and in addioon sbo 
similar changes in prostate bone marrow and thyroid gland The nervous system appeared grossly 
microscopically normal Splcmc secaons were of interest in that scattered fields showed mulanuclca 
lymphoid cells fragmentation of nuclear material and minimal necrosis about lymphoid cell dusters. 
Dr H C Stoerk who kindly reviewed these sections stated these latter sections bore some rcsemb ^ 
changes seen in lymphoid tumors of pyndoxinc defiaent animals However in the main companson^^ 
the morphology of the tumor from autopsy material showed no significant vanations from that seen in 
pretreatment biopsy sections i, nd 

Case4 G deC This 8J year old white boy had a 3 week history of pharyngitis ^ ^cs 

fever and showed hypertrophic gums cnlirgcmcnc of the liver and all superficial nodes 
including sternal marrow aspirauon were compaublc with the diagnosis of atitSi ^ 

After fourteen days on a pyndoxinc free diet with added vitamin antagonist, physical an ^ 

findings remain'd unchanged Dunng the ensuing month his condiuoo degenerated ^ p (ff hu 
tinned fever weight loss and hemorrhagic phenomena and he died at home 10 the nmt wee 

Cases C U Blood studies confirmed the clinical impression of 

■white male with symptoms of one month duration and fever extensive purport tb- 

mcgaly on physical examination Dnnng 13 days of pyndoxmc deficient wi ® ^ ^ 

WBC d t op j^ d from 6100 to 1650 blast forms from 70 to 13 per cent and RBC ifom 2-^ 

■with parallel hemoglobin changes Ten days later the patient died in coma No ancopsy 
Total duration of his disease was two months showed piUof 

Cas, 6 J K. This 4 year old white male with symptoms of sii ^ pCTcetiur ^ 

crshied adenopathy hepatospleoomegaly and petech.ae 

blasts and a dtagnos.s of was made On the fifth “ "r-J 

added desoa>'pyndoxine totallmg 15 mg px Kg he had two Ke Beeanse the ch.U k 

successton followmg wh.ch the desoxypyn<lo«"= " ^5 mg per Kg Beea 
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c»inc irrauoml lor sc\ cril hours tw cnty four hours liter, the latter medicition was discontinued, but the 
dietary regimen was prolonged until death eight days after its institution During this period a marted 
and progressis-c leukoc>tosis with an increase in blasts from 50 to too per cent and a fall in RBC and 
Hgb values were noted Death occurred at the end of this period in coma after an illness totalling two 
months dnration No autops) was performed 


Discussion 

In 2. of the 3 patients with lymphosarcoma there was evidence of moderate re- 
gression in the size of the lymph nodes It is unwarranted to ascribe this change 
specifically to a pyridoxine deficiency, for Stoerk has shown that in rats exposed to 
adverse dietary conditions there is an approximately linear relationship between the 
body weight deficit and the thymic weight deficit * On the reasonable assumptions 
that (a) an analogous situation pertains to man and (b) that the decrease in the 
weight of the thymus is an expression of generalized lymphoid atrophy, it is prob- 
able that the observed changes in the lymphadenopathy of our patients were co- 
incident with the nonspecific malnutrition This conclusion is further strengthened 
by the fact that there were no demonstrable morphologic evidences of specific 
cellular change attributable to pyridoxine deficiency in the tumor of the patient 
who came to necropsy 

The marked depression of hematopoietic function described in pyridoxine de- 
ficient experimental animals was not clearly demonstrated in the patients of this 
study Admittedly it is difficult to assess this particular point in patients with 
acute leukemia and widely disseminated lymphosarcoma Since all of the cases had 
anemia of varying degrees of severity at the onset of the dietary regimen, it was 
impossible to determine the effect of the diet and dcsoxypyridoxine on erythropoie- 
sis It IS to be noted, however, that leukopenia, lymphocytopenia, and thrombo- 
cytopenia did not occur during the period of observation except in one case of acute 
leukemia In this patient there was no significant alteration of the hemogram and 
the development of leukopema is entirely compatible with the natural course of 
the disease 

The two episodes of central nervous system excitation seen in our patients were 
probably an expression of acute pyridoxine deficiency induced by the large doses 
of the pyridoxine antagomst, desoxypyndoxine Mushett et al ” have reported 
convulsions in experimental animals given large doses of desoxypyndoxine, and 
Wintrobe and his associates have described convulsive seizures in pyridoxine de- 
ficient swine which closely resemble grand mal epilepsy The signs and sjunpioms 
teen in our patients were also similar to this cerebral dysrhythmia 

Kynureninc and xanthurenic acid arc abnormal metabolites of trj ptophanc 
Which arc excreted in the urine of animals which arc deficient m pjTidoMnc t"” 
^nthurcnic acid excretion in man has not been noted'” and this has suggested that 
^*yptophanc degradation vanes in different speacs To our knowledge, such a 
cigorous pyridoxine deficient diet has not previously been cmplojcd in the studies 
of xanthurenic acid excretion in humans Inasmuch as 2. of the pauents failed to 
excrete xanthurenic acid while on the diet and while recen mg dcsox) pj-ridoxine, 
“fiditional circumstantial evidence is provided that irj ptophanc is not metabolized 
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in the same way m all species, however, the possibility that the patients were not 
deficient in pyridoxinc cannot be excluded 
The criteria of a pyridoxinc deficiency in experimental animals include depression 
of hemopoiesis, atrophy of lymphoid tissue, demyehnatmg lesions of the central 
and peripheral nervous system, and disturbance of tryptophane metabohsin 
Applying these criteria to the patients reported here would lead to the conclusion 
that (a) either a pyridoxinc dcficicnc) had not been induced or (b) pyridoxinc is 
not essential in human nutrition A final possibility is that the manifestations of 
vitamin Be deficiency in man arc entirely different from those observed in animals 
and that they were unrecognized in the patients of this study It is impossible to 
state with assurance which of the above possibilities pertained in these expen- 
ments In mice, Stoerk has observed lymphoid regression within five days after 
the onset of desoxypyrjdoxiae and a pyridoxinc restricted diet “ This would in 
dicatc that there arc not large scores of the vitamin in the body Wintrobc and his 
associates, on the other hand, noted that in swine on a pyridoxinc defiaent diet 
two to seven weeks passed before there were unmistakable signs of the specific 
vitamin deficiency Since there was clear evidence of nonspecific malnutrition in 
our patients within fourteen days, a more protracted period of diccaiy cxpcrimenu 
non was not justifiable 

It may be stated unequivocally that, under the condiuons of the expenmeut, 
there was no evidence that restriction of the pyndoxine intake together with de 
soxypyridoxinc had any therapeutic value In the 3 patients with lymphosarcoma, 
a course of nitrogen mustard (methyl bis (beta chlorocthyl) amine) was given fol 
lowing the completion of the experimental dicury period to determine whether a 
greater response would be produced by the chemotherapeutic agent There was no 
sigmficantly greater regression of the tumor masses observed foUcnvmg the post- 
pyndoxinc deficiency nitrogen mustard therapy than had occurred with previous 
chemotherapy 


Summary and Conclusions 

Three patients with disseminated lymphosarcoma and 3 cases of acute leukeima 
were placed on a pyridoxinc defiaent diet together with dcsoxypyndoxinc or 
periods of four to fourteen days Although there was evidence of malnutntioti m 
the form of weight loss and weakness, none of the signs of speafic pyndoxine e- 
fiacncy described in animals xvas observed in the human There was no unequivoca 
evidence of depression of hemopoiesis, no significant atrophy of lymphoi 
no signs of dcmyclimzation of nerves, and no abnormality of try 
ohsm determined by urinary xanthurenic acid excretion The possibi ity 
dietary rcstnction of pyridoxine was too bncf for the development of a ' “ ^ 
syndrome was considered, but it was pointed out that the ngors of the p 
were too great to justify more protracted of 

Two patients had acute toxic manifestations following the . 

large doL of desoxypyridoxine These were characterized 

form convulsions There were no sequelae and no recurrence of th y P 

the dose of the drug xvas reduced 



ALFRED GELLHORN AND LOGAN O JONES 


65 

There was no evidence that the restriction of pyridoxine in the diet together with 
dcsox) pjTidoxinc for periods up to two weeks had any therapeutic effect in lympho- 
sarcoma or acute leukemia Also, no potentiation of the cytotoxic effect of nitrogen 
mustard was observed in the patients with lymphosarcoma when chemothcrapj 
was given after the completion of the pyridoxine deficient regimen It is to be em- 
phasized that this does not absolutely exclude the possibility that pyridoxine de- 
ficiency may advcrsel) affect 1} mphosarcoma in man The short duration of the ex- 
penment and the well known refractoriness to any form of therapy of the tumors 
in these patients arc factors which may have militated against a satisfactory out- 
come of the regimen 
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A RAPID DIAGNOSTIC TEST FOR SICKLE CELL ANEMIA 


By Hahvey a Itano, M D , and Linus Pauijng, Ph D 


S ICKLE cell anemia is a congenital chrome hemolytic type of anemia char 
acterired hematologically by the development of oat-shaped and sickle-shaped 
erythrocytes Other cellular abnormahtics which arc due to excessive blood de 
struction and active blood formation arc also seen in blood smears Six to lo per 
cent of Negroes possess the sickle trait- *, their red blood cells have the capaaty to 
sickle, but most of these individuals do not develop anemia 
The coune of the sickling process as observed under the microscope has been 
desenbed in detail by several investigators * • t’but httlc is known about the 
physical processes involved in sickling It has been established, however, that the 
erythrocytes of individuals with sickle cell anemia and sickle cell trait become 
sicklcd when the hemoglobin is reduced * When the hemoglobin is combined 
with oxygen or carbon monoxide, the cells arc indistinguishable in form from 
normal erythrocytes The term promcmscocytc has been applied to the latter form 
and memscocyte to the former Hahn and Gillespie* and Sherman” obtained 
sickling physically by reduang the partial pressure of oxygen over suspensions of 
promcniscocytcs They were able to reverse the piroccss by passing oxygen or carbon 
monoxide over mcniscocytcs When oxygen is removed from promcniscocytes, 
their hemoglobin aggregates m one or more foci within the cells, and the cell 
membrane collapses When oxygen is added to these cells, they resume their 
normal contour, and hemoglobin appears to be distnbutcd uniformly throngh 
out their interior Memscocytes arc strongly bircfimgcnt under the polinting 


microscope” while promcmscocytcs arc not 

When a drop of blood is scaled between a cover shp and a slide, the decline in 
oxygen tension due to oxidative processes in the blood cells leads to sickling 
This IS the common diagnostic test for sickle cell anemia and sickle cell trait used 
in chnical laboratoncs Sherman found that increase in temperature, high leuko- 
cyte count, and bacterial contamination, all of which increase the rate of oxygen 
consumption, accelerated the sickhng process In another method, a saline 
suspension of blood is allowed to stand in a test tube under a layer of paiamn oi 
until sickling takes place ‘ In employing any of the common diagnostic tests ot 
sicklmg It IS desirable to obtain blood which has a low fracuon of oxyhefflog o m 
Thus, the moist stasis method,” in which blood is obtained from a patient ^ ^ 
after Its circulation has been occluded for five minutes, gives the most rapi * 
consistent results Even with this method it is sometimes necessary to o serve 
preparation for several hours before the result is conclusive * rocr-tes 

In order to find a more convenient and rapid method of produing menis ^ 

CoDtrilmncm No ii86 from the Gitei and Crellm Iabo«tonej of Cbeimitr}', CaWowu 


CampbeU at the Hematologr Sympc.um of the U S PuW.c Health &rr.ce in 
Lotus, Mo . on Febmary X, i9dS . 
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wc turned to chemical reducing agents Sodium dithionite, NajS^O^, rapidly reduces 
oxyhemoglobin to reduced hemoglobin, and this property suggest^ its use in 
testing erythroC}'Ccs for sickling When a solution of sodium dithiomtc was added 
to promcniscocytes, nearly all of the cells showed sickling or the early changes 
in the sickling process within a few seconds Dithionite ion tends to decompose 
to thiosulfate and sulfite with formation of hydrogen ion® so that solutions made 
up from commercial preparations of sodium dithionite are often strongly acid in 
reaction, but by adding NajHPO< to the solutions it is possible to increase the pH 
and at the same time provide a buffering medium Hahn and Gillespie found that 
sickling was obtained most consistently if cell suspensions were buffered at a 
slightly acid pH We have prepared a satisfactory reagent by adding o 114 M 
aqueous NajHPO^ to o 114 M aqueous NajSiO< until the final pH was 6 8 The 
ratio of the volumes of NajHPOi and NaiSi04 necessary to obtain this pH was about 
three to two 

The blood used in the following experiments was obtained from 6 different cases 
of sickle cell anemia, 3 of whom were being treated for exacerbations and 3 of 
whom were in remission An excess of the dithionite reagent was added to pro- 
mcniscocytes on a microscope slide, almost immediately changes were evident m 
the erythrocytes Typical crescentic forms did not appear in large numbers, pre- 
sumably because of the time required for the reduced hemoglobin molecules to 
become oriented in what Ponder calls the paracrystallmc state ” However, nearlj 
all of the cells underwent changes in contour, and other changes described by earlier 
observers took place at an accelerated rate The forms of many of these cells cor- 
responded to the holly wreath cells of Sherman and cells classified as ‘ ab- 
normal by Reinhard and his co-workers ** After about fifteen to thirty minutes 
the aggregates of hemoglobin in many of the cells became birefnngent The pres- 
ence of so many holly wreath cells is in accord with Sherman s observation that 
this form appears in large numbers when the rate of removal of oxygen is rapid 
Since dithionite docs not react with carbon monoxide, promcniscocytes saturated 
tvith carbon monoxide would not be expected to undergo changes in contour upon 
addition of this reducing agent This is indeed the case Although no sickle cell 
trait blood was available to us for study, there is good reason to believe that such 
blood would behave in the same manner as sickle cell anemia blood * 

Method 

The rapidity and simplicity of this test suggests that it would be useful as a 
clinical laboratory procedure for diagnosing sickle cell anemia and sickle cd! 
'w.it No special precautions arc necessary in collecting the blood for this ti^, 
oxygenated cells may be used since an excess of reducing agent can ahs a) s be added 
The test works equally well with oxalated blood or fingertip puncture specimens 
and may be applied in several ways (i) About o 05 ml of reagent mas be added to 
=» very small drop (about o or ml ) of blood on a slide A cover slip is then laid os cr 

* A bnef note by da Silxa(Saencc a«7 ixi (iJlS)) which appeared since th- pvparaiim c" t’-is 
I“pcr indicates that he has successful!) identified sicUemia (sicLIe cell traiObs a p-ocednr- sini a 

niethod CObelots 
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the mixture and cells obsen^ed under a microscope (i) An excess of reagent maj be 
added to a small volume of blood in a test tube and a drop of the mixture observed 
C3) ^ convenient method for studying the entire process of sickling m a short 
period of time involves the use of a heroocytometer counting chamber The chain 
ber )s half filled with a dilute saline suspension of promeniscocytes, the reagent 1$ 
then added to fill the rest of the chamber The erythrocytes may be observed as the 
reducing agent diffuses into the part of the chamber which they occupy 
Since the dithionite reagent is unstable as mentioned above, its reduang power 
should be tested frequently by the addition of a test portion to a dilute suspension 
of oxygenated erythrocytes If the reagent is satisfactory, a change from the color 
of oxyhemoglobin to that of reduced hemoglobin should be observed A large 
volume of stock NajHPOi solution may be prepared, but it is desirable to make 
up the Na.S^04 solution daily 
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THE MECHANISM OF PETECHIAL HEMORRHAGE FORMATION 
By] G Hitmdle, MRCS, LRCP 

' I ''HE OCCURRENCE of pctcchial hemorrhages in the skin and mucous mcm- 

-L branes is a well known sign in many hemorrhagic diseases and in other com- 
plaints Little IS known, however, of the mechanism by which they arc produced 
or the exact segment of the vessel or vessels at fault Histologic preparations show 
nierely an exudation of red cells, sometimes of polymorphonuclear neutrophil 
leukocytes around the minute vessels in the dermis, the vessel walls themselves 
usually appearing intact In the present investigations the formation of petcchiac 
by the tourniquet test ^capillary resistance test) in the skin of patients suffering 
from various hemorrhagic diseases has been studied by capillary microscopy 

Method and Atpaeatus 

The patients lay comfortably in bed, the arm extended at right angles to the 
trunk, in the position of full supination resting on a firm table The cuff of a blood 
pressure apparatus was adjusted to the upper arm and the skin in the antccubital 
fossa was shaved to remove hair and superficial squama The area chosen was then 
covered with cedar wood oil A Lcitz Ultra-Pak microscope was used to study 
the skin vessels (iiX objective with the dipping cone attached and a loX ocular) 
By adjustment it is possible to obtain optical contmuity from the oil to the lens 
system to avoid surface glare from the oiled skin A clear view of the blood in the 
minute skin vessels is thus obtained at a magnification of iioX The vessels that 
arc seen with the cuff uninflated are few and far between and arc the terminal 
capillary loops They arc usually found in clusters of three or four The cuff is then 
gently inflated to a pressure of 50-100 mm of mercury (or berween the systolic 
and diastolic blood pressure) As the venous system of the skin fills with blood 
It IS possible to sec the previously invisible superficial plexus of minute venules 
and the connections of the end capillary loops to this plexus In the creases of the 
elbow It IS also possible to sec the end of the precapillar}' arteriole b> the blood 
spurtmg into view as the capillary loop from the depths of the skin (fig i) It is 
at this point that petechial hemorrhages form, irrespective of the type of disease 
studied The behavior of the exuded blood and the shape and character of the lesion 
formed is, however, different in the various types of disease studied The follows mg 
cases have been thus studied 

0) Essenual Thrombocj topcnic Purpur * — 5 cases 
"nirombocj topcnic purpura secondarj to 
Scdormid intoxication — i case 
(b) Gold intoxication — i case 
CO Novarscnobcnzol intoxication — i case 
(d) Monocytic IcuLemia — i case 
CO Banti S }’ndroine — i case 

From The John Burford Carlill Patholomcaj Laboratones Westminster Hospital SJtool of MeJ.ar,- 
England 
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MECHANISM OF PETBCHIAI. HEMORRHAGE PORilATION 


(n) Combined Form of Pnrpura 

Aplastic anemia thromboc)iopeiiu and hvpoprothrombinemu 

(a) Idiopathic form — i case 

(b) Novancnobeniol intoxication — i case 


iL« 



© 



Fio 1 Simplified secuon of tkm to show the namrc and ponrion of 
Une indicates die position at which the 

the miaoscope (i) homy layer of skm. (x) malpighi«i Uyer. (o) lerel of petecni 
non. Cd) collecting venule (s) terminal artcnole 


0II) Non Thrombocytopenic Purpura 

(a) Anaphylactoid purpura 2 . cases 

(b) F yennal hypoptothrombinctnu— I case 

(c) Potassium iodide sensinvity i case 

(d) Scurvy — i case 


Th?h^oS'c summanred in table 1 

In cssenaal thrombocytopeme 


In csscnaal tliroinDocytoi^>. ptuT^ra vessels, and 

a shower of red cells, wluch can be se«i » ^ broaght ro rest 

ivel at least three times the diameter of the vessel before 


as 
travel 
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There IS no breach of the blood stream in the capillary, nor is it obliterated by 
pressure of the effused blood The segment of vessel through which the red cells 
pass IS very small in length, and the exuded cells form a thin disc, which later ex- 
tends superficially to form a conical lesion around the arteriolar end of the capil- 
lary The effused red cells are taken up by the skin lymphatics only very slowly 
(fig X, 1-4) 

Secondary thrombocytopenic purpura In the Scdormid and Gold and NAB 
intoxication cases studied, the lesions formed quickly and there was evidence that 
the red cells were rapidly taken up by lymphatics, as fine columns of red cells 
formed from the edges of the disc and rapidly extended 
l^nocyttc leukemia In this case the blood left the vessel very rapidly indeed, 
and length of affected vessel was greater, for the effused blood formed a much 
thicker disc It was rapidly, almost immediately, taken into the lymphatics 
Anaphylactoid purpura In the two cases studied exudation was much more 
diffuse and there was considerable effusion of fluid as judged by the rapi ity m 
which the details became obscured by edema Lymphatic absorption is immediate 

The iodide intoxication gave a similar picture 
Essential hypoprothrombmemta This case was characterized by the curious way 
the effused blood tracked superficially around the capillary loop, with very little 
lateral extension of the lesion Lymphatic absorption was very slow 
Aplastic anemia Both cases reacted similarly Two forms o i^sion were pr 
duced, a large, rapidly forming hemorrhage which formed so rapi ® 

observation was not possible, and a smaller lesion which resembled those seen in 
essential thrombocytopenia Lymphatic absorption was very slow 

Scuny The petechiae which formed were of two types, (a) large (up to x 1^ 
m diameter) and (b) small in size The small lesions forme in ' 
the arteriolar end of a single capillary loop, the large lesions formed ^ 

> cluster of adjacent capillary loops, usually three in number, 
from a common artenol twig These lesions rapidly became conflue 
combined lesion spread rapidly The effused blood was quickly take p > 

Malignant hypertension The lesions here did not appear imtil 
capiUary loops were fully dilated The lesions spread rapidlj and 
confluent (fig 3) Absorption was moderately rapid 

Comment 

It will be noted that despite the different causes for the 
the lesions produced all lay in the same segment of vessel, the a 
capillary loop In no case were lesions found clsmhcre orpment of the 

It would s^m under the conditions of this test that this 
vessel IS unable to prevent the escape of red cells from the ™ 
shown by McFarlanc* that the nailfold capillaries cS^rs 

display abnormal reactions to puncture with a quartz The part 

loop IS unable to contract as do normal capillaries under S 

of the capillary from which the red cell exudation occurs is, moreo^ cr, that par 



Tablb 1 — Htmstch^nal Ftatttns cf xy Casts af Htmonbaih Dtstast 
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elsewhere m the loop Furthermore, the lesions occur at a point where the tightly 
constricted precapillary arteriole dilates suddenly to form the capillary loop It is 
evident that this arteriolar-capillary junction is of great importance in the main- 
tenance of blood flow and the nutrition of tissues generally It is temptmg to 
postulate that a selective poisoning of this junction could produce hemorrhages 
m the mucosae and also cause thrombocytopenia by an upset of megakaryocyte 
nutrition The poison must leave the circulation for the tissues at the point de- 
scribed, and the cells of the vessel wall must be thus exposed to a much greater 
selective concentration than elsewhere This theory can be applied to essential 
thrombocytopenic purpura on the assumption that the spleen produces a toxic 
substance It explains the prompt cessation of hemorrhage immediately following 
splenectomy in this disease Similar explanations can be deduced to fit other 
hemorrhagic syndromes and diseases 


SuMMARX AND Conclusions 

1 The capillary resistance test has been studied by a special technic of capillary 
microscopy , 

X Seventeen cases of hemorrhagic diseases of differing etiology have 

studied , r 

3 The site of capillary hemorrhage has been localized to the arteno ar en 

the capillary loop ,, , 

4 Selective damage to the arteriolar<apillary junction will explain many 

types of hemorrhagic syndromes 
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EDITORIAL 


And now Bill 

I N THESE crowded da)s when one therapeutic miracle succeeds another ii 
rapid succession, the appearance of a new substance with almost inacdibli 
therapeutic effects inspires but little excitement Successive triumphs by teams o: 
chemists, often working in commercial laboratories, appear to have left us jaded 
The isolation of vitamin Bu in the research laboratories of Merck and Company u 
this countr) ' and almost simultaneously in the Glaxo Laboratories in England’ ii 
the most recent case in point Here is a substance that, when given to a patient 
suffering from pernicious anemia, results in a maximal reticulocyte response and a 
near maximal erythrocyte response follosving a single injection of 5 to 10 thou 
sandths of a milligram (o 000005 Gm )' Has there ever been in the histor) of medi 
cine a more potent material, mtcrogram for microgram> 

Folic acid (pteroylglutamic acid) came out of the research laboratories 0^^' 
Lcdcrle Laboratories Its history has been told in these columns ’ Folic aad an 
the folic acid antagonists^ will long stand as a monument to Dr ycllapraga a 
SubbaRow', who initiated work with these materials and earned it along 

It IS of interest that a bactenum was used as the assay animal in tesang t 
these materials With folic aad, Lactobactllus casci was used, with vitamin . 
It was the I iactis Dorner ‘ Successive assays of concentrated and rcconcentrat 
material required a readily available means for assay and this the bacterium sup 
plied, since the necessary growth factor proved to be identical with t e iver 

tract factor required by the human in erythropoicsis ‘ 

Search for the factor in liver extract that is responsible for its ema 
and neurologic effects has proceeded almost continuously since 
found to be effective in the treatment of pernicious anemia ^ )C 3 r a ter 
duction of liver, Cohn' in 1917 produced a liver extract called ractio 
was a water soluble material obtained after protein precipitation 
stance a solution was later prepared for parenteral use, at con 

containing only i or 1 units per cc of extract, and later in conce fastest 

value since in a small amount of solution they gave max prevenung 

local irritation They were furthermore highly potent m combating anu 

neurologic involvement limited, particuliflf 

The place of the crude liver extracts in therapy J , t.ajjj belpfu' 

„..h.h.adv».offol.c.ad > 

LIL ol .ha p™c,o«. »am.. f« “ «“ 

pen, coo. .nannn of prefoan.) 

the response was often better than with liver extrac ^ 

did not occur , , jj^^r extract, w hich arej^ 

The mysterious relationships between folic a ^ j ^ now that chemi 
yet by no means solved, will probably become better undent 
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LvS r^cf/a „ si ; ''' » ■>' W- 

»f i.va To h ^ 1.0. If “T“ “ ’•’P'*" P°““' =ff«* 

«TOlog,cl,'llT„ u *1 P,“‘' •• «m o„ .ho 

logic afd the neuroloJir'' f ^o discredit the assumption that the hemato- 
dcficiencies pernicious anemia are due to separate 

Bii^^mstmiorTh,'''' conceivably not be benefited by 

diseases is comnn .1 indicate that the pernicious anemia family of 

CTtic anemia h n of ^ megaloblastic bone mairow and macro- 

other IS Pt'tnanly benefited by liver extract, the 

fohe acid It i^r obtained with 

tn folic aci^ tn the latter group the primary deficiency 

notice) IS as folio concept for the present (subject to change at a moment s 

PmiKtoas Antm,a Family (Mcgaloblasuc Bone Mirrow with Macrocytic Anemia) 


Addisoman Perniaous Anemia 


Spme (ceruin cases) 


Dr^dtmj in F$iJt Mi 
Sprue fcertain cases) 

Tropical Macrocytic Anemia 
Refractory Megaloblastic Anemia 
Pernicious Anemia of Pregnancy 
Megaloblasuc Anemu of Infancy 


elude lar I the syndromes in which folic acid is most effective in- 

gastne ^ those conditions m which free hydrochloric acid is present in the 
Jated, folf*^ ^ presence of complete achlorhydria, as Spies^ has already postu- 
ts lud'ican^ protect against neurologic involvement Already, there 

luia of extract, may be ineffective in the pernicious ane- 

^lU un^^?^°^’ fohe acid is highly effective ® Further investigations 

firir^.-, tedly bring a more complete elucidation of the different types of de- 
^^^®tates with macrocytic anemia 

•tmay chemical formula of vitamin Bu has not as yet been announced, 

‘s goi Presumed that work on this problem as well as on methods for sj nthesis 
I^cn made b ^ solution, Bu has a purplish hue and the startling discoi erj has 
cncg ^ ^ both the Glaxo and Merck Laboratones that this is due to the pres- 
polycvrh ^ ^ years, cobalt has been used in the experimental production of 
m Austral^^ epizootic occurrence of cobalt deficiency in sheep and cattle 

■'^luals^ New Zealand, Canada, and even in this country has been reported " 
*ud fin * ^°^®^cted have developed anemia, changes in coat, weakness, emaciation, 
®etabo^ ^ ^ the result of the cobalt deficiency The hole subject of cobalt 

thus th activities of this trace element in the human economy is 

^^itam^n^*^ ^ide-open for new vistas of research 
*boinrk''fP^ prove to play^ a prominent role not only in therapeutics but 
that an of animal nutrition It has been recognized fora considerable period 

tf^l cow*^°''"° substance or substances present in crude materials such as fish 
luanure and liver is required for optimum grow th of chicks and for 
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adequate hacchabiht} ofhen seggs ’'Recently, the admitustrauon of a coDCeotratt 
of this animal protein factor prepared by Stokstad et al '* in two cases of perm 
Clous anemia produced a well defined hematopoietic response More recently, Ott 
and collaborators” demonstrated that ctystaJlinc vitamin Bu can replace these 
crude sources of the animal protein factor ’ in promotinj; cluck growth Thus, 
Bu may be responsible either wholly or in part for the growth promoting activiiy 
of such feed supplements 

The finding of a potent growth factor in cow manure and doubtless m theexcreu 
of other animals harks back to the days of the witches brew, and to the nu« 
medicine of certain country districts Perhaps there was something in these old 
concepts of medical therapy after all i 

In this complex modern world where chenusts and physiasts and mathtiw 
naans arc constantly at work, one never knows what new complexities lie ahcjd 
of us, what new worlds awai t us in tomorrow s news ! 

WiixuM Dasieshex, M.D 
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CYTOLOGY 


StodiesontbeMegascaeyocyte I The Normal Granulopoiesis or the Meqaearyocvtb II DnnnEvr 
Geantjlopoiesis rs the Meoaeartoctte in Essential Thromdopenic Purpura £ Schtrar^ From 
Depamnent of Hematologic Research Michael Reese Hospital, Chicago, 111 Arch Path // 333-353 
194S 

This senes has as bacliground Schwarx s experience since 1888, when he published his first paper and 
his chief preoccupation was with morphology and biology, to his recent freedom from clinical and 
teaching duties and a return to studies in cytolog) His contribution to the megahar) oc) te problem is 
chiefly a focusing of attention to the previously neglected dcselopmental hiitor) of the granulation and 
the light areas in the cytoplasm After becoming thoroughi) acquainted with the appearance of carh 
developmental forms of normal megaharyocytes, his studies were carried o\er to cases of Werlhof $ 
essential thrombocytopenic purpura In mcgaharyoblasts and early promegakat) oc) tes the first e\ idence 
of granulopoiesis appears in a light staining area located close to the nucleus Because this area increases 
and becomes pinJash with the growth and development of the cell, Schwam has designated it the flint 
tional area In the light of some recent studies on the cytoplasm of immature blood cells, the proposed 
term is particularly satisfimtory because it probably represents the negatise images of undcrl)ing 
cytoplasmic organoids and as such justifies the importance which Schwarz has assigned to it Under 
normal condiuons, the funcuonal area is related to granulopoiesis But under pathologic conditions, as 
in some cases of essential thrombocytopenic purpura, the functional area does not produce azurophilic 
granules and it may even become hyahtuzed According to Schwarz s anal) sis of mcgakaryoc) tes in 
essential thrombocytopemc purpura, these cases fall into three groups those ssith intact granulopoiesis, 
which arc the common type those wuth funcuonal disturbance of granulopoiesis, and those with de 
generauon and destruction of megataryocytes The type with hyalinization of the functional area ma) be 
due to deficiency of some substance necessary for megalcaryocyuc granulopoiesis It is to be regretted that 
this important article was not illustrarcd with colored plates 

OPJ 

Contribution to the Patholoot or THROMBOcrrooENESis F Hifmmskj From the Department of 
Medicine, Hospital of Chaucable Sisters, Prague Cas Ick bes tf ijz, 1947 

In accordance withjasifiski eSchw med Wschr 1118 1944^ the megakaryocytes were classified into 
•IT groups, namely megakaryoblasts promegakaryocytes, basophile megakaryocytes transiuonal 
forms granular megakaryocytes and nude nuclei 

In five cases of thrombocytopenia the racgakaryocytic formula was the following 
Case 1 Myelophthisic anemia due to radium with leukopema and thrombocytopenia Formula 
° - I - 3 - 15 - 77 - 4 

Case X Acute thrombopenic purpura Formula 1-11-13-14-48-0 
I-ASE 3 Recurrent essential thrombocytopenia Formula 1-3-7-16-71-1 
Case 4 Essenual thrombocytopema. Formula o — i-j-8-79-6 

Case 3 Hypersplenic thrombocytopenia in splcnomcgalic cirrhosis Formula 1-4-5-6 - 
No relation could be found betsvecn the intensity of the morbid state the appearance and num 
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platelets and the distnfautton /onnula of mcgahaiyocytcs in the hone marrow, nor was hypcrscptcoti 
non or sacuolization of megakaiyocytes in any svay conneacd with the speahe thrombocytopom 
syndrome In many cases of disturbed thrombocytogenesis no changes at all conld be obsrrred m tit 
megakaryocytes in the bone-marrow 

MJ< 

iNDiviDOALCetisUNDnaPiiASEMicaoscoPTBEroiiBANDAiTKaFncATrov R Bitcilhtm Fromlnsunitcof 
Radiobiology and Biophysics, The Unis'ersity of Chicago Chicago lUinois Anat Rcc rt*. ly-yf 
194S 

The use of phase microscopy makes possible a method by which the cytology of living and dying ctlli 
can be studied t\ ithout the interference of fixatives Zollinger has recently reported changes obserted of 
tumor cells in viio and in vitro with the phase microscope (Am J Path ) Buchsbimn has ntflued 1 
a similar approach to determine ss hich fixatives yiield preparauons most representative of the hving cell 
His studies were limited to salamander macrophages grown m tissnc cultures Certain fixaovci hb 
absolute alcohol, Carnoy s and Boom s solutions distort the cytoplasm more than the nucleus Fbnnol 
alone in alkaline solution was a better fixative than either of these and better than formol in sad lolunon. 
The best general fixatives were Zenker formol and Zenker formol-osmic, the latter being the better of the 
two Although phase nucroscopy alone has not revealed any new structure which had not bren pteserveJ 
by the better fixatives it does offer a means of checking the rationale for using them 


Locauzation or Ltpios ako Otkeu Chkmicai, Substancbs in ths Mast Cants or Man and lABOtAiosT 
MAsrstAis IV Mtnta^ru trtj C R. Nciack. From Department of Anatomy Long Island College of 
Medicine, N Y Anat Rec rev 535-546 1948 

Because there is convmaog evidence that tissue mast cell granules contain hepann ijuite s 
articles have been published recently deabng ivith observanons on the chemical cytology 
The present article extends this knowledge by dcmonstratuig that mast cell granules contsm pbospoo" 
lipin peroxidase and lipase ^ pj 

Astiration or Bon* Maicaow most the Iuac Cansr Coiivaiuson or Iuac Caisr and 
MA aROW Studirs AL A Raimiteia From the Moutefiore Hospital, New York N T J 
r/7 laSi-riSp 194S ^ 

The author of this article has performed over 1000 aspirations of the iliac crest bone 
presents his findings and technic with the thesis that marrow puncture, when indicated ^ 
easily safely and advantageously at the iliac rather than the sternal region. In 2 j 6 of e 
comparative studies were done on samples of marrow obtained simnlataneoosly from ^ 

the normal marrow picture was idcnucal at both locauons and when the raarroiv was a 
pathologic alterations usually occurred in parallel fasbicm m both areas luferv since oo 

The advaouges of the ihac crest over the sternum according to the author, in u e W ^ 

vital organs undcrUe the ilium (a) case of pierformance by virtue of less pm an ’ sppte 

at the sternum and (3) ease of repeucion tchv invoIrtB«>' 

Of especial interest were those diseases of the marrow in ivhich there svis ^ dugut^ 

bone certain leukemias, osteosclerosis myeloma neoplasuc mfiltranon was 

was made by iliac aspirauon after a stcr^ puncture was fcuitless (1“ 0 ' ^j^rfow asp>ts“‘” “ 

The iliac bone bears no special virtue in such cases presumably, m «<* otsti-iMf 

various portions of the sternum and ar the spmous processes— as vrell as at of cas-s 

qnired to obtain diagnostic information The statement therefore, that in ^u ^ ^ 

nant infiltrauon of the bone marrow neoplastic cells were seen more 0 
sternal aspiraBon 1$ somewhat startling and will bear substantuOOT aptrstiM 

The ilium, spmous processes, and sternum are now commonly “V of i^ue over siflglr 
bone marrow In selected cases multiple punctures inrhese si 

ar any one site (Sre Logc Blood y 198 1948 Dnnsebek Blood y 109 t 94 ^ g £• 
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ERYTHROCYTES AND ERYTHROCYTIC DISEASE 

Ch»ootc Haeiiolttic A>raj.nA WITH HAEvtooLOBiNuaiA The Maechiafava Micheu t SvNDBOME Af D 
HicktjanJI^K Malltj From the Mater Miscricordue Hospitil, Dublin Quart J Med 17 i 1548 
Thc49 jrar old man whose case history is reported in this paper showed nocturnal hemoglobinuria for 
a ptnod of ten dajs beginning nvcntj four ^ys after multiple transfusions He exhibited persistent 
hemoglobinuna without diurnal sanation during the oral administration of iron but at other times he 
free of hemoglobinuria 

Scrum heated to 56 C was shown to have an inhibitory effect on hemolysis of the patient s cells in 
vitro, and the intravenous administration of4oocc of heated serum was foIlo^^cd by a cessation of hcrao- 
globinuna for thirty-six hours 

The number of cells susceptible to acid hemolysis was computed and correlated with the effect of trans 
fusion and the reappearance and cessation of hemoglobinuria However ;udging from the dau presented 
It IS evident that the occurrence of hemoglobinuria 1$ influenced by some factor m addition to the number 
of susceptible cells present 

R^E 


Tkde Peekioous Ake^«a WITHOUT Achlorhydria AlexMjrrfby M J Australia i 52.1,1548 

The finding of free hjdrochlonc acid in thegasme secrenon of a 13 year old girl who appeared to have 
typical Addiaonian pemiaous anemia led the author to attempt to satisfy all entena as to diagnosis and 
to exclude other types of macrocyuc anemia The sab|cct appeared to have pemiaous anemia because of 
a typical reticulocyte response to refined liscr extract followed by a nsc in the ctythrocjtc count and 
hemoglobin The only atypical finding was an MCHC of 17 6 per cent which is not explained Later, a 
tclapsc was induced by withdrawing liver which resulted in reappearance of anemia and nucrocytes 
Biologic assay demonstrated a lack of cxtnnsic faaor in the gastne contents The failure to find megalo- 
blastic change m the marrow nukes the case not quite complete but is readily explained since marrow 
examination was not made until seventeen days after treatment Megaloblastic changes did not occur 
during the partial relapse The author believes that it is possible to conclude that true pernicious anemu 
^ and docs occur in persons with free hydrochloric aadmthcirgastric juice and therefore thacachlor 
hydna is not essential to the development of true pemiaous anemia 

R.SE 

Anomalies or the Intestinal Aesoeption of Fat II The Haematoloot of Idiopathic Steatoebhea 
^ T Coo\XfA C Fr^er^ A L P Fftiuj H O S0fnpums 0nd M. D Tbopjpsfffi From the Queen Elizabeth 
Hospital and the Deparctnent of Mcdtanc and Pharmacology Birmingham Uni\'cr5itj Quart J Med 
^3 1548 

Studies of the peripheral blood particularly the red cell morphology of idiopathic steatorrhea arc 
teponed The most consistent abnormalities were the increase in mean cell diameter an increase in the 
diameter thickness ratio and an increase in resistance to hemolysis in h)’potonic saline The mean 
corpuscular hemoglobin concentration was below normal in most instances In 4 of 17 cases studied the 
•tcrual marrow was indistinguishable from that of pemiaous anemia In the remaining 13 the sternal 
^^i^ow showed a mixture of iron dcfiacncy normoblasts and large atj pical normoblasts Fecal urobihno- 
was increased in 5 of ii paticntj studied There was no consistent response to thcrap) «ith refined 
^d crude liver B complex iron and a variety of other agents The authors discount the siroilani) of 
^ c anemia of idiopathic steatorrhea to pemiaous anemia and the unitarian theory of the ctiolog) of 
^croc)tJc anemias in general a concept which in its strict interpretation has alrcadj been challenged 
the discosTry of the Wills factor 

authors conclude that the simtlantj of the aocniia of idiopathic steatorrhea to p*micious anemia 
15 largely superficul 

R^E- 

* 1 ® Noxmal Red Cell in Infancy and Childhood Some Recent Ap\ances D Dj Litnr I J 

^o/fTun From The Children t Hospital of Philadelphia (pepanment of Pediatrics School of Medicine 

o'vcrsitj of Pennsylvania) Am J M Sc. a// 654-705 154S 
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This article discusses in x general vray the strocturc of the red cell and hemolytic mcchanisins with 
special reference to osmotic resistance Fetal crythrogcncsis and normal red cell values in infancy and 
childhood arc also rcvicivcd References arc vrcll chosen and bring the subjects dealt with up to date 
relating to pediatrics hematology 

CAF 

OnseavATtotis on ANBstiM in SvAavaTioN 0 From the District Hospital L 114 in Tcietln 

ghetto Cas Ulc Ecs t6 583, 1547 

These observations svcrc made on prisoners in concentration camps in Tcrczln Bohemia Under ci 
trcmcly didScuIt conditions, the author succeeded in performing blood examinations in 50 healthy 
male prisoners, the red blood cells were almost normal m number but they were distinctly maerocync 
with color index of t a to i 3 These blood examinations were snpcrviscd by Professor Hirschfcld who 
himself, was one of the prisoners This tnacrocytosis seems to have been conditioned by a deficiency in 
ammo aads and vitamins, but no definite coriclnstons coold be reached in view of the imposnhihiy of 
exact scientific investigation 

MN 

RKTicnxocrrrxs Exasunud bt the DaxmEaD Mnmon F Irhwr From the 3Td Medical Qimc, Chirlci 
University Prague Cas Ifh Ees W ii, 1547 

Reuculoc)ce studies svere made by the datkfield method desertbed by A Nuct (Acu med Stand 
1544) The identification of reticulocytes by the darlAeJd method of miaoscopy was vtay easy the 
graoulofilafflentar substance appearing in the form of spots and threads of varying sue and 0/ yellow 
greenish hue 

Fifty healthy y oung men and women betsveen 18 and 38 years were examined by this method the per 
centage of reticulocytes was higher than with the usual method using i per tent solution of hnllimt 
cresyl bine (darkfield 5 to 36 pro mille, brilliant cresyl blue 0 3 to 14 pro mille) 


Development or Heinz Bonres M From the Clime of Occupational Diseases, Charles Univetsiiy 

Prague Cas Idh tes S( 1183 1547 L^mie 

The development of Heinz bodies could easily be followed in rabbits poisoned by 
This toxic agent admioisreted to the animals in the daily dose of to mg /b.g , provoted a 
anemia with a steady decrease of hemoglobin and the ted blood cells so that by ihe seven^ y * ' 
ber of red blood cells fell to one fifth of the original count Heinz bodies appeared Mi ' Ilvdu 

as the second day they were attached to the surface of the cell by a land of pseudopod w 
appeared and the Heinz body was set fret to circulate in the blood stream. Nile blue sulfate was 
dye for the supravital staining of the Heinz bodies 

Plasma Ieon in Blood Diseases L Dnntr From the ind Medical Clime, Charles Univeisity, 

Cas Itk Jes <4 iii, 1947 drscraiias 

Plasma iron determinations were made in patients tuffermg from vanous ol typochtntmc 

of plasma iron was found in acute or chronic blood loss (37 cases) m chlorosis 0 ^ase , 1 
anemia (5 cases) m polycythemia C5 cases) and in chrome leuVcmia (8 cases), increase 
was found tn aplastic anemu (6 eases) and in pernicious anemia (zfi caws) ^ obserivd “ 

Influence of treatment on pla.ma iron was very iiiatLed m some cases, ocewtH 

chrome IcuLemia and in polycythemia following x ray therapy decrease to su n 
ID pernicious anemia following liver therapy M> 

Avihia AJ''P 

Folic Aod Thheaet, Its Eteect as ChssEavED in Two From V ajxe ^ 

Lootc Stmvtoms. BjS D jKtism L Berman A ^ ,nd the Anemii labeva"^ 

vcrsity College of Medicine and City- of Detroit Receiving Ff“P ’ 

Harper Hospital Detroit Michigan J A M A ry/ 8L5-fi=-7 
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Thu u an additional rcpon emphaimng the occurrence of neurologic relapse in patients with pcmi- 
aons a ne mia under treatment ivith folic Cpteroylglutamic) acid Two patients aged 78 and 61 respec- 
uvelp, showed good hematologic, clinical, and, imtiallT', neurologic remissions during treatment with 
folic add In both insunces, numbness and tingling of the extremities improved, and in the second case 
where drowsmess confusion, and irrationality were present, these symptoms also disappeared On 
maintenance doses of folic acid however (10 mg daily by mouth) parcsthesiae recurred, and these and 
other neurologic symptoms and signs progressed despirc increase in the dosage of the drug Liver extract 
was ulumately given instead to each patient with apparently satufactory response 

It IS of interest in these as in other similar cases, that the paresthesiae initially present disappear on 
treatment with a drug which subsequently allows their redevelopment One wonders whether originally 
the paresthesiae were not, perhaps, on a noncentral basis, and that at the time of their recurrence — to- 
gether with vibratory sensation changes, position sensation changes etc — they arc due to a lesion 
different from that which caused them initially At any rate liver extract and not folic aad alone, 
seems necessary for the satisfactory clinical treatment of such cases 

SE 


HEMOGLOBIN AND HEMOGLOBIN METABOLISM 

The ErracT or SraoMA Free Haemoolobik ON THB Ischaemic Kidney or THE Rabbit A W Budertccb anA 
E M Dtrmtdj From the RAF Hospital, Wronghton England Bnt J Eiper Path ay 115-113 
1348 

The authors conducted a senes of experiments in rabbits combining right nephrectomy and left renal 
^ttery occlusion with or without the subsequent injection of stroma free hemoglobm The results show 
that hemoglobin per se is not toxic and that renal damage must precede a detnmcntal effect from either 
hemoglobin or its derivatives 

OPJ 

Cyanosis IN Treatment WITH SuiroNAMTDEs JV Htuhttr 0ndbA Kjtst From the University Institute of 
Pharmacology, Berlin (Germany) Schweiz med Wchnschr 77 i337“i339 ^947 
The authors critically discuss recent publications and maintam their formerly given opimon that 
‘Dethcmoglobin and snlfhemoglobin have to be considered as the primary reason for cyanosis msulfon 
Afflide treatment They agree, though, that under special condinons further causes may intervene 

Evaluation' or Somb Mbthods of Hemoglobin Determination M . "Rfjjkffvd and iC. Kejjtk . From the 
Clinic of Occupational Diseases, Charles University, Prague Cas te 2.37, 1947 
"Hic results of hcmoglobinomccry, obtained with Sicca hemometer were compared with those of 
Sahh * aad hematm method and of the phocometne procedure of HeUmeyer Mutius, with the Sicca 
^ometer and the photometric procedure oxyhemoglobin is reduced to hemoglobin by sodium h)dro- 

Sicca hemometer proved to be the most reliable apparatus of hcmoglobinomctry it was more exact 
the procedure of Hcilmeyer and Mutius Sahlis method using acid hematm is scry unreliable and 
* t^d be discarded from sacntific laboratory wort , 

The results obtained with any one of the procedures were compared according to statistical 

'I Js 

^^PHYncocHEMicALPaopERTiEsorTHBBtoODBiuaDBiN A1 NrWfL Ftom the Medical Dcparim-nt 

Sutc Hospml Motol Prague Cas Ifk 5cs l( 799 1947 „ , . ■ 

Kilubilitj of the so-called indirect bilirubin in chloroform svas discos cred b) D-rer and the autho- 
»^7 independently of YIIp5 (1913) and Grunenberg (19x3) the nature of this pherom-uoa has roi 
>■« b-cn elucidated 

In cancerous sera bilirubm may be soluble in ether This unusual property of the blood bilin.fcm 
“‘’KTYcd first by Ascoh (1335) and Albers and Merten (1940) ^ 

P ^ *omc use m discriminating calcxdous and cancerous obstruction of th co -non i - -"t 

cr studies m this direction are desirable 


M \ 
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BLOOD TRANSFUSION 

ExsAKOOTKATioNTRAKsnmoN IN thbTrbatmbkt OF Erythroblastosis Fbtaus BaiurJ 

From the Sure Health Institute and the Maternity Department of the City Hospital Pra^ Cm 
HL Ics S 6 1517 1547 

A desorption of three successfully performed cxsangmnation transfusions is given All were Rhposi 
uve infants bom of Rh negauve mothers and free Rh anabodies could be demonstrated m thar sera m s 
high titer, the sera of their mothers contained Rh anabodies m a high titer as well 

A simple syringe technic was used m these transfusions Native blood of the donor was given mto the 
left saphenous vein (in the third ease also mto the cubital vein) and the blood was let out from the opened 
right radial artery or its branch In the first case 430 cc of blood were transfused and 300 cc. of blood 
were withdrawn as this proved not to be sufficient the transfusion was repeated so that a total of 880 
cc, of blood were transfused and 470 cc withdrawn In the s-^ond ease 430 cc. of blood were transfused 
in one session and 38c cc of blood withdrawn In the third case, 590 cc of blood were transfused and 
430 cc withdrawn The transfusion lasted from 50 to 50 minutes The results were satisfanory all 
three patients did well No hepann was used 

MN 

Denatured Veal Plasma to SuBrnruxE Homan Blood and Plas^ia for Transpusiom Purposes J hitlh 
Vlad Rapanf ondB Zapletal From the Institute of Physiology and the Departra nt of Surgery Palacky 
University Olomouc CacchoslovaLia Cas Idk ics S 6 33 1947 

Denatured veal plasma was prepared according to the method indicated by Massons (Lancet a 3^1 
1546), the dcoaturauon of plasma proteins was effected by formalin and heat. This liquid was completely 
devoid of any antigcmc or toxic properties it had the same usual colloid osmotic pressure as before and 
did not provoke any scnsicuation m the rcapicot s body The denatured veal plasma can thaefotc be 
considered a most perfea subsutucc of human blood or plasma for transfusion purposes it is claimed 

MN 


The Blood Bant IN TRB State Health Institutb or Prague Sttl^ffd StftfirucvJ State Health Institute 

Prague Cas Idk ccs i 6 , 1947 

The distribution of blood groups has been determined in 6478 mhabiunts of Bohemia The results 
were Group o 37 8 p'T cent group A, 41 5 per cent group B 24 i per cent group AB 6 6 per cent 
subgroup Ai 89 3 per cent subgroup Aj, lo 7 per cent subgroup AiB 70 per cent subgroup A B 30 per 
cent group M 33 p-r cent group N 15 per cent group MN 52. per cent: 

Among the universal donors, only lo p*T cent had a low agglutinin mcr 


X 

Is Placental Blood Suitable for Transfusion? V Rjcfek . From the Maternity Hospital in Prague 

£cs i 6 1146 1947 , ^ 

The author preserved and stored placental blood taken from icxx? pafiuricnt women an oun t 
procedure to be harmless to the mother as well as to the baby This blood was safclj used m 57 tran ^ 
510ns performed in the hospital or elsewhere and its biologic value was found to be perfca th 
suited from physicochemical and biologic investigations of the placental blood performed by t c 
Its high content in hemoglobin calaura and hormones makes it very suitable for transfusi^ 
the absence of isoagglutimns or their low ntcr makes the transfusion of placental blood 1 c pr 

There is no danger of scnsitixation if repeated transfusions arc administered The cost 0 t c p 
blood IS insignificant and the rcchmc is simpler than that of uking sxnoas blood ation ofs 

By storage of placental blood the task of a blood donor scrv ice is made easier and * ^ 

satisfactory tran^sion service c\xn in small county hospitals is facilitated All inHud'd 

all departments of obstetrics should store placental blood systematically and ought t m 

the network of the transfosioa service With two thousand dclisxricsj carl) “ ^ou ^ 

at least one hundred liters of blood and in this way the maternity ho$pi«I shoul a ^ ^ 

whole distnct The technic of preservation and storage of the placental blood simp e 
performed anytvhcrc 
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The Sdrvi\ al or the Viruj or Foot and-Moutii Disease in Blood at yfZ J B Brnksby From the 
escarch Insututc Pirbright, Surrej , England Bnt J Exper Path aj 10-15 1548 
During certain prcliminar) cxpmmcnts it was noticed that the virus of foot and month disease sur- 
vived longer in citratcd blood than in defibnnated blood BtooLsby has shown that the presence of cal 
emm ions in guinea pig blood or serum hastens the inactis ation of the virus at 37 C Other decalcifying 
anticoagulants such as sodium fluoride and potassium oxalate had the same effect as atrate in that the 
maanation was prolonged The virus in hepariniied and dcfibrinated blood behaved similarfy Further 
stu cs may reveal that the effect of the Ca ion may be direct on the virus or it may be on some enzyme 
system 

OPJ 


LEUKOCYTES AND LEUKOCYTIC DISEASE 

Neurouxjical Makifestations IN Leukemia J Ltb 4 ttskj arul E Panta From the ist Medical CUmc and 
the Clinic of Ncr\ous Diseases Charles University Prague Cas lik Ecs S 6 1144 1947 
Three cases of leukemia \\ith ]n\olvcmcnt of the CMS arc reported m this paper 

I A male of 36 years Sci ere headache for three weeks followed by unpaired vision of the right 
nausea and signs of meningeal imtauon Acute myelogenous leukemu with 73 6 per cent myeloblasts 
'^as found at blood examination Autopsy revealed a rumor hkc mfilcration of the C N S cspcaallyof 
the dura mater on both the convexity and the base 

Case 2 A male of ai years Intercostal neuralgia followed fourteen days later by signs of spinal com 
pf^sion, blood examination revealed the prcscDcc of acute myelogenous leukemia with 44 per cent myclo- 
Autopsy showed an epidural inhlcranoo of Thu to Thvni On the inner side of the stcroum aflat 
tumor 7 X 4 cm was found, consisting of oxydase posiovc myeloid elcrocots, this snbstemal tumor, as 
^^11 as the epidural infiltration and the bone marrow had a definite greenish color so that the leukemia 
proved to be of a chloromacous charaacr 

Case / A man of 53 years suffenag from chronic lymphatic leukemia, developed herpes zoster, the 
histologic cxamiaanon, performed at autopsy showed a massive leukemic infiltration of the inccrvcrte 
ganglion and of the nerves supplying the area affected by the herpes zoster 
The authors reviewed the literature and collected about 300 cases of leukemia shoiving neurologic 
symptomatology The neurologic lesion most frequently observed m leukemia is a spinal cord lesion 
resulting m paraplegia, next in frequency follows hemiplegia caused by cerebral hemorrhage and Icukc 
with signs and symptoms of a cerebral tumor with or without papilledema Lesions of the cranial 
tiervcs, especially the 7th bulbar paralysis damage of the Gasserian ganglion lesions of other cranial 
^ves peripheral nerve lesions symptomatic herpes zoster and meningeal lesions are less frcquentl) 

wcouDtered 

The leukemic lesions of the C N S arc due to leukemic infiltration or to hemorrhage primary degen 
^uve changes analogous to funicular mvclosis of pcrmcioos anemia arc quite cxccpuonal and their 
^Jicncc would be acceptable in only some cases assoaated with severe anemia of long duration 

^ ^ MN 


^^OTBBRAPY OP Neoplastic Disease D A K^ejsky From the Sloan Kettering Institute and Mcmonil 
Hospital NYC NevvEnglaodJ Med a,, 1948 i Methods of approach ii6-z30 a. Trends in cr 
Pwmcntal cancer 160-0.70, 3 Agenrs of clinical value 195-305 

This authoritative article deals in sccuon i with the various invcstigauve approaches to treatm-nt of 
“Kiplastic disease and with methods of evaluating the effect of test substances on tumor tissu- Section - 
«"amanzcs the evidence for the experimental use of biologic products (Baacna molds and roto on 
and tissue preparations vitamins hormones) cell poisons (nitrogen mustards urethane colchicine 
^ophyllin) arcmogcnic agents radioacnve substances and miscellaneous compounds (d) cs b-ptald- 
F E stilbamidine enzyme poisons) 

Di practical interest is the discussion of clinical use of these agents particularlv the detailed discussion 
^^ogen mustard therapj of blood dyscrasiis and 15-mphoma The author alto comments on cffc-tiv- 
n *'adioactivc phosphorus urethane and Fowler s solution in this regard 
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Temtoiakt RswisnoOT m Acitte Liuebjiia in Chicdun Proddced ar Fouc Acm Antaoonhi 4 Aw 
NOPTEKOTi.-onrrAfnc Aon (AmNowEBiM) S Faiirr, L K. DiammJ R D Mirm, R F Sjlnsttr Jr 
mtdj A if'elff New England J Med i}t 787-753, 1548 

The authors report on i6 infants and children with acute leukemia treated with aminoptcnn In this 
group 10 showed clinical, hematologic, and pathologic evidence of improvement Detailed accounts of 
the 5 most fat arable cases are given The observations extend for no longer than three months after th 
beginning of therapy Stomatitis svith ttlccration was mentioned as a tone manifestation of the drug 
While the immediate effect of launoptcnn on the course of Icnkenua is dramatic m some instances, 
the prclitainary nature of this report and the scserity of the toxic mamfestations of this dmg should b" 
emphasized 

CAT 


DirmsE PcASsiA Cell Mvelosis Report or a Case in Wmen It Simiujited Aplastic Anesoa on Post 
HORTEM EiAsaNATioN S £ SUrtctrti^ B E Armtrmf E Lctfftr tni W RUmhs From the Depin 
ment of Pathology and the Hektoen Institute for Medical Research Cook County Hospital Chicago 
HI Arch Path a/ 380-384 1548 

If a case of multiple myeloma has a diffuse lavolvcmcnt of the marrow without an infiltranon of otbcf 
organs, the examining pathologist might be misled by the gross appearance at necropsy The anthots 
report such a case which had a diffuse myelomatosis of the marrow wnthont any localmng lesions tnmot 
formation or p*riphcral plasmacytosis 

OPJ 

Plasmocttic LfioxEitiA F lahcptc From the 3td Medical Clinic, Charles University Prague ^ss. lit. 
ies S( 1366 1J47 

A rare observation of plasmocycic leukemia m a man of 41 years 1$ reported Durauon of the disease 
from the onset, was fourteen months The Wood picture showed a slightly macrocytic anemia, modtratt 
leukocytosis of 38 000 and 6 l per cent myeloma cells 


T»EAT»tBNT OP Multiple Mheloka wmr Stilbamidinb Clinical Results and Moapnoiooic 
Chanoes Bj I Snapper From the Mount Sinai Hospital New York N Y J A M A 177 5m* 

At the anginal nmc of this report Qanc 1^7) some 35 pauenu with multiple mjclomi 

treated with ftilbaimdinc a compound found to be effective in kalx azar, and originally tn 

because of the common factor of hypcrglobalincnua in the two otherwise unrelated condiuons 
relief of pain is recorded by the author in some cases and at least partial relief was noted ^ op^^ 
of his cases There was no effect, however on the underlying disease itscU or on Jtsbi ^5 the 

tiooi (^cncc-Joncs proteinuria hypcrglobulincmia) As previously noted the stnking 
development in the cy roplasm of myeloma cells — and in these cells only— of ^ 

a conjugate of stiJbamidinc with the nboscnudcic acid of these cytoplasms The dittifl* 

baimdinc for such (ytoplasm suggested a fandamentaJ charactcnstic of the plasma cc e . 
guishcd It from all other blood cells The relationship to cither the cause or the trcacmcnc 0 
however was still to be determined 5^ 


SuesTAi'^ces DtaivP^ 

OBseavATioNt in Guinea Pias Foixowino Ir0KcnoN or SrKanc Heuatoto^J Denartmcnt of'nicn 
PEON Urine or Human Leuxewic Subjects. A Samtikj and £ Af Afrjrr o” 
peuucs, N Y V College of Medicine New York Oiy Am J P»th za j,y chlcw^*® 

Excrcu of urines from pjticnts with myeloid or lymphoid Icukemii were w« oinl m ’ 

extracuon These were separated into carbiools and noncatbinols by Eaacum 

second type of extraction Gmnea pigs were injected either seb^uncons y 
tionof& nodes, spleen, hver adrenals, kidneys ^ f 
hyperplasia and infiltraaon depending upon the extract Carbmol (ly’°f* ’ 
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lymphoid reaction and noncarbinol (myeloid) extracts produced a specific myeloid reaction The results 
of these experiments justify further attempts to purify and concentrate the actne factors involved 

OPJ 

Ctcuc Aoxanulocytosis R Mm-atera From the and Medical Clinic Charles University, Prague £as 
MV. czs !6 1346, 1547 

In a gjrl of 15 jears suffering from agranulocytosis following immoderate use of amidopyrine (348 
grams within one year) a marked recurrence of fe\cr» leukopenia and appearance of necrotic areas in the 
gums could be observed in connection with the menstrual periods Penicillin and transfusion were in 
effcaivc but it was found that folic acid and p^ndoxine were followed by a complete disappearance of 
all signs and symptoms 

M N 


THE SPLEEN 

Splenomegaly D Sytm/ttrs From the Laboratories of Pathology Belles ue Hospital New York City 
Arch Path 4; 385-405 1548 

This IS a general review which, for conscnicncc sake has assembled the splenomegalies into the fol 
lowing groups Those of mrculatory origin mechanical metabolic blood dyscrasias unknown nature 
and finally ncoplasmic and cystic splenomegalies This excellent article has drawn upon material ob- 
tained from 13 731 ncaopsies at the Bellevue Hospital during the past 30 years 

OPJ 


Hamartoma op THE Spleen Report of Three Surgical Cases W G KjrkJtnui unJ J R McDenaltl From 
the Division of Surgery Mayo Clinic Rochester Minn Arch Path 44 37i~379 '548 
Certain dcoplasms consisting of an abnormal mixture of the normal components of an organ have 
8een referred to as hamartomata ever since the term was proposed by Albrecht in 1304 Kirkland and 
McDonald studied splenic neoplasms removed surgically and found 3 cases which seemed to fall into this 
category One of the outstanding features of each specimen was the ramifying spaces or channels lined by 
endothelium It has been suggested that this is a specific benign tumor and that perhaps some hcmangi 
omiti of the spleen previously reported actually belonged to this group 

OPJ 

The Effect of Heavy Muscular Work on the Volume of Circulating Red Corpuscles in Man G 
From Sabattsberg s Hospital Stockholm Sweden Am J Physiol 149 180-4 1347 
Since Barcroft s demonstrations in 19L3-19L5 that the spleen of dogs is capable of storing large quanti 
•in of blood for use in emergencies (exercise administration of epinephrine) the reservoir function of 
• c humgn spleen has been considered correspondingly well established Little experimental verification 
this thesis, however has been offered 

1 'be present report Nylin tested whether severe muscular ivork could be shown to result in splenic 
^traction and emptying of the postulated stored blood in human adults He injected blood containing 
»bclled red blood cells (labelled with radioactive phosphorus) into 5 healthy men and took blood 
« in ten and again in fifteen minutes after the injection The subject was then made to do severe 
nscular work and two further blood samples were taken, the first at 15-31 minutes the second at 17- 
' h samples were subjected to radioactivity determinations in a Geiger Mfillcr counter 

1 ^previously been shown by the author that the radioactivity of the blood remains constant for at 
L , dilutes after such an injection hence the volume of the circulating red cells could be measure 
redioanivity of the blood Presumably if any reservoir of blood was present which responded to 
ih. exercise discharge of red cells from this rcserv oir w ould change the radtoactiv iiy of 

"’"'■;™'>fng blood 

withf actually that there was no change in the specific activity of the blood after cimise 

as enm ‘be patients the mean circulating cell v olumc b-forc work was 1,408 ml 
4 ^ 'voeb ‘be mean circulating total blood volume before wot was 

4 as compared with 4 855 ml after work Since the amount of the red cells was unchanged it 
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was conclndcd that there was no reservoir which empties red cells into the circulation after wort Tim 
result is in contrast with the worh of Barcroft ^on dogs), and svith the comniotilp held opinions that 

epinephrine contracts the spleen and thereby increases the number of orcnlating ted cells IfvenEcd these 

conclusions would be of great importance 


BLOOD COAGULATION AND HEMORRHAGIC DISEASES 

Manaqbxient of Gastric Khmorriiaob Vsxuo Topical Thrombin T M ^^ers J A M A 1035- 
1036 1548 

This IS a clinical report of the cessation of severe gascnc hemorrhage m two cases following the intro* 
duction into the stomach of a solution of topical thrombin 

Especially impressive is the dramatic cessation of repeated massive, almost-cxsangumatiiig hemor 
rhage in the first ease a 64 year old man with a prepyloric ulcer This patient bled repeatedly and scTcrcIjr 
despite rest sedation (lodading the desperate use of pentotbal sodium intravenously) epmephnoe, 
vicamin K parenteral feeding As a final measure 10 000 units of thrombin mixed with 1 5 cc of isotonic 
sodium chlondc solution were given orally, and repeated three times daily for five days No bleeding 
occurred after the first dose of thrombin, and the patient progressively improved 

Although It IS impossible definitely to demonstrate cause and effect m a ease of this type, the clinicil 
data strongly suggest that the thrombin was responsible for the cessation of gastric hernorrhage ami 
recommend its further trial in other similar cases 

SE 

Thrombopenic Porpora Following Quinioinb F L Ntuitlman, I L and C D HfW Ftora the 
Third (New York University) Medical Division, Goldwater Memorial Hospital, New Yorli NT 
J A M A /37 iLi^iiio 1548 

According to the authors this is the second recorded instance of the development of thromboQ'topeni* 
following the use of quinidinc (Less rare is thrombocytopenia following quinine ) 

The patient was a 57 year old woman who rcccivtti o 6 grams of qumidine daily bccaosc ® 
ventricular tachycardia in hypertensive rheumatic heart disease After she had taken 6 0 grams 

drug in II days she began to bleed from the gums, and was found to have pctechiac, ccchymoscs, t ^ 

bocytopcnia (4 coo platelets per cu mm ) increased bleeding umc posmve capillary fragility tests ^ 
poor clot retractility In the bone marrow, megakaryocytes were normal m number and 
the differential count of the marrow cells was normal A blood transfusion was given, ^ 
made a rapid recovery Subsequently a test administration of o i grams of qmmdtnc result m an 1 
cal exacerbation of the syndrome ^ c 


Excessiv e Hvpoprothrombinemia Dub to Dicumarol Its Tkeatment with 

S W Osgnff K J Cress and D V Hapf From the Departments of Mcdianc and Swgcry 

University College of Physiaans and Surgeons New York J A M A ri^ 4o5"^> ^ 94 ® cener 
The authors suggest the feasibility of using rcconsutuccd lyophihrcd plasma in c erne 
ment of excessive hypoprothrombincima due to ovcr-dicumiroUtanoa control it 

The prothrombin time of such plasma was found to be normal (11.7 ^5 * hrorabm 

seconds), and the administration of 500 cc of such plasma to 13 paaents svith big pijinu 

(43 o to 97 seconds) was found to cause a prompt return of the prothrombin time 0 c 
to safe levels (actually xl to 38 seconds) The effect vras transitory however an j,Iccding 

had disappeared by as little as six hours Since none of the patients m the 
any effect on the hemorrhage of hypoprothrombincmia could not be ascertain 

The method may be added to the more conventional ones for cmCTgracy ^ ^ 

nation, V12 the use of synthetic vitamin K prothrombin time 

interest to determine how small an amount of plasma suffices to shorten pr 5^ 
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CONDENSATION OF THE FIRST TWO REPORTS OF THE COMMITTEE 
for CLARIFICATION OF THE NOIVIENCLATURE OF CELLS AND 
diseases of the blood and BLOOD-FORMING ORGANS* 

The Terms and DEnNinoNs for the Cells of the Leukocytic, Thrombocytic 

AND Erythrocytic Series 

Clanfication and definition of terms is urgently needed for the sake of a common 
understanding in clinical usage and in teaching of medical students and techmcians 
The choice of a preferred term, it was agreed, should not be based merely on 
histoncal priority or common usage but, in general, should represent the simplest, 
clearest and most descriptive term Eponyms and new terms should be avoided, 
wherever possible, without sacnfice of clarity An effort should be made to attain 
consistency between related terms 

The various series of cells were considered It was recommended that in table i 
the term listed at the left replace all terms listed at the right in referring to cells of a 
particular senes or to a disease affecting any cell of that senes 

No changes were suggested in the criteria in current use for determining the 
senes to which a cell belongs It is hoped, however, that the advances now being 
fflade in histochemistry will contribute more clearcut criteria than are available at 
present 


h IS recommended chat the term Itukatyft be considered synonimous with white blood corposeJe and 
include all white cells of the blood and their preenrsors in the blood forming organs Its use should not be 
United to cells of the granulocytic senes, excluding cells of the lymphocytic monocytic or plasmacytic 
reties This and other words derived from the same root should be spelled wuih a k and not a r e g 
entocyte leukemia, not leucocyte or leucemia 

t Is recommended that the descriptive terms for granules ntutre^hil ipjtnspbtl hasaphtl and a^srsphl 
rpclled as indicated without a final r 

t Is suggested chat the name of the most undifferentiated of the cells of each s-ncs carry the suffix 
"r the second stage the prefix and except in the granulocytic s-rics all cells that arc more mature 
rnan the blast stage have names with the suffix -ry/r The name for the fourth stage in the granulocytic 
^d erythrocyt,^ senes is to have the prefix mit* The terms iUst alls and fre ctih may b- us-d to replace 
'‘mer terras for these stages of development when sp-aking of the stage of deiclopm-nt as a whole o- 
ra the senes to which the cells belong has not been identifi'd 

u is recognired that the bUit ctlls of each scries arc morphologically very similar all haiing fin- 
"“tiear chromatin structure usually demonstrable nucleoli and basophilic cy toplasm with o without 
■^rophthc granules so the prefix to be used will in many instances depend on the identification o^th- 
fr»- stage associated with them 

ciremMtin siruam is defined as haring the nuclear app-arance of a background o' ho-nop o_s 
staining parachromatin orerlaid by a darker staining lace net m-shwa k or fir-ls stipp! d pa- 

Rtpnntcd from the American Journal of Clinical Pathology if 4,3 
"Si^ ’949 '■■•th pnmission of the Editor and the publish-n Th- Williams a-d Wilki-s 

^is condensation was made as ailabic by the Chairman of th-Ccranitte- D- Edwi-E O essj 

'inland Oregon 
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tcm oF basichromatin with no aggregation oF the baiichromatin in to even a tingle clnmp of ifptcoiH. 
«tte ttatning darker than an) other areas m the nucleus 

A nuclitlits 15 dchncd as a homogeneous blue staining area within the nucleus of a cell, wiicli mw 
more like the cy toplasm than does an) other part of the nucleus 

The term r^trofhit should be applied to the granules seen typically in the cytoplasm of ttlli 
lymphocytic and monocytic senes and the progranulocyte stage of the granulocytic seno 
txt^phtl IS recommended, and not atj"', m describing these granules, since the term ttfas to an 
for a particular dye and not to the color of the granules These granules may be present oc 
cell of the lymphocytic senes and when present are usually coarse and m clumps They art nstu y 

in all cells of the monocytic senes, includmg the monoblast In the monocytic senes they ate usually ^ 
diffusely and uniformly scattered through the cytoplasm If not seen in the monocyte or 
usually indicates a fault) stain or poor visnal definition in the microscope These granules may 
or absent in any cell of the granuloc) tic senes They are rarely seen beyond the myelocyte stag" 
disease They arc occasionally present in the cytoplasm of cells of the plasmacync an 
senes and constantly present in the cells beyond the blast stage in the thrombocync sales 
tend to be fine and few in the early stages and numerous and often clumped in the more matute stages 


Table i — ^jcemmtndtd Terms and Terms so bt Avoided vben Rsftmn^ to Cells of a Farttsvdvr Senes 

Disease AfecStn^ any Cell of tias Series ^ — 


Term to be used 

Lymphocytic Lymphoid lymphanc, lymphogenous, lymphocyte, 

Granulocytic Myeloid myelogenous, myelocyte, myelocync, gran 

cyte leukoc) nc, leucocyte, leucocytic 

Monocytic Monocytoid monocytogenous, mononuclear, 

Plasmacyuc Plasma cellular plasmacytogenons myeloma cell p a> 

ThrombocyBc Megakaryocyac platelet, thrombocyte jrnbrocite 

Erythroeync Erythroid erythrocytoid erythion, e rythrocytogenoo ^ 

It IS recognized that in each cell senes there 
most undifferentiated to the most diffcrenuatcd stage, that an lantu ffjjrecoffl 
divisions arc possible, and that any subdivision is arbitrary ihc ,-j.jsseDO»l 
mended the use of the minimum number of subdivisions whichw pro 
information for diagnosuc and prognostic purposes and defined sioelc easily 

between these stages as clearly as {xjssiblc, basing these diviMoris the 

identifiable feature As far as possible, the feature selected ro suiae^* 

different stages of development is one which could be rccogni i lonty of snri* 
or supravital preparations, but it is rcahzcd that at present c ^ 

decisions will be based on smears stained with Wnght s smn jucounterr^ 
other Romanowsky stains Even with these defimuons, ce ^ jihitranly 

where decision is difficult, in which case it is suggested that e c 
placed in the more differentiated category , ^ jH 

Names were selected for each of the cells, which were accep 
present and which, in the opinion of the committee, were 

confusing , j m table i- . 

The recommended terms and the terms to be of term! « 

It ts not the intention of the commtttec to imply from its rtcemrm 
that the origin of all these cells has been settled cocaalized purposes fioo- 

It IS recogmzed that to ensure flexibility and for cert pc 


Terms lo be omJed 



Table t. — Ktcommendcd Terms and Terms tt he Avoided when Kefemni so Spee/fic Cells of she Blood 

and Blood Forming Organs 


hameoj series 

Term to be used 

Terms to he avoided 

Lymphocytic 

L) mphoblast 

Myeloblast, hcmocytoblasr, lymphoidocyte stem cell, 
lymphocyte 


Prol) mphoc) tc 

Ltrgc lymphocyte pathologic large lymphocyte atypical 
leukocytoic lymphocy te monocyte immature lympho- 
cyte 


Lymphocyte 

Small medium or large lymphocyte, normal lymphocyte, 
small, medium or large mononuclear 

Monocyoc 

MonobUst 

Myeloblast hemocytoblast, lymphoidocyte lymphocyte, 
stem cell, immature monocyte 


Promonocyte 

Prcmooocycc, hcmohiscioblast immature monocyte Fcr 
fata cell 


Monocyte 

Large mononuclear transiuooaJ, plasmatocyrc endo- 
thelial leukocyte hisaocytc resting wandenng cell 

Grinnlocytic 

Myeloblast 

Granuloblast hemocytoblast, lymphoidocyte lympho- 
j cyte stem cell 


Progranulocyte 

Promyelocyte II leukoblast myeloblast prcmyelocyte 
promyelocyte progranulocyie A 


1 

Myelocyte I 

Granulocyte, myelocyte B, non filament class I 


Metamyelocyte 

Metagranulocyte juvenile, mjelocyte C, non filament 
class I 


Band Cell 

Staff cell stab cell non filament, class I rod nuclear 
polymorphonuclear stabkermge, rhabdocyte non 
segmented 


Segmented 

Polymorphonuclear filamented class II. HI, IV or V 
lobocyte 

Plasmacytac 

Plasmablast 

Myeloblast, hemocytoblast, 

stem cell, lymphoblasuc plasma cell mjeloma cell 


Proplasmacyte 

Tflrk cell. TOrk imtaiion form lymphoblastic or myeio- 
blasac plasma cell mjeloma cell 


Plasmacyte 

Plasma cell Unna s plasma cell. MarschalLo . plasm, cell 

plasroac}toiclyraphoc)-te mjeloraacell 

Throrabocytic 

Megakaryoblast 

MceiloLaryoblast 


Promegakaryo- 
cyte [ 

Premegalokar) ocyte 


Megakaryoc) cc 

Mcgalokarj ocyte 


Thromboc) tc 

Platelet ihromboplasnc 


Disintegrated cell 

Semlecell smudge basket cell sm-ar ce'l d c-r -a. - c 


9 * 
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subdivisions may be necessary than those herem recommended It is suggested that 
in such ease no change be made in the term or definition of the recommended major 
divisions but that clearly defined qualifying adjectives be used for these further sub- 
divisions Should new knowledge indicate that another major cell division is 
needed the evidence for this need, together with the suggested term, should be 
submitted for consideration by a permanent body which it is hoped will develop 
out of this committee 
The definitions decided on arc as follows 

Lympbtllajt Any cell of the lymphocyuc icnci h»ving fine chromitin structure in the nadeus. 
Cells of blast morphology assoctxted with prolymphocytes shonld be tentatively classified at 
lymphoblasts 

Pntjmfbocjti Any cell of the lymphocytic senes intermediate m morphology between the lympho- 
blast and the lymphocyte It will always have too coarse a chromatin stnicturc to fit the cnicna for a 
blast and too fine a chromatin structure or too large a cell diameter to be classed as a lymphocyte Usually 
but not always prolymphocytes ate larger than 15 microns in diameter which ts the upper limit for the 
lymphocyte 

Lympbecytt Any cell of the lymphocytic senes having the morphology of those commonly found in 
the blood of healthy adults 

Mmehlsit Any cell of the monocytic senes having fine chromatin sirnctnre Usually nuckoh ate 
visible Cells of blast morphology found in associauon with promonocytes shonld be tentatively cltssed 
as monoblasts 

Pnamccytt Any cell mtermedute m morphology between the moooblast and the monocyte ft is 
differentiated from the moooblast by having an irregalarly shaped nucleus and somewhat coarser cbto- 
matin snucrure and from the monocyte by the presence of one or more nucleoli 

Mmxjtt Any cell of the monocytic senes having the morphology of those commonly found in the 
blood of healthy adults It ts differentiated from the promonocyte the absence of nucleoli 

Mpicblatt Any cell of the granulocytic senes having fine chromatin structure and coatainmg no 
specific granules Usually nucleoli arc visible Cells of blast morphology found in association with 
progranniocytes should tcnutively be classed as mycloblasu 

Prey/anahtyit Any cell of the granulocytic senes which has a nuclear structure too coarse for that or a 
blast cell and which has not yet developed disccrmblc specific granules This term was selected 

than promyelocyte betanse of its clear relauooship to the dcfiniuon of granulocyte, gtven below, m 

because the term promyelocyte has been in wide use for cells which do contain specific granules ' 
teason that the tenns granuloblast granulocyte and metagrannlocyte were not chosen svas 
the terms myeloblast and myelocyte wete already in general use with essentially the definm®* 
here given This 1$ tme-also for the term granulocyte which would otherwise have to be synonyuioas 
with the term myelocyte 

Sptetfie p-tnalcs Neutrophilic, eosinophilic or basophilic grannies This term does not include sruro- 
phihc granules 

Gnmihejre An indnsivc term to apply to any cell containing specific granules The p 
irarabxjtu would therefore include all myelocytes, metamyelocytes band cells and legmen 
whether neutrophils, eosmophils or basophils . 

Mjticxjtt Any cell containing specific granules, with a round or oval nucleus It is gf 

the progranulocyte by the presence of specific granules and from the metamyelocyte by ^ 
mdcotaaon in the nnclens It may be farther subdivided at the opoon of the user into y sn 
sages but the definition of early or late should be clearly stated in any publicauon neotro- 

This and all subsequent cells of the granulocytic senes should be addinonally chiractenr* as 

phil, eosinophil or basophil .ootaiBi aod a 

AUiamydocyti Any cell of the granulocytic senes bavmg specific granules in the cy 
nucleus mtcrmediaie in shape between that of the myelocyte and the band cell The nocleoi u 
indented oval shape, resembling a bean or kidney 
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Banded! An} cell of the granuloc} tic senes which has a nucleus that could be described as a curbed or 
coiled band, no matter how marked the indentation, if it do-s not completely segment the nucleus into 
lobes connected b} a filament It is difTcrcntiated from the metamyelocyte by an apprcaablc length of the 
nucleus ha\ mg parallel sides, and from the segmented neutrophil by ha\ ing no indentation which could 
be dcscnbcd as a filament 

SfgmcTUedcdl An} cell containing specific granules in which the lobes of the nucleus arc connected b} a 
filament A flamnt is defined as a threadlike structure Since at times in viewing a three-dimensional 
objeafrom one direction, it is impossible to be certain whether two parts of the nucleus arc connected by 
a filament or band, it is suggested that such cells always be placed in the segmented category, since this 
Js the more dificrentiatcd and more common cell 

'^^tcrmttxtentutropbth followed bya i to 4 + designation is recommended for the grading of toxic 
granules, basophilia of the cytoplasm, \acuolcs and condensation of nuclear chromatin in the neutro- 
phils, since us meaning is dear although it is recognized that it is not an adequately descriptive term 
"Hie grading should depend more on the degree of change than on the percentage of the cells in\ olved and 
should be recorded in the report w hcnc\ cr the degree of change exceeds 

Blasmahiast Any cell of the plasmacytic series having fine chromatin structure in the nucleus Cells of 
blast morphology found in association with proplasmacytes arc usually seen on^y in plasmacytic leukemia 
orplismacytic sarcoma The cytoplasm tends to be more opaque in staining than in the other leukocytic 
blase cells 


BrtplmsmMcyte An} cell of the plasmacytic series with a nuclear structure too coarse for that of a blast 
cell but with one or more nucleoli present 

Blssma^U A cell characterized by extremely coarse chromatin structure with the deeply staining 
chromatin of the nucleus aggregated into large sharply demarcated clumps It is difTcrcntiatcd from the 
Fopbumacyte by the absence of nucleoli The cytoplasm of all ceils of the plasmacytic series tends to be 
deeply basophilic and opaque in appearance Azurophilic granules may be Fcscnt or absent but arc more 
commonly absent 


UtiMVjtfjohlast Any cell of the throrabocytic senes having a nucleus with fine chromatin structure 
Usually these arc larger chan the ocher blase cells 

^rmeiakjtryoept Any cell of the throrabocytic series with a nucleus conuimng nucleoli but having a 
chromatin structure too coarse for a blase cell The nucleus is usually similar m shape to that of the 
megakaryocyte Fine azurophilic granules arc usually diffuscl} scattered through the cyroplasni 

Any nucleated cell of the throrabocytic senes in w hich nucleoli arc not discernible c 
aairophilic granules are often aggregated into clumps Megakaryocytes and promegakar} oc} tes arc 
typically much larger than other cells found in the marrow 

Tbrmhccjte Any cell of the throrabocytic senes conuining no nucleus in other words an} non 
naclcatcd fragment of mcgakaryocync cytoplasm containing azurophilic granules similar to chose ot the 

megakaryocyte . 

The tenn ihnmbafltjttd wis recognized as being anaiomicallj correct but it «as felt that o 
»>stent with the use of the term nythrocyte and to permit the use of thrombocj tic ^ ‘ " 

‘ndcscnbmgthesccellser.es the suffix cyte T j or ihr 

all Any ceU of any senes m which the cytoplasmic outline has been is F 
nuclear chromatin js no longer snreounded by a membrane excluding the change m t c 
•yur m mttottc d.v.s.on Dnrntegratcd cells should be recorded as such ,n "" 

'»‘0Ugh they could be identified by dispersed granules They should be counted cicn ■( <“>1, shreds 
nuclear material are discernible since they are undoubtedly included m the total Icuhoo 


It was the decision of the committee that none of the terms in current u^c for the 
nucleated cells of the eiythrocx tic senes could be recommended because mutualh 
«dus.ve definitions for the same term base been used in different schools o 
hematology, because these are all inconsistent sMth the terms alreads recommcndeii 
h) the committee for the other series of cells, and because the use of the suli.x .11 
the most difTcrcntiatcd nucleated cell of the cn thrCK:^ tic scn« c 
constant source of confusion to medical students and medical technologists or i 
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all Other senes -blast has been used exclusively for the least differentiated cell The 
logical terms erythroblast, proetytbrocyte, erythrocyte and metaerythrocyte were impossible 
to use because of the wide employment of the terms erythroblast and erythrocyte with 
other meanings than would be intended for them in the present recommendations 
After considering many suggestions and consulting Latin and Greek authorities, 
the Latin syllables rubrt, meaning red, were selected as least likely to be mis- 
interpreted because this stem is familiar in medical terminology, having been used 
in polycythemia rubra vcra and in the derivation of many other words in which 
the root rub denotes red, such as rubicund and raitfacient Other stems con- 
sidered were the Gteek terms rodo, rose, rodtuo, rosy, erythe, red, porpbyro, deep-red, 
pyrrha, flame-colored, and ctrrho, tawny-yellow, but these were discarded as likely 
to be more difficult to pronounce and learn 


T ABLE 3 — KeeommenJett Terms Mnd Terms to he AvetJeJ when Ktftrrtn^ St Specthe Celts of the Erttbrocstee Senes 


h, amt oj stTxts 

Ttrtn to he used 

Ttrmi ta he ovetitd 

Erythrocyoc 

Rubnblast 

* Erythroblast iscgaloblasr pronormoblast promcgalobUtt, 
normoblast, hcmocytoblast stem cell myeloblast lymph 

1 oidocytc karyoblast 


Prorubneyte l 

1 Erythroblast rocgaloblast pronormoblast normoblast mac 

1 ronormoblasc macroblast proktryocyte 

1 

1 

1 Rubneyte 1 

1 i 

Normoblast pronormoblast macronormoblast erythroblast 
polychromatophiUc normoblast karyocyte 

1 

Mccarubncytc | 

Normoblast erythroblast metaktryocyte 

1 

1 

1 Rcnculocytc* j 



Er) chrocyte 

Red blood cell crythroplasnd normocyte, akaryocyte 


* It IS recommended thic the reticulocyte stage be considered a subdisnsion of the erythrocyte 
stage 


The best solution that could be found for the problem of clearly indicating t 
changes in nuclear morphology commonly seen in cells of the erythroc) 
granulocytic senes in pernicious anemia and other macrocytic anemias 
respond to liver extract and folic acid was to coin a new adjective phrase w ic 
could be used to qualify the recommended terms for any of the cells of these ttvo 
senes, or to desenbe the marrow and blood pictures as a whole The terms macr^ 
cytotd, macTord, megalo-, and megalatd were considered, but none was acceptab e 
authorities consulted or to the majonty of the members of the committee 
adjectne phrase pernicious anemia type was recommended by the committee a 
extensive deliberation, to be used in full in any publication, althoug m 
laboratory and clinic it can conveniently be abbreviated to A The use o s 
adjective phrase should be perfectly clear and it has the great 
megalo-blasttc that it can be applied to cells of the granulocytic as we 
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crydirocjtic senes and also to the marrow and blood pictures Eventually, if the 
anti-pemicious anemia principle is identified and given a short, simple name, a 
ttnn analogous to afohe may be substituted by committee action for the prcscntl) 
recommended adjective phrase 

The names selected b) the committee for the stages of difierentiation are given 
in table 3, and their definitions follow It should be re-emphasized, as was pointed 
out in the first report,' that no changes are suggested or implied by these definitions 
for the critena in current use for determining the senes to which a cell belongs 
The recommended definitions are meant to point out only the one essential dif- 
ferential characteristic for determining the stage of differentiation, and they are not 
intended to be complete descriptions of all cell stages, or of normal and pathologic 
vanants For these finer details of identification readers are referred to standard 
textbooks of hematology 

Any cell of the erythrocytic series hming fine chromjtin structure in the nucleus Nucl oli 
usually discernible A stippled chromatin pattern is more common than the lace net pattern usuall) 
*^cn in other blast cells 

Pronhnijte Any cell of the erythrocytic series in which one or more nucleoli are discernible in the 
nucleus and which has a chromatin structure too coarse to be classified as a rubriblast 

Any cell of the erythrocytic series having definite structure of the nuclear chromatin, but 
nnntaining no discernible nncleoli This stage is differentiated from the prorubricyte by the absence of 
nucleoli in the nucleus and from the metarubricyte by not having a pjknotic fragmented or partiallj 
bonded nucleus Some may wish to subdivide and qualify this stage — or other stages — further into 
^^nphilic polychromatic or normochromaricrubricytes according to the amount of hemoglobin present 

m the cytoplasm 

Any nucleated cell of the erythrocytic series having a pyknotic, fragmented partull) 
nxtruded or partially autolyzed nucleus Tjutiwr/f describes a dense solid structureless nuclear mass The 
I^cnomcnon o( Icaryoirhcxis or fragracncttiod of cnclci jhould be cltutly distin^ishcd from the occur 
of double Well formed nuclei which arc occasionally seen in prorubneytes and rubric^ tes as \\cll as 
Of^cr cells which may divide amitotically 

Any non nucleated cell of the cryrhrocytic scries in uhich sshen supraMcally stained 
osoilly With brilliant crcsyl blue — one or more granules or a diffuse nensork of fibnls arc discernible 
^ *^icuIocytcs arc included under the term erythrocytes since ssithout a special stain reticulocytes arc 
from erythrocytes 

^^hrociftt Any non nucleated cell of the crythrocyoc senes 

Ptrmiieus anansa type The qualifying ad/caive phrase to be applied to any cell of the cry^rocy tic or 
S^ulocytic senes and to the marrow and blood pictures as a whole to indicate the prcs-ncc of the 
Morphologic changes charactcnstically seen in pernicious anemia and other macrocytic anemias T\hich 
Jcjpond to liver extract or folic aad therapy In the nucleated cells of the ct> ihroc> tic senes the majcr 
^turc of this change is a rclatux increase in the pale suining parachromarin uith a corresponding dc 
in the dccp-suining basichromann In the cells of the granulocj tic senes the charactcnsric chang- 
^presence of giant forms having scry bizarre nuclei and in the segmented neutrophils the occut^cc 
cell, svich more than five Jobes 

Each name recommended for the cells of the cry throc) tie senes clcarh indicates 
the stage of differentiation The use of the qualif>ing adjcctne phrase, fm-sc:^us 
with the name of the cell stage will cqualh death indicate that a cell 
’hows the alterations m morpholog) tjpicall) seen in the marross or blood of 
'“treated pernicious anemia, as contrasted sMth the corresponding cell vhich is 
'“qualified as to terminolog) Prc-cxisting confusion in the usacc of terms for 
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nucleated erythrocytes is thought to be clarified by the recommended terminology as 
illustrated by the following example Megalohlast as in current use by some hema- 
tologists IS synonjmous with rubriblast, as herein recommended and defined, but 
as used by other hematologists it is synonymous with the presently recommended 
term penncioui anemia type frorubneyte 

It IS, of course, understood that modifying adjectives may be applied to any of 
the recommended terms in describing results of investigation, but if these terms are 
to gain general acceptance they should not be given any nctv definitions except by 
general acuon of rhe committee 
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and Blood Forming Organs Am J Qtn Path iS 443-450, May 1948 
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Internationai. Society of Hematology 

Through an unfortunate error in pubhcation, the names of the two Sccrctancs- 
Gcneral were omitted from the list of officers elected at the Buffalo Congress of 

last August (B/W 9 1313,1948) The complete list of new officers is as follows 

President Professor Sir Lionel Whitby, Cambridge, England 
Vice-Presidents For North Amenca Wilham Dameshek, Boston, Mass 
For South America Luis Sandoval S , Sanuago, Chile 
For Europe G DiGuglielmo Naples, Italy 
Secretaries General Western Hemisphere Sol Habcrman, Dallas, Texas 
Europe Marcel Bessis, Pans, France 
Counsellors for the United States Charles A Doan, Columbus, Ohio 

Edwin E Osgood, Portland, Ore 
Ernest WitebsLy, Buffalo, N Y 

A more complete report of the Congress, of which the November 1948 note was 
intended as preliminary, will be pubhshed in a future issue of Blood as soon as t^ 
large amount of wire-recorded material can be transenbed and edited The pu 
lication of a volume of the Proceedings 1$ presently being discussed 


Acting on suggestions made to the Editorial Board, the Jouma is 
pleased to announce the following revision in subscription po icj 
Holders of Internships, Rcsidentships and Fellowships within the nitc 
States ma) now obtain one or two year subscriptions to Blood at c ere 
duced rate of $9 per year Those wishing to take advantage of this o er 
should provide the publisher with their hospital addresses and positions 
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HEMOPHILIA A CLINICAL STUDY OF FORTY PATIENTS 

By Charles S Davidson, M D , Robert D Epstein, M D , George F 
Miller, M D , and F H L Taylor, Ph D 

Introduction 

S INCE 1803 when hemophilia was first accurately described by Dr John C 
Otto,'~’ investigators of this disease have centered their efforts chiefly in the 
eluadation of its hereditary nature and in the study of the constant defect in blood 
coagulation In the study presented here we wish to emphasize certain clinical 
manifestations of the disease and methods of practical therapeutic management 
which have been learned in this laboratory during the last ten years in the course 
of a study of the defect in coagulation of the blood in individuals with the 
The deep interest of Dr George R Minot in hemophilia began in 1918 when he and 
Dr Roger I Lee first demonstrated in this country that whole blood transfusions 
were effective in shortening the blood coagulation time * He has been the guiding 
Spirit of the investigative v/ork in hemophilia in this laboratory, an t is presenta 
non IS dedicated to him His guidance in this problem has given expcncnce to 
many young men in the methods of clinical investigation , , . 

Hemophilia is an hereditary disease limited to males, those a cte ex 1 mg 
both impaired coagulability of the blood and a strong tendency to bleed especially 
following trauma Although there may be variations in the frcquen^cy and severity 
of hemorrhagic episodes, the disease is always present for life Transmission o 
the disease is always through the female to the second genwation, t e genes 
sex-hnked and recessive Although the possibilities exist of both a first ° 

male with hemophilia as well as a female with the disease, authenucated cases 
ate not known , , , ,1.-,,. 

Although Otto was the first to bring the true nature of the ° 

focus, there is evidence that certain aspects had been Imown in 
the Arabs and the Jews Bullock and Fildes‘ in their classical 
disease report descriptions of a condition resembling hemophilia b) 
the tenth ^ntury A^ng the recent general articles or monographs ' 

^re those of Bi 7 h,« Howfll.t Stetson and Lozner. ' Quick, ' Dav idson and McQuar 
tie,'” Ely, 11 Mills, MacFarlane,” and Kark " 

From the Thorndike Memorial Laborator) Second and Fourth Medical Semiccj (Hanard) 
Dr^rtment of Medicine Harvard Medical School Boston Mass ,K„„,or,es Philadelphia 

p^-nii,.tod)ssasaidedinpartb>agrantfromtheSm..h Kline and French Laboratories ep 
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The coagulation defect in hemophilia is observed in vitro as a prolongation of 
the whole blood clotting time Normal blood dots in from 6 to ii minutes as 
measured by a modification'® of the method of Lee and White ■' The blood of a 
patient with hemophilia under the same circumstances may not clot for many 
hours However, most of the patients in our series have clotting times of from i 
to X hours, but in a few the dotting time is in the range of la to 40 minutes Al- 
though It has been reported* that patients with hemophilia will occasionally 
exhibit a normal coagulation time, this phenomenon has never been observed in 
this laboratory 

The coagulation defect in hemophilia has been asenbed by some to an abnor 
mality of the platelets* and by others to the presence of an antithrombm ” How- 
ever, hemophilic blood will coagulate promptly upon the addition of thrombin 
Tocantins has described the presence of an antithromboplastin m hemophilic 
blood,*® while workers in this laboratory believe that there is a deficiency of some 
factor associated with plasma globulins ** Nevertheless, it is generally agreed 
that fibnnogen, prothrombin, calcium, and the number of platelets arc all normal 
in hemophilic blood Thus, whatever the abnormality, for practical purposes 
transfusion of whole blood or plasma and certain plasma derivatives will usually 
bring the blood coagulation time to or near to normal Hemophiliacs have been 
observed’*"®® whose coagulation time docs not respond as is customary to the 
administration of blood, plasma or its dcnvatives The basis for this failure to 
react has not been fully elucidated 

Fractionation of blood plasma has led to the identification of the anahemophilic 
activity with the euglobulins** ®‘ ®* ®* and particularly with fraction I,®‘ ac- 
cording to the nomenclature used by Cohn ct al , Fraction Ul-x also contains con- 
siderable antihemophilic activity Because of the impracticability at present of 
the administration of fraction lll-i, the fibrinogen fraction I has been chiefly 
studied in vivo®’ and contains anuhcmophihc acuvity which has been clearly 
shown nor to be fibrinogen itself ®* ®’ 

Occasionally patients arc seen who have suffered hemorrhagic episodes but whose 
coagulation time is only slightly prolonged It is very difficult either to establish 
or exclude the diagnosis of hemophilia in these patients, particularly if a family 
history of the disease is not obtained, as is frequently the case Gnrtain laboratory 
p-ocedurcs may be helpful in this regard Among these is the well-established re- 
duction in the clotting time of hemophilic blood by the addition of small amounts 
of normal plasma or its derivatives ®* The measurement of the recalcification time 
of plasma centrifuged at different speeds” may prove to be a valuable diagnostic 
test, if substantiated 

Clinical Mantpestations of Hemophilia 

It IS our purpose to report observations on the clinical manifestations and prac 
tical management of forty patients with hemophiha, all of xx years of age or over, 
who have been followed in the Thorndike Memorial Laboratory during ' 

ten years All were males, the yoimgest ix, the oldest 58 Eight were in the secon 
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decade of life, 15 in the third, 7 in the fourth, 5 in the fifth, and one in the sixth 
Ttsent) -eight of the ^jo (70 per cent of the senes) had a family history of hemo- 
philia TA\enty-five had 1 known member of the family in the same generation 
With the disease, 14 one generation back, 4 two generations, while none was able 
to trace the disease further The lack of a positive family history is in part due to 
inadequate knowledge on the part Oi the patients about their families 
There were three patients in whom the family history was known and in whose 
family no hemophilia had appeared during three previous generations Whether 
these instances represent sporadic hemophilia or whether the disease was carried 
by the female through successive generations without manifestation in a male off- 
spnng IS not known, but the litter possibility would appear to have more support 
from the literature 

Spontaneous hemophilia has been reported, the most recent article by Boggs’* 
reviews the reported cases and presents six brothers with the disease whose family 
history gave no evidence of bleeders, although it was known for four generations 
on the mother s side Boggs admits that the legitimacy of the mother could be 
questioned The statistical likelihood of the occurrence of hemophilia and of 
carriers in families has been studied by Haldane and Philip" who have said the 
daughters of hemophilic men bear equal numbers of normal and hemophihc sons, 
whilst half the sisters of hemophilic men are heterozygous for hemophilia 
The number of individuals in the two sexes in hemophilia was shown to be normal 
by Macklin " 

Most of our cases were of recent European extraction The family extractions 
(known in 38 of the families) were New England 6, Nova Scotia 7, Irish 8, 
Itahan 7, Jewish 3, English x. Eastern European 5 There were no Orientals or 
blegroes in the present scries, although hemophilia has been reported in both mixed 
and presumably full-blooded Negroes" " ” ” and six probably authentic cases 
have been described in native Japanese " Ten of the pauents in this series arc mar- 
ried with'a total of 13 children, 3 males and 10 females There are no grandchildren 
There were five deaths in the scries of forty patients in ten years Three of these 
Were from conditions quite unrelated to hcmophiha, one, age 16, from fractured 
skull and broken leg following an automobile accident, the second, age 31, from 
Cerebral hemorrhage in terminal malignant hypertension, and the third, age 34, 
from pulmonary tuberculosis The fourth, age zi, developed an apparently sponta- 
neous massive hematoma in the left gluteal and thigh muscles with sccondar} 
necrosis, slough and sepsis The fifth death was from rapid submucosal pharyngeal 
»nd laryngeal hematoma formation which blocked the ainvay before help uas 
available 

There were no deaths in this senes from acute blood loss, the popularly supposed 
^nsc of death in hcmophiha This was in spite of frequent tooth extractions and 
VC relatively senous operative procedures (cf section on Treatment, Surgery in 
Hcmophiha ) Moreover, most of the patients at some time ha^e been admitted 
n che hospital with a severe hemorrhagic episode 
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First Hemorrbafjc Eptsodt 

In 36 of the patients the first hemorrhagic episode was known and vaned in 
time of onset from the age of one week to 13 years Three were following ciroim 
cision in the first two months (uvo at the age of one week) Eight others had their 
first bleeding during the first )car of life, two developed an hematoma of the head 
from known trauma, two bled from cut lips, one had an hemarthrosis of the knee, 
one hematoma around the knees from crawling, one multiple hematomata, and 
for one the precise nature of the bleeding had been forgotten The remaining 2.5 
patients experienced their first hemorrhagic episode during childhood, 19 before 
five years of age having a variety of hemorrhagic lesions not diffenng essentially 
from those to be described for adult life and in most following known trauma 

Excessive bleeding from primary dentition occurred in only one instance of the 
ix in whom the history was available, while 13 of xx had excessive bleeding from 
secondary dentition Hemorrhage following the extraction of permanent teeth is 
much more frequent and will be discussed in a separate section 


Hemarthrosis 

Bleeding into joints is the most frequent hemorrhagic episode in adult hemo- 
philiacs It IS usually repeated often so that eventually many joints acquire some 
degree of permanent damage Thirty-six of the patients in this senes had chrome 
hemophilic joint disease and almost all of these ga\e a history of one or more acute 
hemarthroses Of the four who exhibited no chrome joint disease and bad no 
history of acute hemarthroses, two had suffered relatively few hemorrhagic epi 
sodcs of any kind 

Acute hemarthroses and chronic hemophilic joint disease affected the joints in 
about the same incidence, the knees and elbows being by far the most frequently 
involved The ankles, hips and shoulders were affected much less frequently, an 
the wnsts, fingers and toes only occasionally 

Acute hemarthroses frequently occur without known external trauma, althoug 
joints, especially those bearing weight, arc subject to the continual trauma 0 
movement The hemarthrosis is heralded by stiffness that soon becomes P 
on movement of the joint It is followed within a few hours by swelling w ic 
gradually distends the joint capsule causing severe pain even at rest, being gr r 
aggravated by motion Tenderness is exquisite and hmitcd, at ^^***’ *^?^^ ^ ** 
the swelling, to the areas where the joint surface is relatively superfia 
example, in the elbows, the areas lateral to the olecranon are ^ 

exquisitely tender The blood may break through the tense capsule an 
into the neighboring tissues, temporarily relieving somewhat the pain an ^ 
ness of the hemarthrosis When this occurs the blood may 
giving the typical discoloration of an ccchymosis However, usu y 
remains confined to the joint and discoloration is then not obs^e ' ^ 

of this lack of discolorauon around a joint that an acute hemarthrosis i 
mistaken for other forms of acute arthritis Dunng the acute p ase 
usually held in the position of greatest relaxation, the knees 
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attempt to change the position is attended bp 

andZnrl^ from four to six dajs recovery from the acute phase begins Pam 
loinr t, a little and the previously tense stretched skin over the 

J s ows a fine wrinkling Recovery usually then proceeds rapidly but may rc- 

comm °i'’ maximal Residual limitation of motion is 

raon and may become permanent, particularly if the pint has been the object 
OJ frequent previous attacks ' 

Acute hcmarthrosis has been mistaken for acute rheumatic fever, rheumatoid, 
g nococcal and other types of arthritis, but may be readily differentiated if hemo- 
philia IS considered 

CirM/c Hemo^htltc Jotnt Dtsiast 

j °^|o'ving repeated acute hemarthroses a chronic and often deforming joint 
ra occurs This is not to be thought of as a chronic hcmarthrosis, but 

cr as the result of frequent irritation to the joint leading to roughening of the 
joint surfaces and fibrosis together with both areas of bone reabsorption and new 
^onc ormation The description of both acute and chronic hemophilic joint dis- 
D^bt ^he classical one, but a considerable body of literature has been 

« bl^ subject Caffey and Schlcsinger" point out that coxa plana re- 

e Berthe s disease may be the result of joint hemorrhage and further that 

P P yseal overgrowth and precocious ossification may be demonstrated by x-ray 
ha°**fj * Newcomer,^’ Lamv,^^ Keifer and Myers, and MacDonald and Lozner,” 
uJscusscd the clinical and x-ray findings The latter two papers are based on 
Patients included, in the series reported here 

spite of active preventive measures, such chronically affected joints usually 
are of motion and may eventually become anfcyloscd The joints 

cn arged, the characteristic fusiform appearance being accentuated by atrophy 
tin either side of the joint Tenderness and pain on movement arc not 
aetcristic of chronic hemophilic arthritis, in fact, if either is present, recent 
^In^^ has probably occurred 

° only two of this scries of forty hemophiliacs was there no evidence of chronic 
, tiphilic arthritis One would, in fact, hesitate to make the diagnosis of hemo 
i* tvithout the presence of joint deformity unless the diagnosis could be other- 

conclusively established 

CO usually after extensive bleeding into and around a joint, Volkmann s 

nf sometimes becomes a serious deformity, greatly limiting usefulness 

w tUc extremity <7-si> 


^tmtrrha. 


'gt into the Skin, Subcutaneous Tissue and lAuscles 


jj '^'^ca is not the characteristic phenomenon in hemophilia that it is in purpura 
orr agica Ecchvmosis and hematomata when thc\ occur usualK follow 


kn: 


Ecchymosis and hematomata when they 


gica'^F father than appear spontaneously as they do in purpura hemorrha- 

tiss ^‘^^P^oscs seldom spread extensnely but hematomata into subcutaneous 
° ^cn spread until they arc limited by fascial attachments 
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Bleeding into muscle almost always follows severe trauma and ma) spread 
rapidly, usually into the subcutaneous tissue and along fascial planes Subcutane- 
ous and intramuscular hematomata arc usually much larger than superficial exam 
ination would suggest Shock from blood loss is not uncommon, and anemia, ic- 
terus (with an increased indirect scrum van den Bergh reaction), reticuloc) tosis 
and urobilinogenuria follow Hemorrhage into the gluteal region with spread 
into the thigh is one of the most common and because of the amount of available 
space may be extensive and lead to early shock 

Hmopljilic Psiudo Tumor 

Occasionally, bleeding into or around bone tissue may be extensne and pet 
sistent enough to interfere with the blood supply and cause rcabsorption of bone 
This IS observed chiefly in the hands or feet and the part may be converted in the 
course of weeks or months into a swollen, tense sac of old blood and destro>cd 
tissue X-ray cxanunation is usuall) misinterpreted as sarcoma because of the soft 
tissue swelling and bone absorption Firor and Woodhall*' reviewed the literature 
on this subject and reported a ease of their own, a i5-)car old boy who developed 
a gradually progressive swelling of the tight thumb over i8 months following 
injury X-ray revealed absorption of bone and a diagnosis of bone sarcoma was 
made Successful amputation was done with the aid of an electric cautery A 
i6-ycar old boy in our series had a similar occurrence which developed over the 
course of almost a year and involved the left foot from the mid-tarsus distally 
The metatarsal bones were almost completely resorbed and an x-ray 
sarcoma was made Surgical amputation was done with great care and with a good 
result 

In addition to the pseudo tumor of the distal end of the extremities, other changes 
such as calcification in a subperiosteal hematoma have been described as sarcoma 
In these instances there may be rcabsorption of bone also, making the resem an 
to sarcoma of bone the more real Starker*' discussed subperiosteal hematoma m 
hemophilia and Echtermacht*’ described a 13-ycar old boy with a huge 
associated with the left tibia that was mistaken at first for tumor The patient i 
three days after amputation 

Hematuria 

Attacks of hematuria arc one of the most frequent hemorrhagic 
hemophilia, in fact almost 90 per cent of the patients in our senes have a 
more episodes Recurrent attacks arc very common The attacks arc usua ) 
taneous but occasionally follow direct trauma to the kidney region n 
an attack was apparently induced by a prolonged train ride, the patie 
frequently jarred while sitting up in the coach 

The onset of hematuna is usually symptomlcss except for the apfiear^ 
urine Occasionally pain may herald the beginning of ^d^^The pa*" 

any time during the course, but it is most common towam t ^ thc5if^°^ 
due to the passage of clots, and its location and character epen upo 



DAVIDSON, EPSTEIN, NHELER AND TAILOR 


103 


clot formation Gcncrillj the pain is t) pical renal colic indicating that the bleed- 
ing IS from the kidne> or pels is Follow ing a bout of pain a clot is sometimes passed 
dunng micturition and is usuall) accompanied by severe djsuria 
An attack of hematuria maj last a day or so, or may be prolongc or severa 
weeks, no known factor or form of treatment apparently affecting the uration 
Initial or terminal hematuria are seen occasionally as a complication o 
in the anterior or posterior urethra The spontaneous hematuria o emop la 

niaj be confused with anj one of the other causes of the symptom orw c inves 

gation should be made, particularly if the hematuria frequently recurs Weil 
believes that hematuria in hemophilia is in most instances caused by the presence 
of stone The frequent occurrence of hematuria in the disease ma es t is appea 


Although the urine may become quite dark, the actual loss of 
attack of hematuria is usually not enough to alter significantly the blood hemo- 


globin content 


Pharyngeal and Laryngeal Hematomata 
Hematoma formation beneath the mucosa of the pharynx and 
the few emergencies in hemophilia because of the rapi of 

airway obstruction Fortunately this docs not occm very o ten, 
the five deaths in this series was from this cause Baird 
stances of this complication reported, in four of whom 
formed and who recovered, while three died following this operation In 

own case tracheotomy was done with recovery ^ 

p„.„. co.pI.,n. of sore Of ,, 

either of the^e symptoms careful examination o y 11 , qq the pos- 

Oadc at on«"wnm« the' bleeding begins as ^^^by mdiSt 

tenor pharyngeal wall, but more co^only it jjjcolors the mucous 

laryngoscopy In the latter case the hemorrhage q J ^j^e false 

membrane over the arctynoids and spreads down t c 

and true cords Fortunately, obstructive symptoms hours or be 

“tir patients, but when they do they may either appear within 

delayed for a day or so , , ar once and to keep 

It has been our custom to hospitalize each of these pa 
1 tracheotomy kit readily available (sec section on formation ap 

Although most instances of pharyngeal and ar)ngc against which 

pear to be spontaneous, it may follow ovcrvigorous use o 
hemophiliacs should be cautioned 

Pulmonary and Pleural Comtltcattons t, 1 1 a 

Pulmonary and pleural bleeding arc uncommon ‘'°®P'^““°„"y°ograms, pre- 
although mediastinal and pleural shadows appear ^ fn-niothorax 

^umably from fresh or old hematomata, hate been repot , parents 

^nd hemoptysis ate rare ” These complications were no 
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The Acute Abdomen m Hemophilta 

Not only arc the usual acute abdominal conditions a problem in hemophilia 
because of the high operative mortalit),*' but in addition, certain forms of intra 
abdominal and retroperitoneal hemorrhage so resemble acute surgical cmergcnacs 
that the greatest diagnostic acumen and surgical caution must be cxerased to 
avoid a fatal result 

All the common acute abdominal conditions such as acute appcndiatis, acute 
cholecystitis, perforated peptic ulcer, acute pancreatitis, etc, may, of course, 
appear in hemophiliacs Although it is difficult to ascertain the degree, bleeding 
from or into the damaged tissue may complicate these acute abdominal conditions 
by increasing the symptoms and delaying healing Where infection is present it 
may travel with the bleeding, and in this way spread much farther than it other- 
wise would Therapeutic procedures will be discussed in the section on treatment 

Hemophiliacs, in addition, suffer a variety of purely hemorrhagic intra ab- 
dominal episodes which both closely mimic and arc more frequent than the usual 
acute abdominal emergencies In many instances such hemorrhagic episodes are 
difficult, if not impossible, to differentiate from the common forms of the acute 
abdomen Sometimes the course of the illness establishes whether it is purely 
hemorrhagic or not, but all too frequently the diffcrcntiauon is obscure and it is 
extremely difficult to decide not to perform a highly dangerous operauon 

Severe upper abdominal pain, usually cramp-lihc, but sometimes steady an 
resembling a penetrating or even perforated ulcer, is occasionally seen The onset 
is usually progressive over several hours with pain reaching great seventy M 
usually associated with nausea and vomiting The abdomen may become distM . 
with upper abdominal tenderness or even generalized tenderness and a board i e 
rigiditv Moderate leukocytosis is usual The acute condition usually lasts rom 
one to tw o davs and then gradually subsides over a penod of several day's or mm 
sionally recurs To place the bleeding accurately in these episodes is usua 
cult In some instances, intrapcntoncal bleeding becomes evident by the app^ 
ance of free fluid in the peritoneal cavity, together with signs of acute bo ^ 

A positive benzidine or guaiac reaction m the stool a day or so after the gt ^ 

of the episode indicates bleeding into the gastro-intesunal tract, whic 
due only to mucous membrane bleeding from persistent retching an ^ 

Massive melena may sometimes complicate this upper abdominal b c mg 

drome, but hematcmcsis is rare il h wel ob- 

Pain in the midabdomen, usually cramplikc, and resembling sma o 
struction IS a distressing although uncommon compiicauon in hemop i ^ 
probably due in most instances to bleeding into the bowel wall, jis 

both, and sometimes associated with intra-abdominal bleeding 
tcntion and vommng are the rule and are due to paralytic ileus 

Low abdominal pain is the commonest of the abdominal emergcnci 
phiha Two apparently unrelated forms of bleeding may occur instance, 

or the mesocolon, or into or around the ileopsoas muscle t , 

bleeding into the colomc wall or mesentery, the signs arc usua y 
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bowel obstruction vomiting, cnmplikc abdominal pain, and abdominal disccn 
tion A tender, low intn-abdomiml hematoma usually forms after a day or so, 
and finall) after several da)s it ma> discharge its contents into the bowel with the 
sudden apearance of melena Patients exhibiting this condition have cen c 

scribed b\ Vancc‘* and Platou and Platou , j l 

Retroperitoneal bleeding is more common in the low abdominal syndrome than 
that associated with the colon, and is usually due in these instances to ^ 

into or around the ileopsoas muscle The fact that 15 of our 40 patients 
least one episode of ileopsoas hemorrhage illustrates its frequency an impor a 
as a complication of hemophilia The syndrome has been ^ u-iar rr- 

Gunther,'' and Fallroth " When on the right side, the ileopsoas hemorr g 
scmbles acute appendicitis, although the pain seldom begins in t c cpig 
At first the painTmild but usually in the course of hours becomes 
ness to palpation and percussion arc often exquisite over c 
rebound tenderness is the rule There may also be tenderness on rec 
on the affected side Leukocytosis is almost always present ut usua y 
The blood loss IS seldom sufficient to produce anemia or signs of ac 
A mass due to a retroperitoneal hematoma often appears wit n seldom 

»a bo Sr » .ppondicoo, 

appears this early after the onset of the symptom at Poupart s 

spreads distally down the ileopsoas muscle and may ^^nnation from acute 

l-gament or even in the femoral canal When this occurs, differentiation from 

appendicitis becomes easier , . .nfm-abdominal 

Further aid in differentiating ileopsoas hemorrhage ^ involvement of 

condiuons is the distressing complication of partia or c surface of the 

rhe femoral nerve This usually begins with pain on t c ^ p^jitivc psoas 
Aigh and may be observed soon after the onset o ^ gg^^jon Pares- 

sign’ may be seen at this time and the hip IS usua y fnHows within nvo or 

ffiesiac and usually partial or complete ancsthcsis o ten subsequent mus- 

rhree days and weakness or paralysis of the thig extens 

cular atrophy follows As mentioned above, the acute re- 
but a few days, but the mass when present may g^p-s- 

main permanently Likewise, the femoral nerve a ag 
fficsia, muscular weakness and atrophy may be permanen 

Gmpheanons w Hmophdta „„uh.lia“ m contrad.stinc- 

Spontaneous intracranial hemorrhage is rare in c juon cause of death ’ 

Jon to purpura hemorrhagica in which it ^ J seen m hemophilia 

Bleeding into or around the spinal cord is like 
^‘'though retroperitoneal hemorrhage sometimes 

emerges from the spine producing typical nrin arc tcr\ common and 

Peripheral nerve lesions of vat) ing sevent) an o , ,5 jn close proximitt 

nsuallj complicate hemorrhage into a joint or muse c t frequenth damaged 

‘0 the nerve Thus, the ulnar and superficial peroneal nert es q 
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tion umc short!} after the administration of the antihemophilic agent, e g , ^ 
hour, and again at a 6- to S-hour interval, in order to follow the extent and dura- 
tion of the effect If the coiguhtion time docs not reach or remain at or near nor- 
mal the administration should be repeated 
As described above in the section on the coagulation defect in hemophilia, blood 
plasma fractionation has led to the production of a preparation of human fibrino- 
gen which contains antihemophilic activity and which can be given intravenously 
to patients with hemophilia -t In the dosage recommended there have been no 
significant reactions observed, and no reported cases of scrum jaundice have oc- 
curred *In addition to absence of icterogenic properties, the matenal has the ad- 



vantages over whole blood and blood plasma that very small amounts need ^ad- 
ministered for maximum effect and that it can be easil} and qmckl) given iccre 
a great deal of variability in the antihemophilic activit} o raction 

and there arc, in fact, instances when fresh whole b oo is more c 
m reducing the coagulation time Thus, the material is in no sense ^ 
cmophiha, but its production is a step toward finding ^ ^ Virmn 

stance and hopefully a prophylactic material which could be given in hemo 
Pj'lm much as insdin is to a dmbetic For man} jears such a 

dream of both hemophiliacs and investigators In his lectures ' 

Minot has often referred to this goal At present the limitations in 

been submitted for publication two cases of hepuitis robabU transm.tr- 
* c administrition of Fr2Ction I h2\c beco observed 
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abJc quantity of Fraction I and problems of stability and route of injection have 
prevented its use as a prophylactic Nevertheless, attempts at maintenance of a re 
duced blood coagulation time have been made by injecting fresh'* or ly ophylized** 
plasma once a week or more often Significant prolongatiotuof the interval be 
nveen hemorrhage has been obtained in this way 

The refractory state to blood and its derivatives referred to in the introduction 
follows, in some instances, the repeated administration of blood, plasma, or the 
antihemophilic globulin fraction, and arises during or promptly after an hemor 
rhagic episode, although occasionally it is spontaneous * The exact nature of this 
refractory state is still obscure, but recent work has suggested that there may be 
a production of antibodies to the antihemophilic substance ‘'This observaaon has 
yet to be confirmed 

1 Reff and (xtrcise Although strict precautions must be taken by the hemo- 
philiac against trauma, this docs not mean that he should Inc a sheltered, inactive 


life Heavy manual labor, prolonged fatiguing exercise, the more vigorous sports, 
and other activities that require severe physical exertion should not bcattempted, 
however, moderate activity should be encouraged depending upon the physical 
capabilities of the individual, for it not only gives the individual a sense of equality 
with his associates, but also helps to maintain muscle tone and joint mobility 
It is our impression that the decrease in muscle size and tone which occurs with 
immobilization and disuse** may be an important factor in initiating hemorrhage 
into the muscles and neighboring tissues Although it is difficult to evaluate be 
cause of the possible cyclic frequency of hemorrhages, bed rest with its attendani 
inactivity appears to us to be an important predisposing factor to hemorrhage 
Thus, a hemophiliac confined to bed for an acute hcmarthrosis, for example, not 
uncommonly develops hemorrhage in other parts of the body Convalescent pa 
tients arc therefore encouraged to take moderate exerasc The aid of an expert 
physical therapist should be available for directing exercise, both while the patient 


IS in bed and during ambulatory convalescence , . 

3 Use of sedatives and analgesics The fact that internal hemorrhage in hemop i 
IS regularly accompanied by severe pain which may last for several days or m 
and that repeated episodes may be expected throughout the patient s life ma es 
choice and use of analgesics difficult and of pnme importance The use o 
IS sometimes necessary, but should be avoided if possible If it is req > 
drug should be administered for as short a penod as possible because o 
of dependence and habituation Meperidine hydrochloride C ^rasions 

nde ), also contributing to addiction,*! has been useful in our hands, 

ansc in which only morphine is effective When it is decided to a 
or similar analgesics, maximum effective doses should be used to contro 

Aspinn, often fortified with codeine, is often effective for l«s moderate 
m the case of codeine too, care against habituation must be ta cn [jj-gjis 

pain may be prolonged for weeks, as for example, following ^ 

Hypnosis with barbiturates may make pain bearable, espccia y at 

•Presently av»il»ble evidence roggeso th»t this refrictory start ,aniiDiit«''‘®’ ‘f 

me the admmistrauon of the antihemophilic globulin frsction than ° fcesilnsw 

blood or blood platmi The therapentic use of the antihemophilic globulin 
therefore antil further studies hive climiiutcd this hazsrd 
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^ Local treatment of external bleeding Aside from the parenteral administration 
0 ood and its dcn\ ati\ cs to reduce the blood coagulation time, many substances 
a'c been produced for use locally at the site of bleeding Some of these prepara- 
tions are verj poor coagulants, and most of those that are effective at all exert 
t eir effect as a thromboplastin That is, they hasten the coagulation of the blood 
y action with prothrombin and calcium, resulting in the production of thrombin 
^hich conserts fibrinogen to fibrin We prefer thrombin as a coagulant because it 
ircctlj converts the fibrinogen to form a fibrin clot We have had excellent re- 
sults with a thrombin prepared from animal blood Thrombin mav also be 

prepared from human blood®® and has recently been produced on a large scale as 
3 b) -product of the preparation of human serum albumin from plasma 
No matter what local coagulant is chosen, adherence should be made to certain 
general principles The wound should be cleaned with as little trauma as possible, 
ebns and clots of blood being gently removed Approximation of the edges may 
c desired but should not be made with sutures unless absolutely necessary, as 
each needle hole is another source of bleeding Thrombin is applied directly to 
^ c site of bleeding and is held there by appropriate pressure dressings It is impor- 
^nt to emphasize that the thrombin must be applied directly to the source of 
if not. It will merely form a blood clot in the wound, keeping it open 
preventing approximation of the edges, effective hemostasis, and healing The 
^0 principles of treating superficial wounds in hemophilia, then, are first that a 
Own active coagulant be applied to the bleeding surface, and second, that it be 
Maintained there with some form of pressure dressing 

omc of the earliest surgical experiences with hemophiliacs were with the use 
Of cautery, both chemical and thermal Poland" in 1850 described a patient in 
om pure nitric acid stopped bleeding from a traumatic lip lesion on two occa- 
•ons Erickscn®* in 1856 tells of a 34-year old male who developed an hematoma 
^tending from the ankle to the popliteal space Following incision, bleeding areas 
etc touched with cautery with cessation of bleeding Gangrene developed, how- 
'^Ti' following amputation by ligature and cautery, the patient died 

though cautery may temporarily stop bleeding, its use is not advised since 
utTounding tissues arc usually destroyed or damaged, leading to a secondar) area 
‘ slough and an enlarged area of bleeding Thus, a ten year old bo) seen b> one of 
been treated by cautery with dichromate for a clean tongue cut The bleeding 
Pped, only to recur two days later with renewed vigor from a larger wound, this 
'Me l^ing stopped only by the application of thrombin on a gauze pack held in 
®cc by sponge forceps 

5 ^“^gery tn Hetnofhtha Operative surgery in patients w ith hemophilia is hazar 

1 ^“ended by a high mortality Friedrich" estimated a 35 percent mormi 

) Q lowing major operations, and his estimate IS probabl) a conservative one The 

tativc treatment of specific conditions will be discussed in subsequent sections 
j "^dical literature concerning hemophilia is replete with reports of vanous 
^Jfi'cal procedures which have been attempted In most instances some form of 
® or parenteral coagulation therapy was used, often in addition to blood trans 

Globulin (Dncd) furnished b) Lederle Labonuorics Division An-ricun Cvjci- i 
Pc»rl Rivcr New \oel. 
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fusions Man) of these were listed above (Section i Blood Coagulants ) but 
are not discussed because of their large number and variet) and the lack of prease 
observations of their effectiveness Some have been shown to be ineffective 

In spite of the high mortalit) rate, operations, sometimes of considerable mag 
nitude, have been done Among those reported, some of which were successful 
but many not, arc appcndcctom)” gastro-cntcrostom) partial gastrectomj,’ 
arthroplast) c)c enucleation,'"" prostatectom) ncphrcctom),'” mistec 
tomy,*" and various amputations 

If an operation is decided upon, the free use of prcopcrativc and postoperame 
blood transfusions and, when possible, the local application of thrombin (Set 
tion 4) arc the onl) important additions to careful surgical technics Specific 
surgical problems will be discussed as the) occur in the following sections 

6 Trtatment 0/ acute hemarthrosis When an acute hcmarthrosis occurs in the lower 

extremity, bed rest is ncccssar) , otherwise, the patient ma> be ambulatory, with 
a sling or other support if the pain permits Ice bags to the part give some s)Tnp- 
tomatic relief Pam is usuall) extreme and analgesia is indicated CompressiM 
bandages applied before much swelling has occurred ha\c been found useful } 
some Aspiration of the fluid blood in the joint is not recommended because oft e 
danger of infection and, moreover, in our hands has failed to shorten convalescence 
significant!) Following aspiration of blood the joint pain is usuall) greatly r^ 
licvcd but returns again in a very few hours Thrombin preparations (sten e, 
human) may be injected into an acute hemarthrosis, but this therapy has not 
proven to be of value , 

It IS usually not possible to place the affected joint in optimum fanction^ 
position during the acute phase nor do we consider it necessary since as sooo 
signs of reabsorption of blood appear, cautious active movement up to the poi^ 
of pain ma) be begun and gradually increased, usually until the former 
movement is attained As convalescence progresses and danger from ^ , 

bleeding diminishes, physical therapy is in the form of radiant heat, and vv n 
baths hasten recovery of function Earlv active movement and physiol t 
are the best prcventatives of ankylosis herwisc 

7 Treatment of Chronic Hemophilic Arthritis Treatment of arthrosed or ot 
deformed joints is largely orthopedic and must be undertaken with 

that hemorrhage is not induced cither into the affected joint or at j,od 

sure The use of plaster casts which arc gradually wedged to the 
has often been successful The amount and frequency of the wedging is 
less than in nonhcmophilic patients, each spreading of the saint 

point of first pain Simple Buck s extension is also frequenti) use 
precautions must be observed ^ seW®® 

Arthroplasty, like other operative procedures in hemophilia, (he 

undertaken and then only with full knowledge of the mortalit) If 

likelihood of a poor result from bleeding into and around the oper 
operation is decided upon, the suggestions listed under Sucg 
may be helpful in avoiding complications Jicmoph'*'’ 

However, in spue of these measures, the joints of patients wit 
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become partiilh or complcrch inJv}losc(l with deforming muscle contractures and 
atroph\ When tins happens in the legs, s)mptomatiL calluses usually develop on 
the feet Softening and rcmoaing these calluses presides only temporary relief, but 
more prolonged help can he obtained with corrective shoes Patients with hemo- 
philia can use aids to walking without difficult) , such as canes and crutches, and 
we base one indis idual in our scries who is successfully wearing a prosthetic for 
a surgicalh amputated foot 

S Treafmiiit of iiibciitaiitoiis and intramuscular bleeding, and of pseudo tumor Bed rest 
with immobilization of the part is usuall) automatically resorted to by a patient 
with a large hematoma of the soft tissues lee bags, as in acute hemarthrosis, pro- 
vide some relief, and analgesia is often required Firm pressure from an elastic band- 
age over the entire area and cspeciall) oser the bleeding point, if known, may re- 
duce the bleeding It cannot be overemphasized that a large amount of blood may 
be lost into the soft tissues without producing w'hat would seem to be commen- 
surate swelling A continual watch of pulse, blood pressure, and hematocrit must 
be made so that shock docs not occur Blood transfusions not only supply the 


antihemophilic factor but also replace blood lost 
Great care must be taken to prevent ulceration of the skin over the hcraatorna 
as infection and renewed bleeding may become mayor therapeutic problems 
Hemophilic pseudo tumor, with necrosis and readsorption of bone, as well as 
soft tissues, IS a potential hazard when fully developed because of us awkwardness 
and susceptibility to infection Amputations have been done for this condition 
undertaken, extreme care must be exerted to see that the blood coagulation time 
IS as close to normal as may be obtained and that the surgery induces t e 

possible trauma Thrombin should be placed between the stump and its covering 

9 Treatment of peripheral nerve lesions Little further than the treatment out 

>n section 7 and 8 can be done to treat the neuritis that not uncommon y eve ops 
during the active phase of intramuscular or subcutaneous hemorr age orap 
^'generation of nerves may be expected in the course of time in many instances 
while some will be left with residual nerve damage Physical t erapy to 

niuscle tone and prevent contracture and bony ankylosis of joints is in 

^Pbnts are applied to avoid contracture, they should be bivalved so that physica 

therapy may be instituted pen- 

10 Treatment of hematuria and certain urologtc complications cc mg ^ 

'to urinary tract is usually renal in origin and is frequently resistant , ^ 

continuing m spite of the repeated administration of fresh 00 or i 
^nd satisfactory reduction of the blood coagulation time Absolute 
^ttp'nc position may be tried but in our hands has been ^ some form 

°ccasional patients there may be prompt cessation of bleeding o Except 

therapy, but generally after a variable period it ceases 
°t the occasional development of a mild blood loss anemia t er -^rtmu- 

I from continued hematuria The ureteral passage o 00 , 

frequent when bleeding is decreasing, usually causes sesere renal colic 
'“ay require the administration of morphine or demerol for relict . , 

As mentioned above, search should be made, if suspected, for stone 
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malignanc} , or other causes of hematuria, particular!) if repeated episodes of bleed 
ing occur C)stoscop) raa) be performed in hemophilia if necessar) and if carefoUy 
done, but ureteral catheterization or retrograde p)elograph) raa) induce submuco- 
sal ureteral bleeding and probabl) should not be pcrfont]ed 
Operatise intervention in urologic problems in hemophilia is extremely senoos 
Darnc)'”* in 1933 described a case in ss'hich follows mg a necessar) suprapubic cys- 
totom) , failure to control the bleeding resulted in death Mertz and Meiks’’' re 
ported a patient who died eight days after a nephrcctotny for h) dronepbrosis in 
spite of repeated transfusions Hinman,'"* however, successfully removed a prostate 
in a 66-) ear old hemophiliac 

1 1 Car( of thi teeth, dental extraction Dental proph) laxis is of paramount impor 
tance in the care of the hemophiliac It is to the advantage of the patient that he 
be seen regularly and often by his dentist and that prophylaxis and necessary repair 
be performed at an early date Cavities can be filled without fear of hemorrhaie 
although care should be taken to avoid undue trauma to the gums 
However, frequently, due to the failure of the patient to seek dental care or 
reluctance of the dentist to perform the indicated procedures, extraction is neces 
sary In conjunction with the Department of Oral Surgery , Boston City Hospital,* 
the method described below has been successfully employed many times in tbe 
last five years 

The plan involves reduction in blood coagulation time by parenteral freah blood 
or suitable derivates, and the application of thrombin with pressure to the socket 
provided by a partial or complete denture '* “'*By combining these two tech 

nics we have been able to perform dental extractions in hemophiliacs with apo- 
gressive reduction in the postoperative bleeding so that at present it is mimmaJ 
Before the extraction is {performed an impression is taken of the jaw from w 
the tooth IS to be extracted From this a well-fitting partial or complete 
IS made Its essential features are a labial flange extending from the main 7 ^^ 
the denture across the socket from which the tooth is to be removed, and two w 
clasps, one on either side of the denture, that serve to secure it firmly in 
Approximately a week prior to the operation, a thin, nghtly fitting ° punog 

(orthodontia band) IS placed about the neck of the tooth to be extract 

the succeeding several days this band progresses along the tooth root, parn 
arating it from the adjacent tissues At times the band will progress rapi 
the root so that it may be necessary to use two or three such ban ® 
keep the soft tissues from rcapproximating to the tooth after the ban j 

An hour or so before the actual extraction the patient is given an 
antihemophilic globulin sufficient to reduce his coagulation ^jiolc 

or lower if possible In the event that this material is not aval a ^ 

blood, frozen plasma, or its equivalents in anuhemophilic ^ on 

Similar amounts of antihemophilic globulin are routine y a nu 
first, second and third postoperative days 

TOft Sl'f— 

* The pnociplcs and technic employed are largely the resnlc ^ fl'c anr 

P Mallett Or J Surgeon in-Chief and his staff paracularly 1> ' ,p full 

them for the details of this presentation which will snbscqoently 
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In the majont) of our cases, novocainc has been used as an anesthetic although 
nitrous oxide-ox) gen inhalation anesthesia may be safely employed In extractions 
of the maxillar} teeth it has been the practice of the operator to infiltrate with 
a fine gage needle the tissues at the free cuff margin of the gingivae rather than 
'ising the more contentional tjpe of infiltration % so doing, the tissues trauma- 
tized are localized in one area, over which the mechanical pressure of the denture 
Will be applied Mandibular bloch injections arc usually necessary fortheremoval 
of teeth from the lower jaw, although in this procedure there is danger of causing 
pharjngcal hematomata 

An attempt should be made to extract the tooth with as little trauma as possible 
On occasions, however, small lacerations of the gums have occurred and the socket 
Septa have been removed without increased bleeding 

After the tooth has been removed the socket may be gently sponged and cleaned 
Using dned thrombin, an empty novocainc capsule is then fir^y packed into the 
defect and buttressed with a more solid mechanical filler An oxidized cellulose 
preparation* has proven to be very satisfactory for this purpose No attempt is 
®adc to suture the gum margins The denture is then inserted into position, care 
being taken to sec that the flange fits firmly over the socket 

In the majority of instances, there will be insignificant postoperative bleeding 
If such IS the case the denture is not removed for approximately a week At the 
®nd of this time It may be taken out for a short trial period If oozing still continues, 
a small amount of dried thrombin is applied to the bleeding surface and the denture 
reinserted This is repeated at one- or two-day intervals until complete hemostasis 
bas been obtained If more vigorous bleeding occurs, the denture may be easily 
removed at any time, the socket cleaned of old clots and repacked, and the denture 

reinserted 

It IS of utmost importance to have a well-fitting denture It is uncomfortable to 
the patient if it fits too tightly and local pressure necrosis may occur On the ocher 
hand, if it fits too loosely suffiaent mechanical pressure will not be applied in the 
appropriate area or the movements of the denture may dislodge the clot and he- 
®ostasis will not be obtained By adding flanges as needed to the original denture 
rr may be used for more than one extraction However, a new denture has to be 
®ade from time to time to compensate for the shrinkage of the soft tissues and 
'■'adsorption of the underlying bone The unpleasant taste that usuall) occurs after 
'"'0 or three days wearing of the denture may be partiallj alleviated with simple 
mouth washes 

During the period that the denture is being worn, the patients arc permitted to 
' np and about the ward and to engage in their usual actiMtics The) arc able to 
'at and sleep regularly Convcnuonal partial or complete dentures can be worn b> 

' ' hemophiliac without difficulty 

tz- Trtatmtnt of -pbaryngeal and lar^n^eal hematoma The potential senciusncss o 
pharyngeal or laryngeal hematoma lies in its occasional propcnsitj rapidh o'" 

' ude the airway For this reason, if suspected, the diagnosis must be confirmc bt 
3 complctcnt laryngoscopist and, if confirmed, the patient should be hospitalized 

0*)-ccl provided by Parke Davis A Compan) Detroit Michigan 
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SO that proper supervision is a\ailablc A trachcotom) kit is kept near at hand 
The diet should he soft or liquid and absolute soicc rest enforced Administration 
of fresh blood or its dematnes to reduce the blood coagulation time is essential 
Generali) \\ ithin 1,4 hours the swelling begins to recede and convalescence is then 
npid and uneicntful If obstruction of the ainsa) becomes imminent, tracheotom}’ 
should be done, with the most careful surgical hemostasis and with the hbtraluse 
of blood or Its deri\ atives 

13 Abdominal suryrj In the discussion above concerning The Acute Abdomen 
in Hemophilia the difficult) was emphasized of differentiating either intra ab- 
dominal or retroperitoneal hemorrhage from the usual acute abdominal condinons 
In this regard, Traum’ reported a patient who was operated upon with a mistaken 
diagnosis of pctitonitis from a ruptured appendix An hematoma the size of a child s 
head was found around the right kidne) which was evacuated and packed The 
patient subsequently died Scherk'”® has discussed the differential diagnosis of ab- 
dominal s)mptoms in hemophilia and described a 47-) ear old hemophiliac in whom 
a diagnosis of acute appendicitis was made He was treated without operation m 
spite of the dcsclopmcnt of a sausage-shajxd tumor in the nght lower quadrant 
w'hich disappeared in eight da)s A gangrenous appendix, however, was success 
full) removed by Prima*^ complicated by a fist-sized hematoma in the wound 
Cioran'^ likewise reported the removal of a perforated gangrenous appendix wi 
a good result 

It is impossible to be didactic concerning operative intervcnaon on paaents wi 
hemophilia in whom an acute abdomen is suspected Two important facts ma) 

reiterated, however Intra-abdominal or retroperitoneal bleeding is far more co^ 

mon in hemophiliacs than arc the usual abdominal emergencies Secondly, nw)^ 
surgery has a very high mortality rate in hemophilia With these facts 
unnecessary operation usually may be avoided A case in point is that ° 
and Platou’” concerning an eight-year old hemophiliac who was veryiUtvi s 
of intestinal obstruction He improved following the instituuon 
trie aspiration Elood transfusions were administered and operation vvas 
from day to day and finally avoided A diagnosis of bleeding into the ^ 

was made In our cxpcnencc this set of circumstances has o^curre a 
times and operation has not ) et been necessary Likewise, m patients^ 
in the right lower quadrant resembling appendicitis, operation has la 

although their number has been large An ileopsoas hemorrhage in 

each In view of the work of Crilc"” with the use of massive id 

peritonitis resulting from appcndicms, the danger of not It is 

flamed appendix may not be as great as it was formerly const 
probable that occasionally an acute appendix will be missc )^^^ ^ 

treatment, but again, the operauve risk may be as great or greate 

unoperated, acutely inflamed appendix disease with 

14 Social, economic and pyebtatne implications An here qI socuh 

look of hfc-long partial disability inevitably brings ® to 

economic and psychiatric problems It is the physician s 
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the hemorrhagic episodes, but, in addition, to consider and advise on such matters 


as socation, mnmage and children 

Rightfull} , pre\enri\e therap) must begin in childhood as soon as the diagnosis 
of hemophilia is established The nature of the disease must be clearly explained 
to the parents so that they will not only endeavor to prevent hemorrhages but 
will so orient, care for, and instruct the child that he will grow into as useful 
and productive a citizen as possible, for only in this way will he be well adjusted, 
and thus happ) More than most children he must be taught independence and 
self-reliance and must not depend too much upon his parents This is often difScult 
for the rest of the family for the hemophiliac is, of course, subject to frequent bouts 
of pain which automatically make him the center of attention 

Early in life a vocation must be carefully planned Too often hemophiliacs grow 
to adult life with little formal schooling because of frequent illness Vocational 
training is likewise scanty so that they are capable only of manual labor for which 
they arc quite unfit A little consideration of the individual and his bent will in- 
dicate whether he is to work chiefly with his brain or his hands In the latter 
Category, art, architecture, mechanical drawing, watch rcpainng, electrical and 
radio work offer opportunities In some commumties vocational training of the 
kind required by hemophiliacs is available 

Ten of the 2.8 hemophiliacs over 20 years of age in our senes arc mamed and have 
a total of 13 children To advise against mamage simply adds another probably 
nnneccssary burden to an already troubled life However, one can ensure that 
both partners understand fully the nature of the disease and their responsibility 
both as to Its hereditary implications and to the prognosis for future morbidity 
The decision is then left to the individuals concerned It is certainly well for the 
prospective bride to have a possible gainful vocation in case of prolonged illness 
of her husband, but many of our hemophiliacs have been able by car p anning 


to provide an adequate home l r 1 

The hemophiliac is continually exposed from an early age to t c’sc w o 
sorry for him, want to help him, or even consider him an inferior In addition, 
has frequent illnesses and must bear considerable pain It requires a s/rongmimta 
constituuon to become adjusted to such a life Fortunately, most bemoph, lac^ 
accept their additional burdens as they come and in this way each pen 
builds a better adjusted individual The physician by frequent “ 

position to aid greatly the individual s own effort to learn to live with his disease 
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STUDIES ON AN UNDETERMINED CIRCULATING ANTICOAGULANT 
CASE REPORT AND LABORATORY FINDINGS 

Bj D G Dieter, M D , M Srooi'raR, M A , F J Poem, M D f 

Introduction 

I N 1940, Lozncr, Joliffc and Ta) lor* reported the ease of a 61 year old male Negro 
with an undetermined circulating anticoagulant More recently, Lawrence 
and Johnson," and Munro’ ha\c reported studies on male patients, ptevionsly 
diagnosed as hemophiliacs, who developed a circulating anticoagulant following 
numerous blood transfusions Madison and QuicL* presented a case and reviewed 
several other cases of female patients with hemorrhagic diatheses characterized 
b) prolonged coagulation times 

The circulating anticoagulants present in the patients of Loznerctal .'Lawrence 
and Johnson," and Munro,* although never identified, had the following common 
charactcnsttcs (i) they prolonged the coagulauon time of normal blood, (i) theg 
were thermostable, (j) the) showed no antithrombic activit) , (4) they wett not 

neutralized by protamine, (5) they did not pass through semipenneable membranes, 

(^6) the) were not extracted by ether Lozner and his associates found that the 
anticoagulant material which they described was not associated wnth the euglo- 
bulin fraction which contained the antihemophilic property of plasma Munro 
found that the anticoagulant with which he was workmg was not preapitated as 
cuglobulin Munro noted that the anticoagulant, when precipitated as a globmio. 
maintained an anticoagulant acuvity equal to that of the plasma from whicn 
was derived It was also stable in a pH of 65 to 110 Sofaras history and 
observation is concerned, it is relatively certain that the patient described of 
Lozner and Taylor was not a case of hemophilia . 

The patients reported by Madison and Quick* and referred to as hemophi ^ 
like were probably similar to those already desenbed, although the ta 
sented arc insulfiacnt to make a positive statement The fact that _ 

discussed by these authors, in spite of the fact that they may have ha 
diseases, had an increased coagulation tunc as the only abnormal *j^mcr 

an anticoagulant with the same characteristics as those invcsugatea y 
ctal Lawrence and Johnson, ’and Munro’ ocof* 

This paper presents the history, hematologic studies, and climca co ^ 
pauent with a prolonged coagulauon time due to an undcteimmc 
This anticoagulant appears to be similar to those which were present in 
menuoned cases 

Report of Case 

The ranent, a 6 S year old white male banter was admitted to byl®^ 

la, 1946 compl^ng of loss of app-tite for five days poor to admission 
lied muscnlar aches, pains i n the eitreme lower abdomen, and gross bematnr^ 

From the Departments of Mediaoe and Physiology Umvcrsity of Wisconsin M 

'°T^i'ti^y was aided by a grant from the Wisconsin Alninm Research Foundation 
t Deceased 
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Hutciy ef {mrnt illriis The patient had apparently been in good health nnal eight months be/ote 
admission at which time he des eloped svhat appeared to be a contact dermatitis on the bade of his tight 
hand which graduallj spread oser both arms and back This was treated with snlfathiaaol ointment 
With no improvement Two weeks after the onset he was admitted to the State of Wisconsin General 
Hospital where he was treated with bone acid compresses and bone ointment He recovered and was 
discharged on the sixth hospital day 

The patient was readmitted to the Wisconsin General Hospital one month later because of recurrence 
of the skin lesions The condition was diagnosed at this time as pemphigus and the patient was treated 
with stosarsal 30 mg before breakfast for three days After a three day interval in which no drug svas 
given the dose of stovarsal was inaeased to loo mg daily With this regimen the process slowly sub- 
sided and the dose was gradually increased to 130 mg of stovarsal dally for three successive days fol 
lowed by three day rest periods The patient was discharged on the sixty-seventh hospital day and fol 
lowed as an out patient for the next three months While an out patient, he received the same therapy 
for two months with complete disappearance of all skin lesions except for a small bnllons lesion on the 

left hand r vt— 

Approximately two months prior to admission to Madison General Hospital, the patient developed an 
acute painful swelling of the left elbow This was thought to be an acute bnrsias The joint was as 
pirated and blood was obtained A pressure bandage was applied and no farther bleeding occurred 
I-ater, 1 large ecchymouc areas developed on his nght arm while he was bait casting These gradually 

subsided 

'Past JAidual Htstery The patient had a benign bladder tumor fulgurated twelve years prior to ad 

mission 

Fmlj Htstnj No other members oT the paaent s family had had any hemorrhagic diatheses 

PhjiKal Examinaltm The patient was a well developed, fairly well nounshed man who did not 
appear acutely ill The temperature was 55 6 F the pulse rate was 80 the blood pressure 130/80 mm 

Hg 

The vessels of the optic fundi showed a gtade x sclerosis with no evidence of hemorrhage or exudates 
A few palpable cervical and axillary nodes were present There were a few scattered, fine crepitant rales 
la the posterior lung fields bilaterally The left cardiac border was percussed i cm outside the mid 
Havicnlar Ime There were grade i apical and aortic systolic murmurs which were not transmitted 
The liver edge was palapable a cm below the right costal margin and was nontender The spleen was 
not palpable There was moderate tenderness over the left side of the abdomen at the level of the um 
bilicus Bilateral indirect inguinal hermas were present Vibratory sense was absent in the left leg 
Sternal tenderness was noted 

The preliminary laboratory studies were as shown in tabic i 

On systoscopic examination, blood was seen coming from the left ureter 

X ray studies of the chest were negative for signs of tuberculosis and pneumonitis A retrograde 
pyclogram of the left kidney revealed that the kidney was displaced upward X ray studies of the kid 
neys ureter, and bladder taken after the retrograde pyclogram showed small areas of opaque material 
m the region of the left kidney pelvis which was interpreted as the contrast material of the retro 

grade pyelogram incorporated in blood clots c . 1 j r i 

a, meal ami The patient s stay in the hospital was characrerircd by exacerbanons of bleeding to 
lowed by a quiescent period during which the patient improved On one occasion his cradition appeared 
ttnninal Auricular fibnIUtion developed with evidence of decompensation The blood nonpotein 
mtrogen became elevated and symptoms and signs of uremia followed There was * gra ua rc« 

this acute phase Numerous episodes of spontaneous hemorrhages occurred which invo t e 
^Pper and lower extremities At one time the hemorrhage into the left arm was so atensi e t 
tadial palsy resulted There were mtracapsular hemorrhages into the shoulder elbow, hip and knee 
loints On two occasions bleeding occurred into the tongue with extension into the mblingua! mgiim 
"’ll the pharynx There were two episodes of gross hematuria On several occasions the physical 
°gs were compatible with intra abdominal and retroperitoneal bleeding Th^ , i ^ 

Kvere low back pain assoaated with clonic contractions of the muscles of the back and^th lower ex 
^cnuties It was thought that this resulted from an extensive hematoma compressing the 
At one time there was hemorrhage into both paroud capsules Progressively however it appeared that 

t patient was slowly improving, for the episodes of bleeding were not as frequent an t e emo-r g**s 
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wtrc Icsi cxtcnii'T Because of the futility of the treatment and the low morale of the patient he sras 
dischar{;cd on August i6 15^7 His condition has impnived subjectively since ditchatge Thete hai 
been increased appetite The radial nerse pals) has disappeared There have been no n*w episodes of 
bleeding up to the present time even though a coagulation time done after two months at home was 90 
minutes 

TAtrjgr Along ssith the supportive measures that were necessary to control pain, combat thepa 
sistent anemia and maintain the patient m the best possible state of nutntion and hydration, speafic 
therapeutic agents were employed in an attempt to control the bleeding tendency Blood ttansfnsioni 
plasma concentrated albumin, intrasenous calcium gluconate hemostatic serum, vitamins C K,Paiid 
glucoside of quercetin (rutin) were administered until the condition could be further investigated When 
It was discovered by adding the patient s plasma to normal whole blood that the coagulaaon defea was 
due to a circulating anticoagulant which prolonged coagulation time of normal blood 50 u:. of i fer 
cent solution of salmine protamine were given intravenously daily for fourteen days ’ * This therapy 
failed to alTect the coagulation time matenally 


Table t — Ktsnm of Lahoratirj F/ndisg/ 


Erythrocyte count 
Hemoglobin 
Leuhocyte count 
Differential 

Sedimentation rate (Wintrobe) 

Blood non protein mtrogen 
Hanger s test (cephalin-cholesterol flocculauon) 
Fasting blood sugar 
Icterus index 
Total serum protein 
albnmin 
globnhn 

Serology 


1 570 000 to ^ 130 000 cells per cn. mm blood 
5 to 11 Gm per too cc blood 
8 100 to 19 500 cells per cu, mm. Wood 
neutrophiles increased to 87% dnnng febrile 
state 

4.5 mm in one hour 
xj-yy mg per too cc. 

1+ m 48 hours 

87 to 1x9 mg per too cc. 

8 to 50 units 

4.5 to 6 ^ Gm per 100 cc. 

I 5 to 3 1 Gra per too cc. 

1 8 to 4.4 Gm per lOo cc. 

negative 


Methods 

The cxpcnmcntal technics used in these invesugations were 
possible All blood samples were drawn in cooled, oiled synnges \ cn ci ^ 
plasma was used, the blood was obtained by venipuncture and miic 
cent sodium citrate in the ratio of 9 1 The mixture was kept in an ice * 
used With the exception of the studies on the effect of high and ow ce^ ^ C 
and platelet activity, the blood was centrifuged at 1500 rpm 
When uncitrated plasma was used, lusteroid tubes were substitut or g 

The Lce-White method was used in determining the coaguJauon ^ 
blood In studying the anticoagulant, glass tubes 13 mm ^f^f^n,pOTCurc 
in a water bath at 37 C and all clotting times were dctctmine a 
The reagents used in all expenments were also kept at 37 G specified ib- 
id the individual studies were maintained at i ml coagulation time 

stances With a calcium chlonde concentration of o ^5 ^ u„citrJtcd plnsw*- 
of rccalcificd normal plasma was 1-3 minutes, that of no 
4 5 to 5 5 minutes 
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Effect of cttrated normal human plasma on the coagulation time of the patient s blood 
To determine hether human plasma in minute quantities would shorten the 
coagulation time of the patient s blood, the proportions were set up as shown in 
table 3 Small amounts of normal plasma shortened the coagulation time of the 
patient s blood to some extent, but did not return the coagulation time to normal 
limits The coagulation time changed very little when larger amounts of normal 
plasma were added to the patient s blood 
Effect of patient s cttrated plasma on the coagulation time of normal blood Amounts of 
patient s plasma varying from o i ml to o 003 ml were added to i ml of normal 
blood In all cases, isotonic salt solution was added in sufficient quantity to make 
the volume of the patient s blood preparation equal to o i ml The results arc given 


Table i . — Special Hematoloisc Stnitts 


Platelet count (direct wet method) 
Bleeding time (DuLc) 

Coaguladon urac (capillary tube) 

(Lee White) 

Qot retraction 

Tourniquet test (Rumpel Lecdc) 
Prothrombin concentration (Quick) 
Pibnnogen 

Aicorbic aad (fasting whole blood) 
(fasang plasma) 

Antithrombin activity of scrum (Wilson) 


000 to 314 000 per ciL mm blood 
1 5 to 3 5 minutes 
4 5 to 45 minutes 

90 to 170 minutes 
normal in l 4 hours at 37 C 
normal 

91 to ios% 
normal 

o 40 rag per 100 cc 
o 13 mg per 100 cc 
normal 


Table 3 —Effea ef Curate J Normal Heeman Plasma on the Ciajulatien Time ef the Patient 1 Bleed 



Coagulation Time 


minutti 

2-0 ml paaent s blood (control) 

1x7 

2-0 ml patient s blood +o oi ml normal plasma 

84 

2-0 ml paaent s blood +o 03 ml normal plasma 

83 

2-0 ml paaent s blood +0 03 ml normal plasma 

68 

2-0 ml paaent s blood +0.10 ml normal plasma 

119 

2-0 ml pauent s blood +0 xo ml normal plasma 

110 


Jn tabic 4 These data show that an anticoagulant activit) was present in the 

patient s plasma 

Effect of the patient s uncstrated plasma on normal unettrated plasma It "as °iin t at 

'vhen dilutions ranging from o 05 to o ao ml of the patient s unci tra ted p asma 
added to o 4 ml of normal uncitratcd plasma, with o 15 M sodium chloride 
^aded to make a volume of i o ml , the effect, although not as marked as that 
showr in Tables 4 and 5, showed some tendency toward prolongation 
Effect of patient s cttrated plasma on normal cttrated plasma The abo^ e experiment 

repeated with curated normal and patient s plasma to "hich "as added o 4 
of o 02.5 M calcium chloride and o 15 M sodium chloride to make a total of 
* o ml The results of this and a control arc shown in table 6 
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The data show that when increased amounts of the patient s plasma, pievicrasly 
rccalcificd, arc added to o 4 ml of normal plasma, the coagulation time is increased 
The cficct IS not cxtrcmclj marked until o 4 cc of the patient s plasma is added, 
in which case it is shown that equal amounts of normal plasma and paoents 

Tabut ^ — EffrO tj J OtrattJ PUimj m ih Ctiitletifn Tim ef Ncrmtl Blni 


Coapila lion Time 



ff/irstej 

X.O ml normal blood (control) 

12. 

1.0 ml norma! blood +0 ooj ml patient a plasma 

18 

1.0 ml normal blood +0.005 ml patient s plasmi 

M 

1.0 ml normal blood +aoio ml patient t plasma 

1-5 

X.O ml normal blood +ao3o ml paucnc t plasma 

48 

2-0 ml normal blood +ao3o ml patient % plasma 

58 

1.0 ml normal blood +0.100 ml patient s plasma 

8a 


Ta&lr 5 — Efjttt ej Patttra s VnearsteJ PUtmM en thermal UixtSrmJ Plssis* 


Patitnl sPUtnu 

Normal Plasma 

0 IS M Nan 

CcsjnlaUtta'TtBe 


nf 

ml 


0 00 

0 40 

0 60 

4 J 

0 05 

0 40 

0 53 

7 0 

0 15 

0 40 

0 35 

13 0 

0 lO 

0 40 

0 40 

7 0 

0 lO 

0 00 

0 80 

149 0 

0 00 

0 10 

0 80 

4 5 


Tadlb 6 - — E§<cf cf Pattmt j OrratiJ Plasma cn Normal Otraltd Plasma hM of nrasm a 

normal cUrattJ plasma and rtcalaficd loili o 4 ml of 0 02} M (olotam ' 

CoafoUlion Time 


Normal FUsma 

Patient a Platma 

Control Plasma 

ml 

ml 

ml 

0 40 

a 00 

0 00 

0 40 

0 05 

0 00 

0 40 

0 15 

0 00 

0 40 

0 lO 

0 00 

0 40 

0 40 

0 00 

0 40 

0 00 

0 00 

0 40 

0 00 

0 05 

0 40 

0 00 

0 15 

0 40 

0 00 

0 xo 

0 40 

0 00 

0 40 



o 

o 15 
o 10 
o 00 
o 40 
O J 5 

o 15 

o 10 
o 00 


Kt 

1 5 
5 5 
« 5 
8 0 

13 ° 
1 5 
3 ° 
1 5 
1 5 
3 ° 


plasma give a coagulanon time of over 13 minutes A co 
lecalafied normal plasma to normal plasma did not show as 

Bfftct ef high and low ctntrsfsigmg on fatsmP s ctmsttd of citraK<^ a^ 

pared wstb the normal To rule out hemophilia further, P 
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cirratcd patient s and normal blood were submitted to high (jooo rpm for five 
minutes) and low (loco rpm for fise minutes) centrifuging Quick^ ‘ has observed 
that after high centrifuging the coagulation time of rccalcified hemophilic plasma 
IS considerabl} slower than that obtained b> spontaneous sedimentation or low 
centnfugation This could not be demonstrated on the plasma of this patient 
The findings arc recorded in table 7 

Samples of citrated and uncitrated blood from the patient and from a normal 
mdiv idual w ere submitted to centrifugation at 3000 rpm per minute for five minutes 
and also at 1000 rpm for five minutes This expenment was done in order to deter- 
mine w'hether or not the same relation to spinning blood at 3000 rpm and 1000 rpm, 
which Quick found in hemophilia, applied to the blood of this patient No such 
similarit} was obtained 

•Ej^fcr of salmtnt protamine and toluidine blue on the coagulation times of patient s and 
normal blood Although it has been stated above that salminc protamine was 


Table 7 — Effta of High and Lam Centrifuging an Palitnl i Citratid and Uimitraled Plasma as Campand 

msth the Normal 



Normal 

Plasms 

PsUcot S 
PUsms 

0 15 M 
NtCI 

0 025 M 
CtOt 

CotnlatiOD 

l^e 



ml 

ml 

ml 

ml 

mtn 

High speed 

centnfuging of uoatrated 

0 00 

0 10 

0 80 

0 00 

68 0 

plasma 

0 iO 

0 00 

0 80 

0 00 

4 0 

Low speed 

centnfuging of unatrared 

0 00 

0 xo 

0 80 

0 00 

149 0 

plasma 

0 xo 

0 00 

0 80 

0 00 

4 5 

Ihgh speed 

ccntnfagto^ of rcciJaficd 

0 00 

0 10 

0 60 

0 40 

9 5 

plasma 

0 xo 

0 00 

0 60 

0 40 

1 0 

Low speed 

centnfuging of rccalaficd 

0 00 

0 10 

0 So 

0 40 

iz 0 

l^isizu 

0 xo 

0 00 

0 So 

0 40 

3 0 


It was found that by employing the technic onthned in the explananon of methods normal blood 
remained unclotted for over 90 minutes and the paoent s blood was not coagulated 6 hours later 


tiscd intravenously with no appreciable reducuon of the clotung time, experiments 
performed to test the cffccuvencss of it, and toluidine blue in vitro Amounts 
a o I per cent solution of the two drugs, ranging from o oi to o 10 ml were 
added to o lo ml of the patient s citrated plasma which was diluted to i o ml 
With o 13 M sodium chlondc and rccalcified with o 40 ml of o 015 M calcium 
chlondc It was found that these drugs further prolonged the coagulation time of 
rccalcified patient s plasma This experiment was repeated using normal blood w ith 

similar resists 

To test the effectiveness of these drugs to neutralize the anucoagulam propemes 
heparin, 1 unit ofheparin was added to ozo ml of normal plasma The reagents 

salminc protamine, toluidine blue, o 15 M sodium chlondc and o 013 M calcium 
chloride were added in the same order and amounts as discussed in the previous 
Paragraph These studies showed that i unit of heparin prolonged the coagulatmn 
of normal rccalcified plasma to ii minutes (normal z-3 minutes) and that 



ii6 


STUDIES ON UNDETERMINED aRCULATINO ANTICOAOULANT 


o 01 nil of either of the two drugs being tested reduced the clotting time to 4 5 
minutes Amounts in excess of o ot ml of salminc protamine and toluidinc blue 
prolonged the coagulation times 

Srudttscn Platdtt Fraf^tltty 

Studies on platelet fragilits were performed according to the method of Muhre, 
Bogart and Hogan’ bj combining the patient s rccalcified plasma with concentra 
tions of sodium chloride sailing from o 33 to i 5 per cent The results of these 
experiments show that the clotting time obtained with o S per cent saline soluuon 
w as found to be the same as that obtained with rccalcified plasma, 1 e , lominutcs 


Table 8 — SinJtti Platelet Attertty 

Rccalcification wjj earned out in each instance with a40 ml of aoij M CaQi 


Plafelel Poor Plafcra 

Saline Sutpenilon of 

PlatcIcU ! 

0 15 if a\*Cl 

Ongabtica Tisa 

rrlf 

nt 

mt 


0 10 normal 

0 XO normal 

0 10 

X 0 

0 10 normal 

0 xo patient 

0 XO 

3 ° 

0 10 normal 

j 0 oo — 

0 40 

s s 

0 xo paaent 

0 00 — 

0 40 

z 6 0 

0 xo patient 

0 xo patient 

0 xo 

XI 0 

0 xo paaent 

0 LO normal 

0 xo 

so 0 


Table 9 

Test System o lo ml paaent s atrated plasma +0 40 ml normal plasma +0.40 mL aif 

+ 0,40 ml 00L5 M CaOs 


Conditions to which FtUent s FUuna was Subjected 

CMjuUtwn Tme 



1 

4 degrees C for 14 hours 

3 ° 

Room temperacure for 4 hours 

3 ° 

61 degrees C for to rainutet 

7 5 

Unheated plaama 

5 


When the sodium chloride solution became hypertonic the coagulaaon 
prolonged This procedure was repeated on normal plasma with sum a 

Studies on Plattht Activity 

To rule out further the possibility that the platelets wre to the 

coagulation defect, a study of platelet acuvity was cittatiBg 

method described by Patek and Stetson " The techmc for ” f„bes w«t 

the blood was that of previous expenments except tbit para 
used instead of glass The pipcts used in these studiw the bl«>^ 

with a thin film of collodion Plasma was obuincd Jd„dat 4 ^«i^ 

1500 rpm for ten minutes This plasma was svi^draw^ platelets were 
for fifteen minutes to produce platelet-poor plasma P 
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from the platelet-poor plasma and were washed in normal saline and resuspended 
in a \olume of o 15 M sodium chloride equal to the original volume of plasma 
The results of this experiment are shown in table 8 

The data indicate that there was no essential difference in the activity of platelet 
suspension obtained bj this technic and that obtained from normal blood and 
from the blood of the patient 

Effect of cold storage, room temperature, and heat on coagulation time of patient s titrated 
plasma Citrated samples of the patient s plasma were subjected to 4 degrees Centi- 
grade for nvent}-four hours, room temperature for three to four hours, and 61 
degrees Centigrade for ten minutes It was found that heat did not destroy the 
anticoagulant, but when the plasma was allowed to stand at room temjxrrature 
for four hours or in a refrigerator at 4 degrees Centigrade for twenty-four hours, the 
coagulation time of patient s plasma was normal (2.-3 minutes) and the anti- 
coagulant action on normal plasma had disappeared as shown in table 9 

Eff cct of Dialysis 

Ten ml of the patient s plasma, prepared in the usual manner, were placed in a 
viscose casing bag and allowed to rotate in disulled water for a penod of twenty- 
four hours at 4 degrees centigrade The dialysate and the contents of the bag were 
found to have no anticoagulant activity 

Electrophoretic Analysis 

The a/g ratio was found to be o 63 The patient s plasma was submitted to 
electrophoretic analysis Increased amounts of each of the globulin fractions were 
sported However, as a whole, the pattern of the globulin proteins was not re- 
iDarkable The actual analyses for albumin and globulin, based on the Shimng 
diagram was a 9 Gm per cent albumin, 4 ^ cent globulin per 100 ml of 

plasma 


Discussion 

The known hemorrhagic diathases, such as increased capillary fragility, throm- 
bocytopenic purpura hemorrhagica, afibrinogenemia, hemophilia, pseudohemo- 
phiha, hypoprothrombinemia, athromboplastinopenia and afibnnogcnopcnia have 
been ruled out either by the history or laboratory findings, as summarized in 
^ble 1, or by the therapy that the patient received 

The discovery that the patient s plasma prolonged the coagulation time ot 
bonnal blood established the presence of a circulating anticoagulant The ins esti- 
mative results of the patient s coagulation defect do not place this anticoagulant 
‘“four of the five categones postulated by Quick,* namelj, decalcifjing agents 
aotiprothrombins, antithrombins and fibrinogen antagonists The question o 

'vhether antithromboplastin IS present IS not clearl} answered 

The presence of any one of these factors as the cause for the defect in the coagula- 
mechanism, although not positively ruled out, has at least been e iminatc 
'«ept for antithromboplastin The studies show that the patient s anticoagulant 
'vas not destroyed at 61 C for ten minutes, while the antithromboplastin described 
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bi Tocantins uas dcstrojcd b) heat Munro s’ argument chat there possibly exists 
more than one antithromboplastin is logical 
The msestigatnc work conducted on this patient was as complete as possible 
with the asailablc technics The data accumulated arc similar to those obtained 
b> Lozner ct a! Lawrence and Johnson,* and Munro’ regarding the nature of 
the anticoagulant with one probable exception, namely, their anticoagulant was 
stable to storage as well as heat, a finding which is probably not altogether tme 
for this patient, so far as one ma} judge b) a comparison of table 3 and 8 Howerer, 
if one can compare the data of whole blood and plasma as i» necessary in these 
experiments, one would judge that at least part of the antithromboplasuc or anti 
coagulant actnitj was destro)cd Neither the anticoagulant described by these 
w orkers nor the one described here passed through semipcrmeable membranes It 
IS thought, howet er, that the results obtained on these studies arc comparable to 
those reported b) other inv cstigators on patients w ith similar afflicaons and hence 
this case probabl) belongs in the same or a similar category 
The factor which precipitated this hemorrhagic diathesis is as obscure as m 

the case reported b) Lozncretal ‘ It is possible that the pemphigus was the eiating 

factor Stovarsol cannot be eliminated, even though routine laboratory studies 
during the period that the drug was used were in no wa> unusual Coagulation 
times (capillar) tube method)of 5 patients with pemphigus, who received stovaiw 
thcrap), were within normal limits Another possibility is that the prolongm 
coagulation time would hate occurred spontaneously Unlike the patients 
Lawrence and Johnson’ and Munro,’ our patient had a coagulation defect poor 
to the administration of multiple transfusions 

Conclusions 

The results of various studies upon a piaticnt with a coagulation dUect 
ported The cause of this defect was found to be a circulating anticoagu ant, w 
exact nature remains obscure 
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FAMILIAL PANMYELOPHTHISIS 

Fanconi Syndrome in Adults 


Bj Karl Rohr, M D 

T he following case histones arc of interest because they arc the first 
reports of a familial panmyelopathy of the hypoplastic type occurring m 
adults Two brothers Mere adcctcd 


Case Reports 

Cut I Sch , Franz was born in igii As a bo) he was nicLnamcd the negro because of marked 
pigmentation He was health) apart from bouts of eczema 

In 1939 at the age of 18 he had poliom)clitis ssith resulting weakness of the abdominal mnsclei 
Anemia was discos ered for the first time during this illness ssuth hemoglobin levels varjing betiven 60 
and So per cent In April 19^5 the hemoglobin was again 60 per cent In Angust 1945 the hemoglobin 
had declined to 53 per cent and in September to 51 percent He was given transfusions and Fcrrortdozin 
therapy and his hemoglobin rose to 80 per cent When seen early in 1946 after accidental bummg of one 
arm, hit hemoglobin had again dropped to 48 per cent and he was transfused In June of that year bii 
hemoglobin was 65 per cent He complained of being very tired and developed dyspnea with little ci 
ertion He also complained of severe pains in the tibiae and vertebrae slight edema and ginginns In 
Nos ember 1946 three teeth svere extracted because of stomatitis and this was followed by fever ranging 
between 38 and 40 C there ss as profuse bleeding the hcmoglobm declining to 30 per cent and later to 
Z4 per cent Temporary improseraent follosved transfusions and penicillin therapy Later that year he 
had bronchopneumonia and his hemoglobin was found to be only to per cent He died in March 1947 
the age of 16 ) cars 

Physical examination showed that the form and the size of the head were normal as were the gem 
talia The skin shossed a marked greyish pigmentation especially on the face, forearms and ro a 
extent on the abdomen Petechiae ssere seen in the skin and mucous membranes in 1944 ^ 

1946 at the time of the teeth extraction he shossxd marked pallor gingivitis stomautis « 
and there svere hemorrhages in the fundi of the eyes The heart was found to be sUghtly arge m ^ 
September 1943 the blood pressure was 130/70 The electrocardiogram was normal at that time 
November 1946 showed signs of myocardial damage wrceot 

The urine showed urobilinogen and indican but no porphymn Serum bifirubm was o 
and phosphates and phosphatase were normal The Takata Ara rcacuon svas neganve e 

coagulation band w 15 o zj (enlarged) and the scrum proteins were 6 8 Gm percent grarc i 

Hcmalthpc findings The course of the anemia has already been indicated and is s ^ i i to 1 1 
The red cell counts initially were between z 7 and 3 5 million per cu mm later butsva' 

million per cu mm and finally to 660 000 per cu mm The color index varied roroogei 

usually over I z count svas about 4 

The svhite blood cells in 1939 were z 700 to 8 300 per cu mm During 1945 tj^g the cooui 

percu mm at first later dropping to between z 000 and 4 000 per cu M In gj per cent 

svas only 500 per cu mm and finally reached as low as 310 per cu „lpuiorphi dropped 

at the b-ginning svith Z5 per cent lymphocytes This gradually changed so t a^ to fo per ceot 

to 58 per cent and then to 34 per cent the lymphocytes rising to 31 per cen^^ „ cent The blood 
Monocytes varied between 4 and 10 per cent and the eosinophils miaocyiosu 

smear showed anisocytosis of marked degree throughout the illne« svi ^ per cent m Jeor 

and poikilocytosis Poly chromasia svas marked for a long time Rcticulocyt 

1946 but later declined to o 3 and o 4 per cent pejr lay betswen 

^ The olatelets were noted to be dimimshed in August 1945 and conn ^ 

svith a drop finally to i 000 per cu mm 


The platelets 
4 600 and 3Z 000 


From the Medical Department University of Zurich Switzerland 
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The bleeding time was 3 minute^, and i 1/1 mtoutes and the coagulation iimc was normaJ on two 
occasions (5 minutes) The osmotic fragility test showed initial hemolysis m o^ per cent NaCl and 
complete hemolysis in o jl percent NaCI 

The scdimcniation rate w as first found to be high in 1944 Readings by the Westergren method showed 
results of 60 to lot in the first hour and 76 to 130 in the second hour except for readings of 30 for the first 
hour and 60 in the second hour after transfusions had raised the hemoglobin to 30 per cent In the terminal 
stages of the illness the readings were 17Z and 175 m one and ttvo hours respectively 

Bone marrow studies daring life arc of interest In 1945 smears showed abundant marrow macro- 
blastosis and increase of the mctamycloc) tes and stab forms In 1946 the marrow showed a good deal of 
fat hypioccllularit) with few basophilic ci^'throblasts and myelocytes and almost no neutrophils, but a 
great increase in the reticular cells of the lymphoid and plasma cell types (fig x) In 1947 marrow 
even poorer in the normal cell t}*pcs L) raphoid and plasma cells predominated, being seen in gronps 
of 6 or 8 L) niphoC)’Tc$ were also increased, in pares a great many fibrocytes with fibril formation were 
*ecn, and there were also an unusual number of tissue mast cells as many as 4 or 3 per field (fig 3) 
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CounjE OF THE Blood Comm in Sen Franz 


The hem .bowed d<l»tmoci w.th hypertrophy of the 
*ccndo- and myocardium There waj bronchopacuroodia at the r<g t dwct , mucous 

Wttoa tie brata showed sl.ght blecdtag Thete svem 

““fflbranes Gcacralizcd hemosiderosis svas observed throughout ‘ " . i Rudimeatar) ccatcrs 

^atntheltvercells Browa -a free p.gmcatat.oa of the sba was aJso Rui^^ 

lood formattoa with dcvclopmeat of megakaryocytes sseie oun i ntecwitial tissue of the 

^ of chronic laflammanoa were seen la the 5upr«eaal medullae and .a the mtcrwi 


ktdi 


r- now IS rears old The course of his 

^ a Sch Will, The younger brother was born in 1913 

the age of 15 l „ 10 with a cold which was follossed b; 

oe present illness started in November 1943 Rt the age ~ Follow me Obazol thcraps 

Pieumoma of the left lower lobe while the patient was in mt ita^ *1!^' a, mentation rate persisted with 
e pjTcjtii diminished but a low grade fever continued an a The hemoglobin at 

dings of 90 mm m the first hour and loj mm m the secon 

of the illness was 86 per cent later dropping to 60 per cent 
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rooit pfomincfit feature, with etneciallr bad WctdiL^o^*’ ""t!" * tendency alnayj ik 

to run a low wade ferer with trmtvn- k«. e t. n*tracuoo of a tooth He connnoed 

»!-. .< i.s:Jz Z: 

PT occurred In 1345, the patient began to snffer from 



Y » • » # 

I 

# I • m m, 

vT 


c 

FlO Zh. SxBltNAIa PpN C TO mS Of ScH F^ANZ 

(a and b) Microphotographic enlargement (X i ooo) aujien of plasma cells with central ttoodu 
cells 

(c) From the same slide photograph from watcrcolor picture Smaller basophilic stroma cells (p^ 
mocyuc, hmiocvDc and fibrocytcs-Iike cells) 


tucfc ^ 

Tiolcnt pam in the bones, and had iDtercurreat eosinophilic infiltration of the longs ^ ^ 

epidemic hepatitis At umes there was spontaneous improvement in his condition The disease 

ustant to all forms of therapy including snlfonanudcs, penicillin in large doses iron an 

of Titamtns Temporary improvement could be brought about only ty transfusions He was grren 


than 70 transfnsicmi totalling about lo liters of blood gepimitet 

Because of the failure of all other therap-utic measures $plcn*ctotny was cam ceased the 

1545 Following operation the hemoglobin increased to 70 per cent, the bleeding ten 
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>g>in increased w'HhTrKumltt 0"^'^ d' ueeks after operation the anemia 

‘‘P «d thighs. ,n the shoullt Mad d K n f 

£ shoulder blades and the sertebtal column The skin of the legs gradually became 



a 


b 




Fio 3 Sternal Puncture op Sch Franz 

^*<^opIiotographic cniargcracnc (X i ooo) Various tissue mast-cclls b-sidcs connective 
COlw ^y™phoid rccicuJar cells 

**oJatcd mast cells in aplastic anemia, photograph from a watcrcolor picture Note the coarse 
granulation and the protoplasmatic pscudopodia 

^"alu'^d*™”*'' "^th dark pigmented spots At the beginning of Januarj 19^6 the ptient was gism 
jnj m '•'“■apy m the Engadine His clinical condition became stationan vnth frequent violent 
‘pjjp ^ ^nd pigmentation of the hands The hemoglobin at this time s' as 65 per cent 
‘one “edition remam-d unchanged up to the end of April 1947 The patient had been able to 
‘ght svork for several months He often complained of violent bonng pain in the bones of I'cs 
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the cerricel vcnebrac, the ihoulder bladci »nd the bonei of the jiw After prepirjtuoa by blood ttitis- 
futinnt, Ji dcca)ed teeth were extracted without any jevtic bleeding Only rare bleeding into thetfan 
and cpijtaxu had occurred and there had b-en no hematuria The temptratore had been only ihghdy 
eJciatcJ except during an mnucnxal infeciion The hemoglobin on March 30 1537 war 59 per cent. 
Liver and folic acid therapy were without effect 

Ph} iical cxaminaiionr done at various times during the illness showed stnbing pigmentation of die 
sLin, especially around old scan, as well as brownish spots of pigmentation on the mucous nwnbeairof 
the mouth The skin was delicate and decidcdl) smoke grey in color, pirucularly on the legs and thigbs, 
and to some extent on the arms and bod) In a few places some darker spots were noticed It was obscrrtd 
that the patient bad a slender skull and x rays revealed a thin skull with a small scUa turaa The struc 
lure of the body was somewhat asthenic and gas-e the impression of being slightly infanole There were 
few hairs on the body , with hardly any beard growth and feminine genital hair diitribunoo (fig 5)- 
He w as found 10 be intellectually normal No abnormalities w-erc found by x ray in the pelvic bone femur 
or humerus 


1942 /944 1945 

Mb.E(ietk.L Thr TL n m VM It XL 

%rti//%o Su * 

/OO 5 too Icfioa loo.ood 
90 90 9000 9aooo| 


1 nr JL t 


BO 4 80 qooo aQOOOi 

70 70 7^000 70000 

60 3 60 6000 60 , 000 | 
•S’O 50 5030 5QOOO 

-70 2 40 4,00040,000 
JO Jo JpOOSQOQO 
20 I 20 2poo 20000 
10 to 1000 10000 


i/?ec 



'Pnevtno^ HemerDiatiX He/rorD/ath. 

Denii/ £xtrl , j » 

Transfiisms Sptenedomy tn^adm 

Fio 9 CooasK or trb Btooo Courm iir Sen Wiuj 

The unne gave a slightly positive test for urobilin and occasionally ihoivtd 
Free hydrochlonc aad was present in the stomach The stools contained 
no increase of nrobilm X rays showed the stomach and incesanes to be normal e e 
showed deflccuon of the T wave in the second lead but was otherwise normal 

rate was +4 per cent cholesterol i® lif 

Blood chemistry showed total proteins varying from yxj to 7 8 gro pet 100 ^ pooproceio mncg“ 

mg per 100 cc scrum uon 171.-10-5 gamma per 100 cc 9 5 dnnog 

X7 mg per 100 cc , the unc acid 4 a mg per cent and the ° ^."^^criofl w« “S’"" 

attict of cpidcliuc hepatitis when it rose to 6 x nig per cent c 

the Weltman coagulation band was o a (enlarged) ,^rcd blood eulrures *«* 

The Wassermann, Pitquet and Mantoux reactions were negativx, repea 

also negative 4 Ct txm cent except »ba 

HrnsarWrgie/mfmgr The hemoglobm va^ b«we^ 59 ^ ^ mO 

rise to 70 per cent following splenectomy The red cell count var d 
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Note the slight infantile aspect the feininin 

the legs Status after splenectomy ^ except aftT 

a the color tndex from i o to t 3 The white NeuW^^^ 59 5 « 5 

tnsfnsions and after splenectomy svhen it rose 
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Fio 6 Blood PicnntB of Scb Witu 

Microphocographic cnlirgcment (X i 000) Note the enormonily derclopcd •msocytojo u ' 
macrocytic and microcytic (tchistocytes) forms and in (b and c) the target cells 


smophdt o 5 to 5 o per cent basophils o o to o 5 per cent, monocytes 9 to it per cent 
57 per cent with a rise to 63 per cent following splenectomy and 1 5 per cent piaima cells 
one occasion The platelets were markedly redoced aj ooo to 46 oc» eictpt immcdia f 
tomy when they were 66 000 The reticulocytes were 1 1 to i 3 per cent Blood smears ( g 
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40'pcr.S’f w iTnTU""' “ 9 - >» 1945 The prothrombm mne 

«howcdVn,t,aI hLnkc? ^ coa^ at.OQ time «« i to ii minutes The osmouc fragthty test 

Thcictltm ^ ° 5 P=r cent NaCI and complete hemolysis in o I per cent NaCI 

™ ““r;r‘‘rrw " ■■ ■ «"■ '■» 

*«<«d houts resell f ^ ns.ngtOTomm and no mm m the first and 

F> 1946 the reading, varied from 18/59 to 16/45 tn March 1947 the result was 18/47 
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^ FiO 7 Price Jone* Cuevb of the Foua Bkothebi 

toward h° t^tnpanson with the normal curve the deflauon and broadening of the curve espcaaJI/ 
^ tendency which is strongly marked in the sail Jmng patient, Sch WiIIi in the 
Frana less remarkable and scarcely nouccablc in the healthy brothers 

^ histologically showed moderate thickening of the capsule and trabeculae 

** thickening and hyalinizaaon of the intima of the follicular arteries The pulp contained 
nuDicr with a moderate number of lymphocytes some neutrophils and eosinophils 

A di ^^twidcnn-contaimng pulp cells and some plasma cells The venous sinuses were also enlarged 
Sc<^o^'* of chrome splenomegaly and hemosiderosis was made 
*omc °f agn«r/i ixctstd frvm the suboitts of the leg showxd pcn\ascular lymphatic infiltrations with 
as nn-ii P^^Ttnotphs Numerous hemosidcnn-contaimng cells were found in the conn eenve tissue 

t as in tijc conum 

^}Tnph f°ii* twnc marrow also showed numerous hcmosidenn-containicg macrophages and a few 

°fthcd° marrow was also studied by sternal puncture done seven amcsdtmng the course 

^*ccamc coracalis was moderately hard At first the marrow was rather abundant but later 

The most consistent finding was an mcrcasc of the immature myelocytes and of big ba 
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t^>f'hilic tf) throblaiiA "hile nv^alarjocytct \i£rc i*tn rarely In jcvcral ptwcrorcs many reticular 
Mp*LijIIv larycT and smaller plasmocjtic forms sserc present On one occasion tissue mast tells 
remailably abundant and they sserc seen tn a fess other instances especially in places svhcrc the 
marrovr svas ihich 

F i littery The maternal grandparents died at 70 and 84 years of age both of ranrrr of thcstoniich 
Tlie father IS 58 jears old The mother is 53 years old and suffers from mild hypertension but is othersnse 
vsell Of 8 paternal uncles and aunts one has lubnculosis and a suffer from chronic polyarthnns Tsm 
brothers arc Using and ssxll There sserc isvin sisters, one of svhom svas stillborn and the other died one 
hour after birth 

Of 43 rclatiscs examined only a shosveJ hematologic abnormalities In a otherwise healthy brothers, 
sTith hemoglobins of 100 and loa p-r cent and red cell counts of 4 8 and yas million per cu mnaresptt 
tis cl) the Pnee Jones cursxs shossxd a tendency to svidening of the base both to the macro- and mcro- 

cytic sides (fig 7) Their reticulocytes som'times rose to aaj and a 4 per cent and the semm iron conceo 

trations sserc 140 and 165 gamma per toocc Osmotic fragility tests shosved initial hcmolpis mo^S and 
o 46 per cent NaCI rcspectisely and complete hemolysis in o 30 per cent NaCI in both 
The second patient and the parents sserc Rh positisc 

Discussion 

One of the notable features of the disease in these mo brothers lies in d't*'' 
striLingl) analogous clinical sy mptomatology The features common to both eases 
may be listed as follovss 

1 /fgc of ontet of jympioms In the ease of the elder brother, sy-mptoms began wto 
he was 2-4 years old, although signs were already present five years earlier e 
y oungcr brother became ill at the age of zo 
1 Pt^menration In both patients an abnormal pigmentation of the s n 
reacted attention, shots mg sometimes a brown, sometimes a more smoygr^ 
color Pigmentation tt as present in one brother even before other man esta 1 
of the disease appeared, and in the other patient the degree of pigmentauon 
greater than could be accounted for by the hemorrhagic diathesis or j t ^ 
mcrous blood transfusions , 

3 Htmosidtrosis In both eases, histologic examination revealed an a n 
marked hemosiderosis m the rcticulo-cndothehal system 

4 Patn It! the banes Both patients complained at time^ of vio ent pa 

bones affected from 

5 Panhemocytopenia In both eases the entire bone marrow was 

very' beginning, with resultant anemia, leukopenia and witii 

6 Hematologic findings Both patients had a hy'perchromic type ° nurUd 

a color index between i i and i 4 The cryTihrocy tes reyca («>■ 

anisocytosis with large macrocytes and some abnormally poikdocy 

called schistocytcs) Furthermore, m both eases there was a ten ^Ijchrom 
tosis, occasional target cell formation and to an abnorma 

asia The number of reticulocytes was almost constant y and th' 

patients The scrum bilirubin was normal, the Takata-Ara 

Wcltman coagulation band enlarged and the Wassermann tie 

7 The morphology of the hone marrow At the the marrow 

signs of maturation arrest were apparent Later, hy m t 

chyma appeared which progressed to almost comp ere m 

patient who died Moreover, in both eases, sea g 
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stroma There was marked increase of small as well as larger forms of plasmocytic 
reticular cells (plasmoc) costs), constant increase of the fibrocytes (fibrosis), and 
m addition unusuall) evuberant growth of the so-called tissue mast cells (masto- 
cytosis), with as man) is ^ to 5 such cells per field in some areas 
Additonal features of the disease arc as follows (a) The younger, still living 
patient showed certain signs not observed in his brother, namely slight infantilism 
With deficient hair growth, microcephaly, a small hypophysis and hypogcmtalism 

(b) In one patient the osmotic fragility of the red cells was increased at the begin- 
tting of the illness, while it was normal at the beginning of the illness of the other 

(c) In one patient a few Howell-Jolly bodies and crythroblasts were seen in the 
pcnphcral blood even before splenectomy (d) The level of scrum iron was con- 
tinually high in one patient, but was not determined in the other (e) There have 
been no previous reports in the literature of the occurrence in adults of a similar 
familial form of panhemocytopenia accompanied by such striking pigmentation 
Many cases of familial anemia, agranulocytosis and panmyelophthisis have been 
reported, especially by Gaennslcn and Huber ' However, the climcal picture of 
the two patients reported here seems to bear more resemblance to the constitutional 
panmyelopathy of children, described first by Fanconi* in 1917 and known as 
anemia pcmiciosiformis constitutionalis, or the Fancom syndrome This disease 
bas also been described by Uehlinger,’ Zellweger and Zollinger' and by Dameshek 
and associates ‘ The condition is charactcnzcd by a refractory macrocytic anemia 


With leukopenia and thrombopcnia, brown pigmentation of the skin, micro- 
cephaly, atrophy of the testes and a tendency to deformities of the skeleton 
Hcmatologically, we are apparently dealing with the same anomaly in the pa- 
ejents reported here Furthermore, as reported in the disease in children, these pa- 
tients showed pigmentation of the skin, due apparently chiefly to hemosiderosis 
^e Infantile features were less pronounced here, though they could be seen dis- 
t'nctly in one of the patients The less pronounced degree of these changes seems to 
be connected with the relatively late development of the disease, which set in after 
the completion of puberty in both patients 
Unlike the known aplastic anemias which arc cither normochromic or show a 
•^dcncy to macrocytosis, it is of considerable interest to find in these patients 
an unusuaUy marked anisocytosis with, on the one hand, very large macrocytes, 
and on the other hand, very small microcytes (so-called schistoc> tes), as well as 
Poikilocytosis and target cell formation The reticulocytes were increased up to 
^ o to 3 o per cent, whereas they arc usually lacking in typical cases of ap 
““'nua Although there was little or no increase of bilirubin in the scrum, and 
'he urobilin climinaaon in the urine was insignificant, there were tarious other 
factors which indicated pathological hemoglobin metabolism One indication 
'“creased hemolysis, suggested by the high concentration of serum iron, the ab- 
“onnal osmotic fragility of the erythrocytes and the number of rcticuloc>tcs 
"Mother was the pathologic iron storage throughout the rcticdo-endothchal 
system, as indicated by the hemosiderosis of the vanous organs * The increase ol 


* Thu may „ the effects of mulnplc transfusion it » 

^ “ogenous hemochromatosis seems to derelop much more cxtcnstvel) in cases of hvpopl 
some other cases of anemia gn^cn numcroos transfusions EJirer 


cunous that 
a<tik an-tnia 
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hcmoljsis mi/;ht be explained b) assuming that a more exact balance of hemoglobin 
metabolism existed 

The pathologic functioning of the rcticulo-cndothclial system m the mo pa 
tients studied manifested itself not only in the generalized hemosiderosis, but also 
in changes in the bone marrow As mentioned above, the changes in the reticnloin 
and in the stroma of the marrow were cspcciallj remarkable, consisting of marked 
growth of the reticular cells, especially of the large and small plasmocytes, of the 
tissue mast cells and of the fibrocytes These pathologic changes can be snmmed 
up with the designation rcticulo-fibrosis of the bone marrow The changes m 
the stroma seem to represent the primary disturbance, the first changes being plas- 
mocytosis and mastocy tosis This results in maturation arrest of the normal map 
row parenchyma which follows as the next stage of the process With the evoh 
tion of the disease there ensues a Lind of ocatrization process, an increase of tb 
fibrosis w ith a gradual destruction of my cloid tissue and marrow atrophy is a snl 
later stage of the process 

At present no definite answer can be given to the question of the physio-patho 
logic impsortancc of the enormous increase of the plasmocytes and mastocytes 
However, it is known that both cellular forms should be classified in the reticnlo" 
histiocy tic system and that they belong to the so-called active mescnchyma Tbe 
plasma cells undoubtedly play an impiortant part in the formation of globnho, 
particularly of gamma globulin, and hence in the development of antibodies Th^ 
a relationship benvecn plasma cells and certain immunity reactions appw" 
important On the other hand, the mastocytes, which show a genetic rclaoM » 
heparin and amyloid, presumably have some connection with anaphylactic pt<^ 
esses * It IS theoretically pxDssiblc that these particular plasmocytac and mastocj^ 
changes of the bone marrow arc an expression of an anapiylt^^t/c-alleritc frixin 
the bone marrow In the light of these facts, it is noteworthy that in both pwii^ 
the whole clinical picture dcvclopicd in connection w’lth an infections ^ ^ 
(pwhomyclitis and pneumonia rcspicctivcly) Such a pathologic 
rcticulo-histiocytic system not only explains the pirimary reaction of c 
of the bone marrow with a tendency to fibrosis of the marrow, but also a 
for the abnormal blood picture * vn to be 

Other pathologic conditions of the reticulum or mescnchyma are 
accompanied by even greater disturbances of the blood picture 
cially of osteosclerosis and osteomyelosclerosis, where the pmnajw 
originate in the osteogenic reticulum, and in Cooley s anemia, where pu 

curbance of the myelogenic reticulum which seems to be chic y 5jor 

the disturbances in the formation of blood In these blood miem-’ 

phologic changes of the cry throcytes arc found, namely mar a 
macro-, pioikilocytosis, and target cells These changes arc mu ® ,a tbe 

in Cooley s anemia In both these diseases there is not on y a 0^ 

formation of blood but also a disturbance in the devclopmcn 

* We have found assne mast cells m the bone marrow m hoc a doicn loHnom " 

and aplastic anemias of vanoos euology Cbauol poisoning leutemia 
idiopathic forms) ‘ 
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disrurbancc is not the consequence of the other, but pathologic changes occur in 
both organs from the beginning In Coolcj s anemia, however, the pathologic 
blood formation is more striking, and in osteosclerosis the pathologic bone forma- 
tion dominates the clinical picture 

It IS not difficult to explain generalized hemosiderosis and pigmentation of the 
skin and mucous membranes as a consequence of pathologic functioning of the 
rcticulo histiocj tic sjstem Abnormal hemolysins or agglutinins were not detectable 
in the two patients reported here The parents and the patient who is still living 
arc all Rh-f 


Summary 

An account is given of a similar and hitherto unknown clinical-hematologic 
syndrome in two adult brothers with marked hemorrhagic diathesis, diffuse pig- 
mentation of the skin, violent pain in the bones and panhemocytopenia In the 
younger brother, there is also a certain degree of infantilism The elder brother 
died with all the symptoms of an intensive aplastic anemia, in the younger brother, 
the condition was stabilized after splenectomy The blood picture in both patients 
Was characterized by a hyperchromic anemia with remarkable micro- and macro- 
(^ytosis, and an increased number of reticulocytes In the younger brother, increased 
fragility of the red blood cells and an elevated serum iron content were observed 
In both cases, an unusual increase of the plasmocytic and reticular cells and of the 
^sue mast cells was noticed in the bone marrow and, in the final stages of the 
•seasc, the marrow showed marked fibrosis 

The disease is believed to be a variety, in adults, of the syndrome first described 
y Fanconi as a constitutional panmyelopathy occurring in children The 1 ness 
^ result of a hereditary pathologic reaction of the reticulo-histiocytic system 
*nd seems to have been caused by an anaphylactic-allergic phenomenon c pos 
ility IS discussed that genetic connections may exist between this con 
^ other diseases, such as certain osteoscleroses and Cooley s anemia, w i are 
m'acterized by simultaneous disturbances of the bone and bone marrow an y 
* similar blood morphology 
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EXTRAMEDULLARY BLOOD PRODUCTION 
Claus Musk Plum, Ph D 


I N MAMMALS, throughout postnatal life, erj throe) tes and grauulocjtcs arc 
normal!) produced onl) in the bone marrow, while the third t)pcof circulating 
blood cell, the l)mphoc) cc, is produced chicfl) in the J)niph nodes and the spleen, 
and onl) to a relatue small extent in the bone marrow During fetal life, blood 
foimation occurs to a large extent in organs other than the bone marrow It u 
well known that the liver and spleen take part in fecal blood formation and that 
this function ceases at birth, but no one seems to have investigated the function 
of the mammar) and pirostatc glands with regard to existence and duration of 
hematopoietic activit) within them The observations to be reported at this time 
attempt to correlate the occurrence of extramedullar) hematopoiesis in the tnam- 
mar) glands and the prostate, with the hematopoietic functions of the liver and 
the spleen 

Extramedullar) blood formation b) the newborn has been studied extcnsivcl)' 


in the past few ) cars 


1 7 10 II I’ 


Bcrtclscn' intcstigatcd the origin of the crjth 


rocytes during the last fetal months and the first da) s of cxtrautcrinc life, stud) mg 
especially the liver, spleen and the th) mus gland Schlachta' ’ found cxtramedullaiy 
foci in the prostate and the suprarenal glands. Block* in the kidncvs and the rena 
pelvis, Gruber* in the mammar) glands, and Weil*' in the skin of the soles o ' 
feet The observations by Marchand and Lohlein” of extramedullary foci m t « 
greater omentum and the sole of the foot laid the foundation for all the mot* 
recent investigations of the problems of extramedullar)' blood formauon 
authors found that the perivascular cells, perhaps similar to Saxer s primitive 
tioc) tc,’* were the origin of the great stabfortned t)pcs of basophilic an 
philic granulated cells and of the ctythroblasts The occurrence of the cry m 
in the greater omentum, however, was denied by Seifert ’* 

Well s description of extramedullar) hematopoiesis in the sole of 
human beings was based upon detailed investigations in only 4 
of the hematopoietic foci were found about the sweat tubules or in the 
From his investigations the author concluded that the foci of bio ^ 

always occurred in relation to the sudorific glands or to glands ^ 

a modification of sudorific glands, e g , mammarv glands Weil s stu ics 
tmued by Dictcrich,* who especially observed the mammar) glan s an ^ 
of the hand, foot, head and axilla Dietcnch s observations ^jpjjvjduals, 

ti vely large number of eases 4 fetuses aged z to 6 months, J4 new ^ infants, 
10 children aged 8 days to 3 years, and n adults He found, m /ba 

that the pedal extramedullary foci were limited to the sole o ^ 

being present in the dorsum of the foot This observation agree vvi^ sudorifi*^ 
fcrcncc concerning the occurrence of hematopoietic tissue m re a 
glands ^ 

From the DcparcroeDC of Pathological Anatom/ UmverJity of Copenhagen, 
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In the mammarj glands, Dictcnch found hematopoietic foci which greatlx re- 
sembled bone marrow These foci contained mainly cells of the mycloi ^ 

Ijmphoid scries, er) throid elements being rarely found (in one xi year o ^ ^ ’ 
how'cvcr, large numbers of cr) throblasts w'cre present) Such observations help 
to confirm the thcof} advanced b) Morawicz and Rchn (quoted by Dictcnc 
ceming a reciprocal action bettveen the leukocytic and erythroi system x^a 
medullar} foci W'crc rarel) found in the skin of the hand, an never in t e s 1 
of the back, head or axilla (Dictcrich‘) Extramedullary foci were never foun 

in the normal adults , 1 . , 

As mentioned previously, the formation of erythrocytes an granu ^ 
mally takes place in the bone marrow, but this normal ormation may 
plemented in pathologic cases by extramedullary blood formation Such ec op c 
hematopoiesis frequentl) takes place in the spleen an t e ymp no 
qucntly m the liver, and onl} rarely in the suprarenal glands, kidney, J ’ 
the broad ligaments, and scattered throughout the adipose tissue of 
In general, the sites of extramedullary blood formation w ic are ° occurs 

in Lbryonic and fetal life, are also the sites in which the phenomenon occurs 

under pathologic conditions in the infant and adult rr,r,A:unns in 

Extramedullary hematopoiesis occurs under various patho og , 

adult mammals Recorded cases refer chiefly to man In infants and yo^g childrm. 

extramedullary hematopoiesis is often found in ^ . 1 j foj.jnat,oa 

Various authors^ i» have reviewed the recent literature on cc p 

in eiythroblastosis fetalis In pernicious anemia f 

hematopoietic foci are regularly found in the sp ce frequently 

anemias, especially those associated with liver .^1^00 of 

found in the spleen Extramedullary foci ^o^gkin s disease,*' even 

the bone marrow due to various causes, ,.marion has been described 

when the anemia is not very severe ood ^ heterotopic bone 

in erythremia,” hemolytic )aundice, and ^ anemia in seiere 

marrow have been observed m adipose tissue p exDerimentalh by re- 

sepsis ” Extramedullary hematopoiesis has been substances ’ 

Peated bleeding and by chronic poisoning '^' jp£ ,throidclcments,myc- 

In general, the extramedullary foci may bee po The ectopic hcroato- 

loid elements, megakaryocytes, or of all three , =s idcnce^ for such a 

poiesis is often interpreted as a compensatory p . j^-h a change occurs 

theory being, among other things, the readiness wi little or no room for 

m inZnts and youn| children, in whom the bone marrow has little 

expansion 

Present Investigations ^ 

The present report deals with the results of '’’“J Id irchildrei 

individuals, including 79 fetuses from 6 ° throblastosis fetalis 

and adults from i day to 2.5 years of age material was collected from 

were omitted, and only of Copenhagen 

the Department of Pathological Anatomy, 
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0 9 

5 6 

0 X 

0 3 

0 

+ 




1.30 

C 1 

F |ii5o 

45 

5 8 

0 6 

3 8 

0 6 

0 

0 

(+) 





■•39 

1.50 

3400 

1450 

54 

43 

II 9 

33 ■• 

0 3 

1 6 1 

6 9 

0 X 

0 

0 5 

0 

0 

0 

0 

+ 

-f+ 


h) 


5 10 

1x50 

iSoo 

46 

5’- 

6 3 

XX X 

0 8 

0 8 jj 

6 7 

3 7 

0 3 

0 X 

0 

0 

0 

0 

++ 

0 
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EXTRAMEDOLLARI DLOOD PRODUCTJON 


T*bix I — CtiasniirJ 


Akt 

CaK 

no 

Sfx 

j: 

•5 

C 

liver 

Sjiten 

Breait 

Pro* 

fUte 

1 Plinti 

I 

Snpri- 

rw 

fbstb 

Lob 

foci 

Tort 

loci 

Pulp 

Eryl Myeloc 

Folliciw 
EryL ilyrloc 

(1) 

0) 

U) 

w 

( 5 ) 

(6) 




Cwt 

on 











I da) 

•137 

m 



0 9 

0 X 





0 

(+) 

(+) 

0 

11 days 

339 

m 



1 I 

0 





0 




x6 da)t 

43 fi 

m 



0 5 

0 





0 

(+) 

0 

(+) 

X3 days 

xjS 

m 



0 7 

0 3 





0 




^xdaj 5 

191 

m 



° 3 

0 X 





0 

C+) 

(+) 

0 

5 moaths 

393 

m 



0 1 

0 I 





0 




X3 month* 

430 

m 



0 

0 1 





0 




6j yr 

396 

m 



0 I 

0 





0 




13 JT 

lo 6 

tn 



0 

0 





0 




x6 yr 

103 

rn 



0 

0 




1 

° ( 






i) Avcr2ge of lo field of vinoa — lobulir foa 
x) Average of lo field of visioD — porial foa 
35 Average of lo field of vuion — erythroblastj in the red fmlp 
Average of lo field of vision — myelocytes in the red pnlp 
55 Erythrobliits/follicle 
6) Myelocytes/follicle, 

+++ Hematopoieuc foa in each of ten field of vision 
+ + Hematopoietic foa in more than 67% of the fields of vision 
+ Hematopoieoe foa in more than 35% of the fields of vinon 
C +5 HematopCKenc foa in less than 33%, hot more than 0% of ten field of vision. 
Blank space means no observaaon made in this case 


The organs examined were as follows mammary glands, liver, spleen, 
some cases, the suprarenal glands and the soles of the feet After remova ^ 
the body, the organs were fixed in 4 per cent formahn in o 9 per cent s 
chlondc for two days, and then were treated as usual for embedding 
For each organ lo-ii cuts were taken with intervals of 30 /i The 5-6 ' 

stained with three different dyes as follows (1) hematoxyhn-cosin, ‘ 

Hansen, and (3) May-Grunwald-Gicmsa The sections were cxamin 
microscope, and a notation made of the presence or absence of foa of hOM 
in examination of a number of fields The pamcular magmficanons use 

h i belongs to 

As a hematopoietic foci was counted all crowding of cells, w ^ 

the hematopoiesis, the cells are usually in different stages of the cv op 
number of cells vanes 


Ktsults 


The results of these investigations are listed in detail in table i 

ticulars are hsted in tables 2. and 3 amount of btm’ 

Lmr It would have been of interest to obtain a measure yjt 

topoiesis in the liver, but it was possible to obtain only a 
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from B.ntlscn-^') ^ ^ "‘"Ixrs m f„„uh.s,i 


^nimnm 
^ scrape 

|> 5 =- 0 C160 0) 

=■ C53 7) 

1 ®7 7 C97 5) 

l' 3 * I Cm 4 3) 

I 16 t (. 4) 

1 54 3 (66 1) 

70 2. Cgi 5) 

2-4 (2. 9) 

1 2.7 6 C37 t) 

56 6 (45 8) 

04 (05) 

19 0 C24 1) 

^^«iinnm 

Minunum j 

Avenge 

1 7 a 4) 

° 6 (06) 

^ 30 (i 48)^ 

1^8 (3 0) 

j 0 4 (o 7) 

I ' “ Cl 36), 

2. 6 (14) 

02 (o 1) 

I 17 Cl 18) 

^ ^ 9 C3 0) 

02 (05) 

^ °° Cl 34) 

Age j 

7 months 

8 months 5 months j 

Full pro\\n 


’—. vj ±[iMjri 0 

dTt from Btntlscn ') 



^niinnni 



0 4 

Cl 2) 

0 4 

Co 9) 

12 (06) 

0 1 

Co) 

0 I 

Co) J 

1 0 (0) 

0 iaf 

Co 36) 

0 2^ 

Co 27) j 

0 35 Co 23) 



° 3 Co 5) 

0 r 

Co 4) 

0 1 

Co 3) 1 

° Co) 1 

0 

Co) 1 

1 0 

Co) 1 

0 11 (0 09) 

0 07 

Co 08) 1 

0 07 

Co 09) I 


o - Co 5) 

o (o) 

o oS (o oS) 


7 months 


8 months 


9 months 


Full pronn 


'vas nccc^'^^^'"^ partly in the periportal connecti\e tissue (portal) so that it 
The n ^ differentiation benveen these two groups 

in tabic j. °^foci m the livers of fetuses of \arious ages have been rctabulatcd 
fhc ni„„i ^ here onlj the maximiun and the minimum and the a\erace of 
“umbers given m table 1 
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The number of such foci shows a progressive decline with increase in age, and 
during the last month of pregnane) the amount of hematopoiesis is markedlyde- 
creased, as seen in table i 

Sphen In the spleen, the cr) throblasts and the myelocytes were counted in the 
pulp and the follicles, averaging the number found in to microscopic fields using 
Lcitz objective i/ii-ocular 8 The results arc tabfilated in table 3 It will be seen 
that erythropoiesis in the spleen still takes place at the end of fetal life 
Matrmarj glands In sections of the mammary glands, twenty fields of vision 
were emplo)ed (Leitz objective 3-ocular 8), and the amount of hematopoiesis 
listed from zero (o) to 3 plus C+++). as explained in table 1 
Although the material was small, it allowed the conclusion that the hemato- 
poiesis was maintained to greater extent in the female than in the male fetuses 
These results agree with earlier investigations* that the extramedullary foa 
occur in relation to the sudorific glands or their modifications, e g , themammaty 
glands 

Prostate In the prostate, extramedullary hematopoiesis was observed m anatomic 
relation to the lobules, but the number of foci was not large The findings con 
firmed the observations of Schlachta'^ that it is normal to find extramedullary 
foci here The same seems to hold true for the mammary glands 

The sole of the foot Only a small part of the maternal was used for these invesnga 
tions Here there are small numbers of foci, almost always in relation to the sudor 
ific glands, rarely in the adipose tissue , . 

The suprarenal glands Only a few cases were examined In them, the extramed 
lary foci were very small and few in number 


CoMMEKT 

These observations on the rather persistent extramedullary 
mammary and prostatic glands seems to indicate that the immature bl 
find similar conditions in the bone marrow and the stroma of the gland 
If this is so, an explanation may be forthcoming why malignant cpithe 1 
arising in the breast and the prostate metastasize to the bone (m 
bone containing active blood-forming marrow) In this connection, it is 
that extramedullary hematopoietic foci arc present during fetal ^ ma also 
and the kidneys too, and that bronchogenic caranoma and hypemep 
very often metastasize to bones ^joag 

These statements are offered only as rcflecuons Further invcsugati 
these lines arc in progress 
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dcficicnc) Tabic 1 shows the differences in body weight and white cell phagocytic 
activity of rats adapted to various graded vitamin deficiencies 

Tablc I — Kat Whitt Cxll Fbafficytotts in Graded Vttarntn Dtfeutuus 


Croup j 

I Amount of v/ttmfn 

1 At 6 SF 1 

At 90-91 F »Dd 60-70% R. H 

per kilo of diet 

Aver bod> welaht 
at end 01 penod 

1 Number of bactena 

1 ingested in 4 min ) 

Aver bodv weight I 
at end of penod 1 

\ainber of bictmi 
ingested in 4 mia- 


Thiamin dehaent rats tested after 4 wccLs on diets 






tm 


1 

0 6 rag 


} 40 zfco 

63 

1 6) ±0 16 


I 0 rag 


3 66 nbo 12. ' 

87 j 

5 17 ±0 13 

3 

1 0 mg 


7 $» io -7 1 

■M 1 

7 40 ±0 M 


Rlbofll^ in-dcflcjcac rats tested after 7 weeks on diet* 


1 

0 0 mg 

71 

5 7a ±0 17 

81 

3 81 ±0 It 

1. 

I 0 mg 

165 

8 13 ±0 15 

181 

4 51 ±0 14 

3 

X 0 tng 

iSi 

9 37 ±0 r8 

xi6 

7 54 ±° M 

4 

4 0 rag 

196 

IX 00 rto 30 

XX7 

II 48 ±0 31 


Ptndoxinc deficient ritt 

tested after 7 weeks on diets* 


X 

0 5 mg 


4 95 ±0 40 

167 

7 18 ±0 17 

X 

1 0 mg 


6 8i ±0 36 

191 

9 13 ±0 19 

3 

X 0 mg 

XC4 

8 60 ±0 19 

196 

10 83 ±0 3 ‘ 

4 

4 0 mg 

117 

13 56 ±0 41 

loi 

14 13 ±0 4 ‘ 


Pantothenic aad-defiaent rati tested after 7 

weeks on diets 


1 

0 5 rag 

76 

1 43 ±0 16 

JCX> 

1 35 ±0 11 

i 

I 0 rag 

114 

3 63 ±0 11 

89 

3 78 ±0 u 

3 

3 0 rag 

•31 

4 38 ±0 11 

I6I 

6 83 ±0 

4 

6 0 mg 

198 

5 89 =to X7 

149 

J 51 ±0 17 


Choline defiaent rats, tested after S weeks on diets 


1 

0 0 Gm 



J 47 

X 

0 X Gm 

180 

1 47 dbo 13 


3 

0 4 Gm 

178 

4 88 ±0 17 


4 

0 75 Gm 

191 

6 53 ±0 13 


5 

1 3 Gm 

178 

6 71 ±0 33 


6 

3 0 Gm 



170 

7 

5 0 Gm 



371 


3 08 ±0 S5 



•The riboflavin and pyndoxinc senes were run carucr man me oiuci», ® , 
heavier cnltorc suspension this accounts for the greater number of organisms lagcJtr 

In every series of rats, deficiency of any one vitamin suffiaent to 
also caused a reduction in phagocytic activity of the white blood cells 
tion was most marked in the nboflavin and pyndoxinc senes m 
been kept on the deficient diets for seven weeks before being tes 
deficiency of four weeks duration, there was a marked reducuon ^ of 

Group differences of or more in the number of bactena ingested per 
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=‘=° 55, the diflcrcncc bcinir senes, for instance, the difference is 7 67 

an inSnitesimal likelihnr,/ f probable error and with only 

4 It ±^34 io^ Even the difference 

own probable ^of ^ ^ of the thiamin senes) is twelve times 


Its 


“Sine on” dllnr”^ ^ ^alf day, 

of the orcanismTm!’ h^h for all tubes It is conceivable that many 

f>ctween fhe run course of the two hours or so elapsing 

the nsTnPlPT"^ thus accounting for 

oulture sli^r however, no significant difference was found when the 

five hours aft- r ^““‘^tng for intervals up to 

the rate of tl'Jotton was made, nor did the use of a heat-killed culture alter 

grouos of o Furthermore, the order of testing was always to finish the 

thus nor no°*^ LI °° '■° the senes in the other room It is 

chanec in i*^ account for any of the observed differences on the basis of 

on the a ^^^P^cs of hepannized blood stood about fifteen minutes 

bath I- before being run, but even five hours of standing at room or water- 

^e ^“P"^"trc had no effect on white cell activity 
ccjjj continuous observations of phagocytic activity of single 

''ariatio^^ crent neutrophiles of the same animal may show rather marked 
hcen us^ to activity The statistical approach seemed more appropnatc and has 
ffiJl wh ^“°*^ghout In rcgistenng ingestion counts, any cell was considered 
contained 30 or more bacteria Beyond this point, accurate counting 

‘^®c impossible because of the crowding 

usual 1 ' absence of any vitamin, phagocytic counts often rose from their 

[Q when the condition of the defiaent animal became critical It is 

rccep^ ^Eo that our highest ingestion-counts were always obtained in animals 
^h'^ richest in the vitamin concerned Studies arc now in progress 
ether this relationship would continue with still higher concentrations of 
vitamin in the diet 

lack of studies shown in table i, preliminary tests have indicated that 

acti vitamins A and D (^combined) produces a similar reduction in phagocytic 
cffccT^ I>-aminoben2oic acid have so far been found to be without 

to thiT^^ C deficiency on phagocytosis m guinea pig blood Four groups C4 

bran f of young guinea pigs were placed on a basal diet consisting of wheat 

Ihrcc ll ^ tolled oats (15 per cent), and dned skimmed milk C30 per cent) 

tops of haliver oil were given weekly to supply vitamins A and D One 
3(jj ^ *** hot room and one in the cold were given plenty of leafy \cgctables in 
^ the basal diet, while the second group in each room got no % itamin C 
font weeks, the weight of those getting no vitamin C showed no gain, as 

pjjjj t>f an average gain of about 60 grams per pig in the control group 

shown'^*'” 3-week period gz\e the ingestion finJin^s, as 

to table 1, using the same technic as in the rat studies 
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A second senes of guinea pigs were l>.ept in the rooms on the basal diet for four 
weeks Graded amounts of ascorbic acid were gnen daily b) pi pet, these amounts 
being o 5 mg , i 5 mg , and 3 o mg per da> per pig All those in the cold room 
receiving no ascorbic acid died near the end of the fourth week before they had 
been tested for phagocjtic activity Those of the corresponding hot-room group 
died during the fifth week Tests on those remaining alive at the end of the 
fourth week gave the results as shown in table 3 
The guinea pig bloods were highly unsatisfactorj to work with because of 
troublesome clumping and fragmentation of the phagocjtic cells Even with all 
due reservations as to the accurac) of the counts, however, there is no doubt of a 
marked reduction in phagocj tic activity in sev ere vitamin C deficiency 


Tai»lh X 



Number of bactem iniwtcd per cdl 

Cold room full diet 

18 30 ±0 13 

no vitamin C ^ 

7 30 ±0 30 

Hoc room full diet 

16 11 ±0 44 

no vitamin C 

8 lo ±0 18 


Tadle 3 


Alcorbtc add 


ms IP^Sliay 
o o 
o 5 
t 5 
3 o 


Bacteria per cell at 6S F 


7 ±0 56 
It 90 ±0 38 
II 01 ±0 59 


Bacteria per cell at ^1 F 

and ifL bo® 


5 OL d:0 3 ® 
jj 33 ±0 69 
17 86 ±0 73 
19 17 d:0 8t 


Protetn defictency studies in rats Increasing emphasis is now being place o ^ 
role of body proteins in resistance to infection and on the maintenance 0 acq^^ 
immunity Cannon s excellent discussion of the subject pictures ' 
protein-attached immune bodies as tissue reserves of protein are dep et 
cause (blood loss, protein starvation, and the malnutnuon accompanying 
deficiency, debilitating disease or old age) No mention has been ma 
of the part reduced phagocytosis might play in such loss of resistance 
decided to study this phase of the subject in conjunction with our wor 
deficiency and differences in protein requirement in heat and co pag«. 

Using the phagocytic technic and basal diet described in the ptccc W 
adjusted the protein- and sugar content of the basal diet to wcfc 

36 per cent protein and corresponding reductions m sugar , the hot 

kept at optimal levels, with the needed increases in thiamin an c^^^ 
room Weanling white rats (males) were placed on these „t5 were 

rooms in groups of 4 After five and on^alf wcel^ on t c j ^ 
bled and phagocytic tests run as described Ihc oata up 


table 4 
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Here we sec best phagocjtosis and best growth taking place at 18 per cent 
dictar) protein in the cold-room rats, with slight growth impairment an mar c 
reduction in phagocj tic activit) as protein intake is increased above this eve 
In the hot room, on the other hand, both growth and phagocytic activity con- 
tinue to improve with rising protein intake, even up to the 36 per cent eve 
While the differences in phagocytosis between contiguous groups o rats are n 
mathematically significant, those between the high and low ^oups o cac 
are highly so The difference between groups i and 3 of the cold room (z 98 
±0 37) is eight times Its own probable error and would occur y c ance on / 
m 14,700,000 times Similarly, the difference of 3 56 ±0 39 or ot room 
. Jd 5 o.,n probabk ™ Ju.. why phajocync ,c..v .y aho. id 
dacl,„ w„h .h= hiehar promn .ncatca ,n .ha told Bua. ba )af. for fo>«.a 
explanation 


Table 4 
Protein In diet 


Bactcn« per cell I Ai er wl After 5J rveetl 


At 68 F 


At 30-31 F and 60-70% relative 
hamidity 


3 54 ±0 IL 

3 76 ±0 M 

6 $1 ±0 30 

4 66 ±0 Li 
3 l 8 eto Li 

3 76 ±0 LJ 

4 78 ±0 L 4 

5 6l ±0 LJ 
3 33 ±0 i6 

7 31 ±0 31 


From these observations it seems evident that protein 
as proper vitamin supply m maintaining optima p when o z per cent 

used here as the total protein supply is poor in , nrotem requirement 

cystine IS added to all diets there still is evidence of a higher pr 

in the heat than in the cold Preliminary obscnations 

'Time la^tn -phafpeytte response to cbanfis tn nutntm 5 ptugocy tosis would be m 

had indicated that full vitanun-deficicncy e c desirable, howc'cr, to 

evidence after four weeks on the deficient lets *■ ! cd 

have more definite information on the time re ations , tropical warmth 

Weanling white rats (Spraguc-Dawlcy ma 5^ nthctic diets for 

C90 to 91 F and 60 to 70 per cent relative umi lO cd the 

eight months before being used for the stuuy other 

optimal diet for tropical warmth described J ’ ^he B \itamins 

group received a diet moderately deficient m pr 

, mbconh mlldI^ Bchuent itc'n' 

While this low-vitamin rat diet would appear Further reduction o 

about as low as would be tolerated by 8 month old 
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thiamine from 1 r mg per kilogram down to i o mg per kilogram resulted in 
typical severe deficiency symptoms and death within four to five weeks Rats of 
this age, kept since weanlings in the heat ‘on the optimal hot-room diet, also 
develop fatal thiamine deficiency in about the same time if the dietary thiamine is 
reduced to i o mg per kilogram 

Using the technic desenbed above, we measured the phagocytic activity of the 
blood polymorphonuclear neutrophiles and then placed the rats with deficiencies 


Tabl» 5 — Amounts of B^ntamms and Casftn frr Ktlt of Vttt 



OpUmtl diet 
for iropJcat warmth 

Dtfiaeot diet 

Tbiiminc hydrochloride 

1 5 n>g 

I X tag 

RiboflaNTn 

a 0 mg 

1 5 mg 

Pyndoxinc 

a 0 ttg 

I 5 mg 

Cilaum pintothcnate 

6 0 mg 

1 5 mg 

Nicounic »cid 

15 0 ing 

10 0 mg 

Choline chlondc 

5 0 Gro 

I 0 Gm. 

Inositol 

1 0 Gm 

0 4 Gm. 

P'AjtuoobcDzoic aad 

0 y Gm, 

0 I Gm 

Casein vitamin free 

180 Gul 

110 Gm 


Tadlb 6 — WtikJy Cban^ts tn Thaiocyttc Aatvstj 



Contiol rats on 
full diet 

Time on 

KaU changed fron foil 
to de6ant diet 

Rail dansid Ii«” 4tfia«at 
to foD diet 


miffiber of 
bacteria per celi 

new diet 

Mean surober of 
tncteria per cell 

91 Of 
normal 

Mean nomfctr of 
tacterii per «“ 

%of, 

Donui 


6 IL ±0 36 

6 17 ±0 37 

5 37 ±0 33 

7 57 ±0 37 

trrdfr 

Z 

X 

3 

4 

6 59 ±0 35 

5 04 ±0 X7 

X 51 dro xo 

X 87 io 19 

toS 

8x 

47 

3* 

z 63 rfco 18 

4 10 ±0 3* 
j 51 ±0 xS 

8 31 ±0 

43 

66 

10} 

110 

Wt changes 

First week 

4 weeks 

Initial average wt 

-f gms 

340 gms 


— 10 gnu 

— 68 gnu 

346 gms 

4-j7gnu. 

■f 6 j gnu. 

165 gms 


on the optimal diet while changing some of the normal rats to the 
Estimates of phagocytic activity and weight change were made wee y 
for each group Four rats in each group were bled from the heart an . 
from the study at the end of each week so that the study would not co 
by any possible effect on phagocytosis from repeated blccdin^^ vreieht'vhich 
In table 6 are set forth the changes in phagocytic acuvity an ^ (^t were 
took place from week to week Even though the dietary sh b ^.p^ponding 
promptly reflected in body weight changes within the first wee , n 
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alterations s\crc found in actisit) of the blood phagocytes By the end of the 
second week i moderate change was observed m phagocytic function this became 
more marked during the third week and was complete by the end of the fourth 
week (fig i) After four weeks, the rats that formerly had deficiencies exhibited 
normal phagoc) tic actnitj , while those previously normal were now at the low 
Je\el of full deficient) 

With bacterial counts made in 40 phagocytes from each rat (making 160 cells 
for each mean a aluc recorded in the tabic), differences in one day s readings greater 
than I 5 became statistical!}' significant Naturally the readings of one week can 
be compared with those of another week only by reference to each week s normal 
values obtained on the control rats The bacterial suspension used in the third 
week s test was slightly too dilute, while that of the fourth week was distinctly 



hea 


neavy This necessitated the calculation of comparative changes 
basis, using the normal controls as 100 per cent in every case 
=tio per cent arc of no definite significance here 
One review journal has recently* criticised our use o on y 4 f „ to the 
fats to each group) as the basis for calculating mean ingestion studies 

ftwtom of counting ingestion from xoo to 500 cells in uman ^ ^ups 

^o test the stability of our ingestion values, we selected nvo r^ 
w our previousiport. Groups t and 3 of the riboflavin ^-i^ *n ^e edd ro^m 
0 addition to the mean values calculated on counK om ^ 

AO per rat), we recalculated the data on the basis of this 

‘0.5. and 1 phagocytes seen on each slide In table 7 arc set ces in mean 

-calculation. aL^t is clearly indicated that the ’1 ,he 

^ogcstion counts maintain their statistical significance w accepted as 

«« to cells per rat are included in the calculation It may thus safeli 1 
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true that counts made on 40 phagocjtes per ammal, with four ammals to each 
group, allow an ample margin of stability In human case studies, loo-cell counts 
would protide sufficient stabilit} if the technical details of the method were 
carcfull) standardized 


Tablr 7 


\o ctWi 
ccmntwl 

C roup 1 

Croup 3 

Group diff 
in meant 

Sixe of diff 
in means 
needed for 
sieblEcance 
(P£.X4) 

Per 

rat 

Per 

croup 

Mean number 
baclena ln»«te<J 
per cell 

Standard 
dm UtioD 
of mean 

Mean number 
bacteru locested 
per cell 

Standard 
deviation 
o( mean 

40 

i6o 

5 76 ±0 17 

5 11 ±0 ig 

9 37 dbo i8 

5 i8 ±0 lo 

3 61 ±0 39 

’ 5^ 

xo 

80 

5 13 ±0 38 

5 03 ±0 17 

8 88 ±0 37 

4 97 ±0 i6 

3 6s ±0 53 

1 IX 

10 

40 

4 55 ±° S’- 

4 S’- ±0 57 

8 10 ±0 51 

4 77 dbo 36 

3 55 ±0 7 } 

1 91 

5 

xo 

6 xo ±0 86 

5 71 ±0 61 

7 90 ±0 85 

5 6j ±0 60 

J 70 ±1 XI 

4 84 

X 

8 

6 15 ±i 46 

6 11 ±1 03 

6 75 ±’ >4 

4 79 ±0 8t 

0 50 ±I 85 

7 40 


Discussion 

From the results here presented, it would seem that the ability of bone marrow 
to produce active phagocytes is dependent on the same nutritional rcquir^en 
needed for optimal body growth Dcficienc) of any one of the B vitamins 
inositol or p-aminobenzoic acid) or of protein sufficient to retard bo y gro 
interferes with the marrow production of normally active phagocytes 
This effect of nutritional deficiency seems to be exerted only upon p 
during their early immature period in the marrow tissue, for nutnuona ^ 
non— which at once restores normal growth— fails to bring bac 
cytic activity to circulating granulocytes except after a lag o , j 

three weeks It therefore seems justifiable to conclude that gran ocyte ^ 
the circulating blood arc not influenced by changes m numtiona sum, 
arc susceptible only during their early formative period This me . 

phagocytosis cannot be expected until two to three weeks a ter 

have been corrected , ^ „ ,i^riencv sutes, the 

Fewer, as well as less active, phagocytes arc per 

total leukocyte counts in rats dropping from a normal Ic 
cubic millimeter down to about 4,000, without any mar 

fcrcntial count a to s ^ 

Preliminary observations have shown phagocytosis to n 4 J 

in some human subjects during the summer ^ ^ ^^^tive way to the 

season Whether this winter decline in activity is meresnos 

greater susceptibility to colds and other respiratory infections, 

grounds for speculation 

Conclusions 

Deficiency of any of the B-vitamm (except inositol or 

vitamin C, or of protein, leads to a reduction m ph gocy 
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granuloc) tcs in experimental animals This cficct of a faulty diet, or of a restoration 
to normal after a period of malnutrition, alters the phagocytic activity of cir- 
culating granuloc) tcs onl) after a lag of nvo to three weeks, thus leading to the 
conclusion that these cells arc susceptible to nutritional faults only during their 
carl) formarnc period in the marrow tissue 
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orAOTTLEul™A°^Mn“n™“'^ antagonist 

ON ACUTE LEUKEMIA AND OTHER FORMS OF INCURABLE CANCER 
Bj SiDNEr Farber, M D 

temporary remissions m the course of acute leukemia in 
rtn nr, . adnj*n>stration of the compound, 4-aminoptcroylgIutamic aad 

(aminopterin) a biologic antagonist to folic acid*— has raised a numberof theo- 

retic and practical questions Confirmation of this finding has been reported from 
several sources , tem^rar) remissions equally impressive have been obuined in 
adults with acute leukemia by Dameshek < 

It is the purpose of this paper to summarize briefly the status of our observationsf 
on t e action o o ic acid antagonists on acute leukemia and other incurable forms 

0 cancer or t c interest of those now working with these agents, to state the 

someo the problems which have arisen, and to indicate some directions 
of further research 

The demonstration bj Lewisohn and his colleagues* of the occurrence of cotn- 
^ regression in about onc-third of single spontaneous breast cancers in three 

1 erent strains of mice treated with fermentation L casei factor, later shown to 
pteroyltriglutamic acid (Hutchings et al •) and the subsequent synthesis of this 

compound by SubbaRow and his co-workers^ led to our study of the effect of 
pteroyltriglutamic acid on incurable cancer in man Among the patients so treated 
were II children with acute leukemia The occurrence of what we called an accel 
cration phenomenon m the viscera and bone marrow of these paaents and an 
cxpcnence with folic acid deficiency experimentally produced m the rat suggested 
that it would be worth while to ascertain if this acceleration phenomenon might 
be employed to advantage in the treatment of acute leukemia in children, either b) 
the use of radiation or nitrogen mustard therapy after pretreatment with folic aad 
or conjugates of folic acid, or by the immediate use of folic acid inhibitors or 

From The Children s Medical Center Bonon, M«st »nd The Department of Pathology Hairard 
Medical School 

Presented in part at the Congress of the IntcrDitionai Society of Hematology Buffalo Hew Tort. 
August xj 1948 

This Jtudy has been supported in part by Cancer Grant #150-330 of the National Cancer InmraK. 

United Sutes Public Health Service and in part by The Children s Cancer Reacarch Fouodanoo Boi^ 

This paper la dedicated to Dr George R Minot It waa my privilege when a atudent to iearb> 
tores on diaeasea of the blood In these he united m masterful fashion the fields of pathology 
and clinical medicine to establiah a logical approach to the nature of disease and 50 to therapy His 
nouncemeot, when I was a fourth year student, of the liver treatment of perniaoos anemia fired the 1 P 
nation of all who heard him to a consideration of the role of nutation in other incurable di 
unLoown etiology S f 

• By iQUgomst to fohe aad is meant a substance which possesses the property of 
growth of SfrffrfxoccMj fMeca/tj R or L cMstt m the presence of marginal levels of fohe aa 
mhibmon occurs when the concentration of folic aad in the culture medium is clcvircd 

t Our studies represent the accomplishment of a group of cliniaans and laboratoiy vnx ct 

joined forces to make possible rapid progress along the hoc* indicated in this paper 
clinical cipcnmcDcal, toxicologic and pathologic studies arc being prepared for pnbliciiiofl- 
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annt;onists * The first folic acid antagonists— ptcrojlaspamc acid and methyl 
ptcroic acid— ere cffcctuc enough not only to gi\e the needed encouragement for 
further research in this direction, but also to prolong the lives of a few children 
with acute leulvcmia until more powerful antagonists of folic acid were made avail 
able The first impressive remissions in the course of acute leukemia were produced 
bi the use of aminoptcrin beginning in November of 1547 These were charactenzed 
b\ a return almost to a normal state in some and to a state almost indistinguishable 
from normal in others in a group of 10 of 16 children with acute leukemia The 
tOMCit) of aminoptcrin emphasized the need for less toxic compounds which it was 
hoped might be even more cffcccivc in their carcinolytic action ’ * 


Cotnpotiiids Related to Amiiioptenii 

Observations have been made on children with acute leukemia and on patients 
with a a arietj of other forms of incurable cancer treated by two compounds closely 
related to aminoptcrin Both of these were supplied by the late Dr Y SubbaRow 
These arc 4-aminoptcroy Iglutamic acid (amethoptcrin) and 4-aminoaspartic acid 
(amino-an-fol) '' A complete account of these studies will be presented elsewhere 
In general it may be stated that while amethoptcrin and amino an fol arc less toxic 
than aminoptcrin, exactly the same toxic changes may be produced when appro 
priatc doses arc employed This holds true for laboratory animals and for man Re 
missions in ne course of acute leukemia in children equal to those produced hp 
aminoptcrin may be brought about by the use of amethoptcrin or amino anro 
The effective dose when remissions arc obtained in children with acute leukeima 
lies between } to 5 mg a day for amethoptcrin, and between 13-yomg a day or 
ammo an-fol, depending upon age, weight, size, and physical condition 0 c 

patient These figures may be compared with a range of o 5 mg to to rag a ay 

aminoptcrin Because there is some differential in the dose required to pro ^ tox ^ 
changes, as compared to the effective dose, it has been possible to shift m ° 
drug to another when early signs of toxicity have become apparent 


Pattern of Therapy ^ ^ 

It is impossible to present at this time a pattern of therapy as dcfini^m^^ 
governing the use of digitalis, for example, or insulin Daily w itc 
phy sical examination arc the best guides to the treatment to be given 
Too rapid a drop in the white count, diarrhea of unknown origin, e j^outh, 
stomatitis, a sore tongue, or ulceration of the mucous membranes o 


* Acknowledgement is made to the late Dr Y SubbaRow and his colleaguct 10^^ Chjnical 

of the Ledcrle Laboratories CAmcrican Cyanamid Company) and thar on childrai f 

Division, who arc responsible for the chemical research that made pi^i « contnbaiioas of De 
particular word of gratitude 1$ expressed not only for the ' -Ij search the lads 

SubbaRow but also for his dcasion to pursue so effectively by of study conrermng 

were obtained from these studies on children with acute leukeima c (x m the 

the action of folic acid antagomsts is following along the lines dra « ^ pjocoo mi 

of 1547 It consists essentially of the study of the action on liboM ^ cffrcn 

various forms of incurable cancer of related compounds in an attempt 
and less toxic than any we have previously employed 
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should scnc as reasons for cessation of therap) until the exact cause for these dis- 
turbances has been determined In periods of remissions treatment continues as 
before, although slighti) smaller doses may be administered In some instances 
when patients arc doing uel), intramuscular injection of the compound employed 
has been gn cn on c\ erj other daj Aminoptcrin apparently is effective also when 
gi'cn b) mouth 


Texiarj 

Our initial report carried a warning concerning the toxic nature of aminoptcnn 
Stomatitis, ulceration of the mucous membrane of the mouth, smooch tongue, 
phaiy ngitis, and atrophic changes in the intestinal epithelium of the type produced 
b} folic acid dcficicnct in the rat and in the monkey, diarrhea, gastro-intcstinal 
hemorrhage, particularlj when there is diffuse leukemic infiltration of the bowel, 
and depletion of the bone marrow leading to aplasia arc the most important 
changes Despite efforts to prevent or to overcome quickly the toxic manifestations 
h) the use of liver extract, various vitamin B preparations and folic acid itself in 
doses up to 100 mg a day for scteral days, the most effective treatment appears to 
he suspension of administration of aminoptcnn for four to seven days at the first 
sign of stomatitis or diarrhea of unexplained origin 
The occurrence of h) perscgmentcd polymorphonuclear leukocytes and the pres- 
ence in the bone marrow of megaloblasts have been observed as important evidences 
of the effect of the antagonist It is impossible to state at this time with ccrtaint) 
whether all of the changes produced in acute leukemia by antagonists to folic acids 
arc manifestations simply of a folic acid deficiency It does appear that the altera- 
tions are at the same time more profound and more subtle than those produced by 
folic acid deficiency alone and that interference with biochemical systems more 
‘mportant than simple competitive substitution of the antagonist for folic acid 
within cells must obtain Evidence beanng on this point is being collected 


Hemorrhage 

Hemorrhage into the gastro-mtcstmal tract, the skin, and the genito urinary 
tract and the cranial vault either massive or oozing in character, has alwa )5 been 
Of' of the most serious complications of acute leukemia and one of the important 
arises of death Studies now being conducted by our group following the work o 
and Jacobsen® show that in many children with acute leukemia rhe Ic e 
epann-hke substances in the blood is dcfinitcl) higher than t e 
ceding occurs usually when the level of blood platelets is low , t rom 1 „ 

be present without any evidence of bleeding for ° ^t 

survival of patients with acute leukemia made possible > o ic aci . 

*trapy has brought the problem of hemorrhage into great . ^1 

"^'on of Icukemm infiltration of the intestinal tract and toxic effects produced 
““’■nopterin, amethoptenn, and amino-an-fol makes for the reads ocem^c^^^ 
fi^stro-intestinal hemorrhage Although the exact ^ ^^^k- 

oertain that hemorrhage occurs more readih if t e one 
depressed by the compound employed The effect mas be similar to that p 
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duccd in aplasuc anemia where gastro-intcsanal hemorrhage is a common and 
serious occurrence If toxic levels of the folic acid antagonist arc employed long 
enough, the bone marrow may be depressed enough to accentuate the hemorrhagic 
tendency in leukemia, or to act as the sole cause of the hemorrhage 

Nature of Leukemia 

Observations on a gir) (M D ), 8^^ years old at the time of her death, and similar 
experiences with other children have raised a question concenung present concep- 
tions of leukemia This child lived for twenty-two months after the onset of acute 
leukemia Treatment with ptcroylaspartic and mcthylptcroic aad was followed b) 
repeated temporary penods of improvement She died following uncontrollable 
oozing from the mucous membranes Postmortem examination revealed leuLemtc 
cells so few in number, in scattered areas throughout the body that the diagnosis 
of acute leukemia would have been made with hesitation on the basis of that en 
dence alone It seems probable that hemorrhage in acute leukemia may be produced 
by a number of different factors apart from the effect of leukemic infiltrates on the 
bone marrow and viscera and the thrombocytopenia The hypothesis seems war 
ranted, that a senous disturbance in the hematopoietic system, or a senes of defi 
cicncies in the body responsible for oozing or for massive hemorrhage might stiU 
be present in the patient with acute leukemia if every leukemic cell m the body 
could be destroyed Acute leukemia, therefore, may be a form of cancer complicated 
by specific deficiency states — a suggestion that has definite implications for further 
research 

Txp‘s of Leukemia 

In the ma)onty of the children with acute leukemia treated it was impossible to 
diagnose with certainty the exact morphologic type of leukemia because 0 t 
primitive nature of the blasts It would seem logical, and certainly highly 
to tcplace or to supplement the morphologic classification of leukemia by one a 
upon respxmse to specific stimuh, such as the fohe acid antagomsts Study ° ^ 
patients with acute leukemia who failed to respond to these compounds mig tyie^ 
data of value concerning the nature of the disease A worthy goal is the c 
izauon of the various types of acute leukemia in terms of precise intrace u 
chemical deficienaes or alterations 


Results 

In a group of approximately 60 children with acute leukemia 
weeks or longer with either ammoptenn, amethoptenn, or armno-an ’ j, 
what more than 50 per cent showed improvement clinically , hemato o ^ 
important degree attribuuble to the action of these componn s ^„tcl) 

tions of our entire experience with thorough documentation wi ^port 

Two of the five children where ease histones were presente mo ^ j,j5tory 
arc still alive (December zi, 1948) Case i of that report, a 0/ ° 
of acute leukemia beginning in February 1947 He was Q^ccmbri’ 

ptcroic acid and ptcroylaspartic acid Ammoptenn was not g 
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16, Since then that, or one of the other more powerful folic acid antagonists 
have been emplo) ed Leukemia is still present and there have been many complica- 
tions, but he IS still alne tsvent) -three months after the onset of his disease A 
second child mentioned in the earlier report. Case 5, has had acute leukemia since 
August, 1547 He IS one of twins and despite his leukemia and almost constant folic 
acid therap} , he is as tall and as well nourished as his brother His leukemia, which 
IS still recognizable b} studies of bone marrow and peripheral blood, is still under 
control sixteen months after onset 

The widespread use today of aminopterin in the treatment of acute leukemia has 
raised for discussion a basis of comparison of results Any evaluation of treatment 
of patients with incurable cancer must rest upon a solid foundation of knowledge 
concerning the life history and biologic behavior of tumors Acute leukemia, which 
nins an invariably fatal course, varying from a few weeks usually to six months 
after onset of symptoms, lends itself readily to comparative studies Rarely the 
course may last as long as twelve months, and isolated instances of longer survivals 
have been observed The end point of time itself, therefore, should serve as a reli- 
able critenon of the value of any form of therapy 
Spontaneous remissions, either complete or partial, occurred in 10 per cent o 300 
children with acute leukemia observed by Dr Louis K Diamond, at the oston 
Children s Hospital These averaged slightly less than ten weeks in duration In 
two instances a second remission was observed In almost 75 per cent of these 
children m whom spontaneous remission was noted, there was a history o in cc 
tion of important degree immediately preceding the remission The r^ent pro uc 
tion of remission in acute leukemia by the use of massive blood mnsh^ioa makes 
necessary the evaluation of this factor too, in patients treated with folic aciQ 
antagonists Analysis of our experience permits the statement that e 
we have desenbed are dependent neither upon infection nor transfusions of bJoo 
It IS obvious that no two children with acute leukemia present «nct y compa 
«ble problems Infiltration of the leukemic processes is generalized but ^ ^ ^ 

S^cat vanauons in the degree and site of involvement In one, a arg 
accumulation of tumor may alter intracranial pressures to an 'm^c^n ^cg^. 
f other, the leukemic infiltration in the heart may be f liv leu- 
cath Other variables arc the amount of replacement o t c one j^rondan 
cmic cells, the factors responsible for bleeding, and the ^ c 

•elections It should not be surpnsing, therefore. f GuesrCincin- 

consecutivc remissions (personal communication from r o ^ 

o^ti Children s Hospital), or that another group observes a 
two Weeks after onset of therapy in ten consecutive patients c 
-observed The arbitrary limit of three weeks scs erel) 

c osen for a basis of comparison Dunng this period t o P , .j g an 
“tvolved will have died or the folic acid antagonists j’o,, 

opportunity to effect the tumor infiltrations in the utilircd 

It should be emphasized that all available resources o m i.„i,rr,i-t Transfu- 

>n an 


snould be emphasized that all available rcsourc re leukemia Transfu- 

-1 attempt to prolong the lives of our patients wit has e all been 

“ons, radiation therapy, antibiotics and specialized dictar) 
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employed when indicated It has been possible, however, to study a sufficient 
number of patients for long enough periods of time with folic acid therapy alone to 
permit the accumulation of sufficient data upon which reliable conclusions could 
hebased It should bccxpccced, therefore, chat considerable vanauon in tberesulcs 
of different investigators will be reported until a sufficiently large expenence has 
been obtained, or until a long enough penod has elapsed to permit the use of the 
penod of survival alone as the simplest criterion of therapeutic effect 

The effect of these folic acid antagonists, despite some thcorcDc considerations 
which entered into the formulation of early working hypotheses, is not hmited to 
acute leukemia We have reported” temporary, definite but inconstant carcinol) uc 
action on patients with apparently unrelated forms of incurable cancer, such as 
neuroblastoma, and pulmonary metastases from cancer of the bladder, as well as 
more closely related tumors such as lymphosarcoma and Hodgkin s disease 

The range of carcinol) tic action on various types of incurable cancer in man is 
now being evaluated The combined action of the folic acid antagonists when em 
ployed with other agents used in the treatment of cancer, such as the sex hormones 
and radiation therapy is under study 

The toxic nature of the compounds employed in these studies and the inconstant 
and temporary nature of beneficial effects make clear that the value of these com 
pounds IS still limited to research The finding of equally or more effective and less 
toxic compounds, and an understanding of the reasons for failure in those panents 
who do not respond are goals which must be reached before more widespread apph 
cation of the results of these studies is possible 


Summary 

A general discussion is presented of the present status of folic acid antagonist 
therapy in acute leukemia in children and in other forms of incurable cancer on 
elusions reached m our initial report have been supported b) a far greater ex^ri 
ence Temporary remissions in acute leukemia as marked as those caus 
aminoptcrin have been produced by the use of two compounds 

chemicall) to aminoptenn — amethopterin and amino-an-fol, both of w ic 
ever, are also toxic compounds Despite the increasing number of paticnKin ^ 

temporary remissions have been produced, with survival in some far 
usual course of the disease, no evidence has been presented which wou 
use of the word cure of acute leukemia A carcinolytic action on re ate 

certain unrelated forms of incurable cancer has been observed Fun 

less toxic related compounds with even greater effectiveness is not on ) * 
these studies but is imperative The value of this direction of researc m 

been established remed 'Mtb 'be 

Two of the most pressing problems demanding solution [^j^iorrhacc. 

nature, the prevenuon, and the treatment of toxic changes, me u in ^ n,c,,hanisra 
produced b) these folic acid antagonists and the causes, the treat 

ofhemorrhage in acute leukemia The use of the folic aci j^oPresear^b 

ment of incurable cancer including leukemia must remain in t 
until answers to these questions are found 



SIDNEY FARCER 


167 


REFHRENCES 


* Faum S Tcmporan remissions in acure leukemia id children produced by folic aad and antago- 

nists Proc Di\ Laboratories and Research Children s Medical Center Boston Mass / 1-51 ^ 94 ^ 

• ,DiamovdL.K Meacra.R D.Sms ester, R F Jr ANoWoLn-.JA Temporary remissions 

in acute leulcmia in children produced b> folic acid antagonist, 4 amrnopteroyl glutamic aci 
(aminoptcrin) Ness England J Med -j/ 787-9J 1948 u n- i m 

' Discussion to paper bj Farrcr Sidnet at First International Hematological Congress, 0, ew 

Vork Augustas 1548 b> Drs William DamesheJ. Robert Hemic, Byron Hall, Werner Jacobson 

and George Guest to 

‘Dameskee WiLUAM CEditoriaO'The use of folic acid antagonists in acute leukemia Bloody 1057, 


^ 94 ^ tj 

‘(aJlAuCHTE-VDEROER C, Lessisoiiv R Laszeo D , ArTO Leochtenehroer R Ptoc Soc. Eapcr 

Biol &Mcd // loi J944 p £. Ae 

(b) LeuOITENIJEKOER R , LEUarrENDEROER C I-AS2U) D » AND R acncc /P/ 4 

(c) LeWISOIIN, R , LeOCUTENBEROER, C , LEUCirrENIlBROER R ANC Kebesetesy j ence 104 

1946 

'Hutchings, B L., Stocstao, E L. R Boiionos N andSloanb N H Science gj 371 >944 
’Akoier, R B et al Science rej 667 1948 , r chem 

'(») HuTcmNos, B L etal Pteroylaspartic acid antagonist for prcroylglutamic a J 

0 >) Seeqer^ D ^^Smith, J M Jr and Hultqoist M E Anugonist for pteroylglutamic aa 

] Am Chem Soc 1367 1347 c ™ n R Chemistry of certam 

(0 SitiTH J M Jr Cosuucn D B HoetQoist M E Aim Seeoct, U ^ 8a, 1948 

, pteroylglutamic aad antagonists Tr Ness York Acad Sc 

J G , AND Jacobson, L O Hyperhcpannemia Cause of the P ^ 

'''ith total body exposure to looizing TAdution Science / p/ ^2.7 

Diamond Lows K Personal communication „ v, City In 

“ Fauee Sidney Annual Meeting, American Cancer Soaety, November 7 r 948 , Nesv lor 
press 



THE USE OF FOLIC ACID ANTAGONISTS IN THE TREATMENT 

OF ACUTE AND SUBACUTE LEUKEMIA 

1 

A PREm.nNAB.Y Statement 


By William Dameshek, M D 


A RECENT meeting of the New York Society of Hematology held on November 
30, 1948, was devoted to a symposium on the treatment of leukemia with 
aminoptenn It was obvious that definite remissions induced by the drug and not 
of spontaneous nature were being obtained, although the results of therapy m the 
hands of various workers differed considerably 

In this issue Farber presents a summary of his results with various folic aod an 
tagonists Since Farber s observations deal almost wholly with children and our 
own work has been almost wholly with adults, it was thought that a prelimmar) 
statement of our own results with these drugs as reported at the above meenng 
might be of interest ' 

Thirty five cases of acute and subacute leukemia including 4 children and 
one adults, arc or have been under treatment with one or more of the folic aa 
antagonists since mid-April 1948 * 

The fohe acid antagonists used were 4 amino, pteroyl glutamic acid faniiiio- 
ptenn), 4 ammo, N'” methyl pteroyl glutamic acid (a-methopterm), 4 ^ 

pteroyl aspartic acid— (amino-an-fol), and 4 ammo, 9 methyl pteroyl glutami 


acid — (a-nmopterm) . . 

These chemicals, dissolved m sterile normal saline, were injected intramus 
daily until a toxic or pronounced hematologic reacDon occurred, following w^^ 
the drug was discontinued The drug was then resumed in a maintenan 
when the toxic reaction had subsided Ammoptenn was given in a o»^^ 
mg dady, a-methopterm, l-j mg daily, ammo-an-fol 15-75 mg 
pterm 5-15 mg daily Maintenance therapy was given either daily or e ^ 
day and either by intramuscular or oral route Tablets of oral aminop 
ordinarily used m i mg dosage for 

Of the 35 cases of acute and subacute leukemia, i has been one to 

less than four weeks, leaving 34 cases for analysis Of these, 8 ,nstitu 

five days after therapy was instituted Since death occurred statisn^^ 

aon of drug therapy, these cases should probably be ,aitc ad 

analysis of the therapeutic effects of the drug If this is done, 

From thcTliskind Labor»ioncs CHcmitoIo^Secuon) of the J ftom rir 

Department of Medianc Tnftj College Medical School Aided by A dctidtd 

Soacty (Massachnsettj Division), the Charlton Fond and the Ledcrle ^ 

our findmgs 11 m preparation _ H'llhfi' DirKJ-*' b 

* The detailed data obtained in these cases will be present 7 
Freedman and Lester Steinberg at a later date. 
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subacute leukemia arc left for ctaluatjon Of these cases, g have had continued or 
lutcrmittent remissions for at least mo months and up to eight and one-half months 
(as of Januarj lo, 1949) A remission is deemed present when the patient, (a) feels 
subjeaiselj improscd, (b)sho\sssuch ob/ccrivc clinical improvement as regression 
of Ijinphadcnopath) and hcpatosplcnomegaly and Joss of hemorrhagic tendency, 
(c) shows hematologic improsement as evidenced by improvement in the red cell 
count, return of leukocj tc counts to rclativclj normal values, a definite increase in 
blood platelets, and an improvement in the marrow picture, and (d) shows con- 
tinuous improvement for at least nvo months 
The remission rates arc, therefore Gross results 34 eases (8 dying in one to five 
9 remissions = z6 per cent Adjusted results z 6 cases (excluding those dying 
tn one to five dajs), 9 remissions = 34 per cent 
fu the carl} stages of the stud} , crude liver extract tvas used in the attempt to 
^la} the toxic s} mptoms but this was soon discarded Folic acid was also used m 
one case, but since it caused a quick relapse in the leukemic process, it was discarded 
*ftera single trial Penicillin was given routincl} in the presence of marked granulo- 
cytopenia and/or fever Transfusions of blood were used to maintain the red cell 
count at levels of approximate!} z 5 to 3 o M 
"fbe remissions occurnng in the z6 eases cited above were further analyzed with 
respect to the proliferating cell type involved This is often very dilBcult because 
°^rhc prinutivcness of the prolifcrauvc process In the more recently studied eases, 

^ battery of studies were earned out to determine this prcviousl} rather academe 
question This included not only the use of the ordinary Romanowsky stains, but 
o«dase stains, supravital studies, histochcmical staining methods including the 
*rsc of Sudan black and phase microscopy , 

Best results with the folic acid antagonists were obtained in the lymphoblastic 
^*scs None of the monocytic cases responded 

Fj^uarti 

LymphoblasDc ^ 

MjrJoblzstic ^ ^ 

Monocyxic ^ 

UncJa 5 sificd ^ ^ 


greater specificity of the folic acid antagomsts for Ijmphoblastic 
» in line with a more or less marked specificity of certain of the chemo 
grf ts now in use for certain cell types Thus, nitrogen mustard -PF- 

rn reticulum cell proliferations including Hodgkin s ^rsease, re iculurn c 
and reticulosis, urethane in granuloc}tic proliferation of the chronic 
yelc^tic type and in plasmacytoma (multiple m} eloma) jrug 

J""™..! .he d„.lop„co. id ,h=. ,.b>.d»« of ,bc ™ 2 

0 owing the appearance of a rcasaoably nonnal wbftc o i,neeiic months, 

r eircumstanccs, a maintenance dose of the drug was given In 
o4Vr' ® " Ttht^pirwTrirmedication, 

minoptcnn has proved to be cquall} is effective a given pircn 

Sl}^ =« marked therapeutic and toxic effects, mg for mg , as uhen g. pa 
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Toxic reactions were the rule with aminopterin administration These depended 
m great part on the dose used and were in the nature of ulcerative mucous mem 
brane and tongue lesions, nausea, burning sensation in the upper abdomen and 
diarrhea, a form of vascular purpura and an apparent aggravation of the bleeding 
tendency * The marked reduction in leukocyte count and to lesser extent of the 
other blood elements might be considered as due to a preferenual effea of the 
chemical on the bone marrow Other folic acid antagonists, such as a-methoptenn 
and amino-an-fol were less toxic than aminopterin but in general of lesser then 
pcutic value 

The impression was obtained that in order to obtain a remission it was necessary 
to bring about definite so-called toxic manifestations The margin of safety between 
a toxic reaction and death was at times very small 

It IS the natural objective of the chemist to produce materials with relativel) 
slight degrees of toxicity while maintaining at least a standard therapeutic effect 
Recent observations indicate that such a possibihty may be present in one of the 
methylatexl aminopterins (9 methyl, 4 amino PGA or a-mnoptenn) In at least one 
case given this material, therapeutic effects comparable with those of anunoptenfl 
were obtained with only minimal toxic effects 


Summary 

In summary, the folic acid anugonists have, m varying degrees, the capacity to 
induce remissions in about one third of the cases of acute and subacute leukemia, m 
adults as well as in children, and in both leukemic and leukopenic forms 
Clinical, hematologic and (to lesser extent) marrow remissions, are obtain 
most commonly in the lymphoblastic types, least often in the monocytic ^ , 

It IS possible that fohe acid is required by the pnmiuve white cell as a 
factor The folic acid antagomsts, which resemble folic acid so strikingly m c 
cal structure, may result in cell death by modifying various enzyme systems w 

the pnmitive cells nrocrts 

Both clinical and hematologic observations indicate that the proli 
is by no means cured with aminopterin treatment Acute leukemia may 
to wildfire which, although damped by aminopterin, conunues to s^m^ ^ 
This smoldenng may suddenly light up again into an acuve leukemic pc 
less continued maintenance therapy is given Despite maintenance t 
finally comes a point in the leukemic process at which both raticnt di“ 

creasing toxicity to drug make further progress impossible, an t 
Other growth factors or enzymes arc probably of at least as gr»t 
as PGA in the metabohsm of the primitive white cells an w leukemia 

covered and their antagonists synthesized, the thcrapcuuc further that 

may be of more consistent and durable nature It should oroliferations i" 

chcmothcrapeuuc methods against leukemia and the leu tj,cir vt; 

ecncral (and, in fact, against all prolifcrauvc disease) arc a . oni" 


*■ A toxic reaction may represent simply one or > 
irt of cells in s anous parts of the body to the folic acid antago^ 
) the chemical and leuhcmic tissue may be preferenually aff 
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infanc) The results thus fir obtitncd in acute leukemia, although to large extent 
disappointing, indicate that well defined remissions can be secured in abouta third 
of the eases For a disease such as acute leukemia, in which remissions previously 
Were highl} unusual and of sporadic nature, this indicates a well-defined thera- 
peutic ad\ancc and a need for continued inacstigation along the same general lines 
Differences in results obtained b\ various groups of workers arc difficult to ex- 
plain Scaeral points ma) neterthelcss be considered some of the workers have 
given jnadequate dosage of drug or have failed to use maintenance therapy, some 
have given folic acid in conjunction with anti-folic acid therapy, in some eases, a 
crude folic acid antagonist was used, and it is possible that some cases were not 
observed as minutel) as seems necessary An important factor, which can be de- 
termined onlj by the stud} of a large group of cases, is the natural variabihty of 
acute leukemia from case to case We have the impression that our best results are 
obtained in the relatively subacute cases The fulminating cases, with rapid onset 
of bleeding and a quick downhill course, arc only slightly affected 



THE DISTRIBUTION CURVE OF ERYTHROCYTE FRAGILITY 


A Diffbubnt Method op Presentation of Fraghitt op Ertthrocttis to 
Hypotonic Saline, with Preliminary Remarks on the 
Function op Reticulocytes 

Bjr J H Bolton M D 

Introduction 

F )LIjOWING Hadcn s’” demonstration of the dose cotrelauon between sphero- 
cytosis and the fragility of erythrocytes to hypotomc saline, DamesheL and 
Miller' postnlated that spherocytosis was a preliminary sage in the destrucuon 
of the red cell, i c , partial hemolysis They were able to show eiperimenuJly 
that the degree of spherocytosis was related to the concentration of hemolys^ 
m the blood and that this was also correlated with fragility They also desenbed 
cases of acquired hemolytic anemias with spherocytosis and mcicascd tragi 
thus emphasising the danger of usmg spherocytosis and increased fragility as 
criteria for the diagnosis of familial acholunc jaundice In addition, they demoi^ 
strated the presence of hemolysins in a number of cases of hemolytic anemia 
The chain of reasomng is that hemolysins may lead to partial damage to e 
cell, this IS followed by entry of fluid and loss of the biconcave disc form 
approximation to a sphencal shape Flmd can enter a cell to a certain , 
degree, but if this is exceeded, the cell will rupture Hence, if a cc is * 
partially spherical, it wiU rupture with a smaller entry of fluid than it p« 
the biconcave disc form As the cell acts as an osmometer, the 
entering the cell will depend on the concentration of electrolytes on 
of the membrane, and this forms the basis of the fragility test wit yf" 
saline 


Method 

As usually presented, the fragility curve is sigmoid in '^*P^ the curve 

form IS difficult to assess But this sigmoid shape is due to percentage 

IS a composite one and at each decreasing concentration oi sa hjs oc 

hemolysis at any particular pomt is the sum of all the bemo at 

curred at higher concentrations of sahne, plus the acnm em js jn 

that point The curve is, m fact, a cumulative curve known 

ugtPt , , „,:,naov case to indicate ivhit 

This being so, we can readily convert our finumgs in / 
degree of hemolysis occurs at any particular salmc occurring 

All that is necessary is to deduct from the h.chff concentratio'’- 

any particular level, that which occurred at the immcdiaK y ^ 

and this will give the percentage hemolysis occurring i 
ccntration between these two points 

From the Royal Melbourne Hospital Melbourne, VIctora Austnlu- 



J n BOLTOV 


173 


The normal range of fragilit) as given b) Creed’ is shown in table i with its 
contersion to the derned curv'e This is shown graphically in figure i 


TADLn 1 


Percentage of saline 

Total maximal percentage of cells hemo 
lyred 

Total minimal percentage of cells hemo 
l)zcd 

1 

0 iS 

100 

98 

0 31 

98 

50 

0 36 1 

90 

45 

0 40 

46 

10 

0 44 

10 

0 

Average saline concentration *>0 

Msnmal percentage of cells hcmohied 
Minimal percentage of cells hcmolyzcd 

0 16 

0 

1 

0 )o 

1 

8 

0 34 

8 

45 

0 38 

44 

35 

0 41 

36 

10 

0 46 

10 

0 



Wottcdl* rcprescntition of nomial range of fragility as sigmoid curves and th 

J of the distnbuuon of red cell fragility 


^ ^ grouping IS rather coarse but it will be seen that the two criv 

similar in form to that found in a Price-Jones curve ^ j},,s 

deriv "j^*^**^ directly related to spherocytosis and spbcrocy to of 

thei "a could be considered to be that of the distribution ° ^ Pricc-Jones 

Curve spherocytosis, 1 e , a curve directly comparable 

diameter Unfortunately, as pointed out by Ponder, 
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not act as a perfect osmometer, its degree of perfection in this respect being ted need 
by decrease in the tonicity of its environment This is the probable explanation 
of the skewness of the curves shown for the normal distribution of hemolysis 



Fro L, Fragility dmnbanon la a caK of familial acholonc jaanilia: before and after sjJcsccBmf 
compared with the normal (dotted) 



Application to Cues of Anemia 

Derived curves vrerc calculated for various types of anemia I^fotc 

Figure X shows the findings in a case of familial acholuric jaun i 
after splenectomy It will be noted that after splcnectom) a of 

obtained, abnormal in that its single mode occurs at a higher jmoo'f' 

saline than normal Before splenectomy the curve is not comp j,,jnoJjl 

but shows a second mode at a saline concentration of o 65 sutirf” 

curve IS seen again in a case desenbed by \Vhitby and Hynes t g 



J H DOLTON 


su.ccpt,b,hlj 'to hj popalanons of dtffcnng 

find, ‘i m^hVL^cxtac7!' m 'V f (fig 4 ) whc« wc 

«condao mode at a^onccntrarm’"™f ^ mirked 

Further examiner o f u ° decidedly bunodal 
examination of this curve shows that the abnormal pj involves 


fto 



^ Fragility distnbution 


% SaJine 

in a case of congestive hypcrsplcnism demonstratiag matted bimodaliiy 


- Tabi^ a 

^ CMte 

Hetnoljfb due to »ecoDdary 
node 

I Reticniocyte 

^ & p 

% 

% 

D t 

8 

5 4 

D 1 

7 

16 0 

R.a 

5 

9 6 

M., 

2 X> 

26 0 

D t 

® 1 

1-3 4 

B 1 j 

30 

' II 0 

B U 

50 

30 0 

C. 1 

10 

6 0 

C, 1. 

10 

9 ^ 

R-1 

0 

0 0 

N 

1 

0 0 

0 0 


Some 

time 


30 per cent of 


the cells and this corresponds to the reticulocyte level at that 


^^'fiht of th °° biphasic curves shows a similar correlation between the 

closer If ' secondary mode and the reticulocyte level The correlation is even 
P^^tane o7 secondary mode, we calculate the 

fine RiveT , * involved in that mode This can be done onJ> approxiraateh , 

A case o7 ‘^“'^clation of o 67 per cent 

acute hemolytic anemia reported by Ross and PaegeP' is interestini: 
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10 that It shows three modes (fig 5) Reticulocyte counts and spheroqte coubb 
were obtained on the same day, and their percentage corresponds roughly with 
the percentage of hemolysis involved in each particular modal area 
A similar curve can be derived from the results of Goldbloom and Gottlieb,’ who 
were investigating normal umbilical cord blood By examination of the residual 
cells after hemolysis, they showed that the early peak corresponded to disappear 
ance of reticulocytes and the middle peak to destruction of nucleated red cells 



% Saiine 


Fio 5 Fragility distnbution in a case of acute hacniolyoc anaemia following snlphtdianneseiu^^ 
non reported by Ross and Paegel Note the three separate modes daring the attack and the smg ' 
on reco'ery 


Tadlb 3 

Rcnculocyccs 

Sphcrocytcs 

5 4 % 1 
46 8% 1 

Early mode 

Middle mode 

1 sTc 

30^0 


Discussion 

Erythrocyte fragility has been expressed in different ways by molvsi’ 

It may be expressed as the range of saline concentration within w ic c 
and notice may be taken particularly of the pomt where emo 


occurs 


seen— maximal fragility —or the point where hemolysis is comp 

fragility ” More commonly it is shown by means of a jheseme'*’ 

centage hemolysis to percentage of saline as previously descri jbilitp of 

ods are open to the criticism that they deal only with the extre 
the phenomena and pay little attention to the form of variation |„j.jnd 

Various attempts have been made to obtain a single 
the most satisfactory discussion on the subject is that ofJ*"' sipnoid cur« 
used the median as her descriptive statistic and recognize thjt 

was an integral of cell fragility at specific levels variabil'ff 

the curve was normal in type and on this basis attemp P standard devB 

as the slope (b) of the regression line 5“ were ncglecteJ asJ 

non from the median) on saline concentration Extrem 



J H BOLTON 


^77 


not surprising!) , she found this second statistic of little practical importance A 
similar approach t\as used by Hunter," who also realized that more than one 
niaximum might be found, but was unable to explain this His methods were used 
by Parpart et al ," but uncritically in that a normal " curve was assumed 

From the previous results it will be seen that the curve of fragility is unlikely 
to be normal and in pathologic conditions frequently shows two or more modes 
In the presence of such irregular curves the use of mean, median, or range, can lead 
to very erroneous conclusions and the advantage of the suggested method of 
presentation is that it permits the form of the distribution to be determined before 
using any statistic to describe position 

The apparent relationship between secondary modes and reticulocytes does not 
necessarily mean that reticulocytes arc more fragile than normal The presence of 
reticulocytes may only indicate increased marrow activity and this may be asso- 
ciated with the production of abnormally fragile cells qmte apart from reticulo- 
cytes 


The htenture on the sub)ect of reticulocyte fragility is confusing, it bang variously alleged that 
rencniocytes are less fragile, equally fragile and more fragile than normal 

That young cells arc more fragile than normal appears to have been conclusively demonstrated by 
t et al * They used dogs rendered anemic by bleeding and tagged transfused red cells with radioactive 
non so that their age could be followed A marked difference in the fragihiy between jonng and old 
o^fr was found and this difference was mainmned for five days Thereafter the fragility of the old and 
new cells became virtually identical Reticulocyte counts were not done so that no frurher con 
nsions can be drawn with regard to these particular cells 

concluded from his work that reticulocytes were normally fragile He used rabbits as an ei 
P^onental animal and emphasized the difficulty in performmg reticulocyte connts after partial hemolysis 
^ pointed out that ghost cells would still rewm their miculum which would staju and cause con 
^ In counting and also noted the danger of cotmtiog only the sedimented cells at the bottom of the 
*nnc If tJuj reacnlocytcs would appear to be more resistant than normal, but if saropla 

liken from the bottom of the tube and from the cells floaang free in the plasma no constant dif 
be obtained This technic is not well desenbed but, from the a^vc description appears 

lo he inadequate 

S»)it5ka(a>i concluded that reticulocytes were less resistant than normal but bis views were based 
™ in ipparent correlation between rccculocyte connts in the pcnpbcral blood of anemic dogs and 
gns in the fragility of the cells Residual cells were not eaaminrf for rencniocytes and his curves 
n not correlate accurately in nine The increase in resistance could have been due to the presence o 
'"Ret cells which, according to Bohrod* appear shortly after hemorrhage and are more resistant to 
nypotomc saline 

The most thorough cicanunatioa of the problem svas performed by Goldbloom and Gottlieb vrho 
reoculocytc counts and further fragility tests on the residual cells in each tube after a 
clui'°*' ^nir work was performed on normal infant s blood finm the nmb ihcal cord and t eir c 
ion Was that taioilocytcs were more fragile than normal 
n er work on this point is indicated 

the applicauon of these curves to actual cases of ancniia. it wouH appn 
^ssiblc to decide whether an apparent increase in fragilit) tvas due to t e ^ 

*Q active bone marrow with the production of more re*!* l^thrmlrl 
defect m some or all of the cells present In this "*) ^ ^ 
enhanced m its diagnostic value 
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Summary 

I A simple method of representing erythrocyte fragility as a distribution curve 
of actual cellular fragility is described 

X The importance of deciding the form of a distribution before using sum 
marizing statistics is emphasized 

3 The danger of concluding that abnormal fragility is present in the presence 
of increased marrow activity is pointed out 

4 Possible applications in diagnosis arc suggested 
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THE LABORATORY DIAGNOSIS OF SICKLE CELL ANEMIA WITH 
SPECIAL REFERENCE TO THE DIAGNOSTIC PARAMETER 

Herbert M Perr, M D 

Introductort Remarks 

S ICKLE cell anemia has been recognized as a specific entity since 1910 when it 
was described b) Herrick Within thirteen years, 18 cases had been reported 
•n the literature, and the clinical and hematologic characteristics had been almost 
complctcl) described TTiis disease, defined as a hereditary, familial, acute 
»nd chronic hemolytic anemia,'” ’’ occurs predominantly in the Negro 
race,' » -6 anj one in which abnormall) -shaped elongated erythrocytes 

can be demonstrated in vitro in the blood This disease occurs in o 18 per cent of 
the Negro population The problem of early diagnosis assumes greater importance 
since It has been estimated that there may be as many as 135,000 cases of sickle 
cell anemia in this country “ It is also possible to artificially induce the presence 
of meniscocy tosis,s' drepanocytosis,” and sickling in as many as 4-14 pet 
cent' 1 ■' M u of Negroes tested without the presence of active sickle cell ane- 
mia The etiology of this disease, transmitted as a Mendclian dominant, has not 
•«n satisfactorily explained It is felt that the character of the erythwyte 
^coders It more susceptible to hemolysis, ^ind in great part, the clinical an pat 
nlogic changes are indicative of this process In most cases, the diagnosis is o vious, 
since sickle cell anemia can mimic rheumatic fever, ocher hemolytic anemias, 
PoWhritis, osteomyelitis, typhoid fever, pericarditis, catarrhal 
meningitis, peptic ulcer, appendicitis, cholecystitis and other acute surgica a 
'Nominal conditions, the diagnosis in some cases depends upon adequate laboratory 

PmJcedurcs ' ' s 

Until recently, the in vitro demonstration of sickled cells 
e pathognomonic evidence of the trait It was an early finding that c e er) 

'•yms in a drop of capillary blood sealed from the air between a glass s i , 

™vcr slip by liquid petrolatum'' underwent progressive changes rom t ^ . 

'concave disc through various stellate and spiculatcd forms to a t 
ype that resembled sickles Most workers agreed that the changes 
. '^°Sf«sivc oxygen unsaturation with the formation of re ucc e 
the preparation « While it was possible to produce sickling m sc P 

bln!!a?’ frequently absent in simultaneous preparations o 

In '9^8, Hahn"\oted that the formation of sickle cells ""d ” 

;'‘P 's notoriously capricious ' , and Brandau' stated that m a g o en J 
smear) may be positive for the sickle cell trait at 
blofj'' Some workers were able to demonstrate sicklmg 

S’ tn various diluents' ^ 0 a, 

ablet'" physiologic saline, scrum from other patients), ot 

^’"'produce these results 


Pfom Div 
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of Laboratories Newark Bech Israel Hospital Newark NJ 
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In 1917, Hahn and Gillespie advocated the use of a small blood chamber in 
which carbon dioxide could be passed over a curate suspension of blood “In 1930, 
Senver and Waugh suggested that a band be placed about the finger of an individual 
for five minutes before blood was drawn, the anoxic blood then demonstrating 
the trait more rapidly Hansen-Pruss,** in 1936, found that the addition of a 
drop of blood to a dned smear of one of several supravital stains (cresj! blue, 
janus green, or methylene blue) accelerated the rate of sickling By this method, in 
100 cases, 14 per cent were found to have the sickling trait, although the usually 
quoted figure is only half that amount “ In 1940, a comparison of the several 
methods of produang the trait (gas chamber, test tube, moist preparation, and 
the moist stasis preparation of Senver and Waugh) revealed that the most reliable 
and the most pracucal method for the detection of the sickle cell trait is the moist 
stasis method of Senver and Waugh * 

The differentiation between sicklemia and sickle cell anemia has been attempted 


frequently In 1931, Diggs noted that sickle cells were seen more readily and in 
greater quanuty in cases of sickle cell anemia than in instances of the sickling 
trait alone ^ Sherman in 1940 proposed a method in svhich blood ivas collected 
anaerobically In cases of sickle cell anemia, 30-fio per cent of the erythroq'tes 
wercsickled, while this was true in sicklemia to the extent of i per cent or Jess 
A different approach to the laboratory diagnosis of this disease was madewhw 
the sedimentation rates were investigated In 1917, Graham and McCarty not ^ 
that the erythrocyte sedimentation rate (E S R ) seemed faster than normal, 
a finding contradicted by later workers * ® In 1939, Bunting noted the fact t at 
sickled erythrocytes from patients with sickle cell anemia did not form ro eaui, 
and in this condmon did not sediment appreciably'’ m one hour s time, whereas non 
sickled forms from the same patients formed rouleaux and sedimented ‘ It vas a » 
noted that the uncorrected E S R may even be normal in the f ,( 

anemia ’ The characteristics of the E S R in sickle cell anemia were sni 1 
was noted that exposure to carbon dioxide caused sickling and a decrease m 
E S R while oxrygeaation favored the development of rouleaux and acre erat 
E S R In 1944, Burch and Winsor investigat^ this property thoroug y an^^^ 
eluded that the variation in the E S R was a reversible procedure an , 

controlled at will by exposing the blood either to carbon dioxi ' ^ g of 

From this and other data, a relationship benvecn the differences in 

blood saturated with carbon dioxide and oxygen was denved u ic j,okl' 

be of diagnosuc value in sickle cell anemia In a study of a6 

cell anemia and 60 patients who were normal or had , on th' 

cell anemia (371 determinations of which were done ° J,jg 

controls), it was concluded that if the difference in the of cases, sicl-l' 

nostic parameter or A) was 17 mm per hour or more, m 9 F ,n 

cell anemia would be present, and that the contro biooJ ul'"’ 

much more than 10,000 of falling within the mngc thesamcsso'I'O 

the oxygen-carbon dioxide test is used '* In the fol o J } > y,. oa 

„p„™d .l„.rr.s»lo-vh™.hc 

iom= scTOCcs i» Chano Hospital, Net, Otleam. I”' 
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Negro admissions to one medical service, 4 4 per cent were found to have acute 
sicLlc cell anemia, a figure considerably higher than the usually quoted incidence 
It was stated that in 437 control patients and 73 with sickle cell anemia, the 
•agnostic parameter did not give a false response in a single instance 
Because of the reported accuracy and reliability of the rest, and its simplicity 
and rapidity of performance, it was decided to test its application in a general 
hospital and to determine its practicability It was hoped that during the evalua- 
tion of this test, previously unsuspected cases of sickle cell anemia would be 
discovered 


Method 

The blood speamcni examined in this study were obtained predominantly from Negro outpatients 
attending the various clinics of the Newark Board of Health, Newark Beth Israel Hospital, and Newark 
ty Hospital In most cases the blood was obtained at the same time the routine serologic cxaminaciou 
ipeamcn svas dratvn 

The method described by Burch and Winsot**"*^ was ujcd With several minor jnodificanons Approxi 
^tcly 6-8 cc of blood was dra\% n from a vein in the antccubital fossa and placed id a dcaa dry specimen 
ttlc containing 15-1.5 mg of sodium oxalate The bottle was corked and rotated to mturc thorough 
*^^ng The relative proportion of blood to anticoagnlaot used docs not seem to alter the It. appre 
aably a Oxygen and carbon dioxide were introduced into separate 2.50 cc florcncc flasks and al 
owed to run m at the rate of 2.-4 liters per minute for thirty to forty five seconds A rubber stopper was 
inserted into the mouths of the flasks It was felt that the use of a florcncc flask decreased the diffu 
«ion of the ga* out of the container and that the larger size permitted a thinner layer of blood to be m 
contact with the gas over a larger surface area About z cc of blood was introduced into the flask by 
of a graduated 5 cc pipct and the flask rapidly scaled Thu step usually took no longer than fi\e 
^tteds The blood was allowed to remain in contact with the gas for about fifteen to twenty nunnccs 
dunng which the flask was rotated several times The blood in the flask containing carbon dioxide turn d 
* d«p miroon m several minutes while that in the flask voth oxygen assumed a bright scarlet color No 
attempt was made to measure the degree of saturaaon by physicochemical means the depth of color 
Wmg sufficient indication Before blood was placed in the Wintrobe sedimentation tubes the flasks were 
routed so as to nux the blood thoroughly and render it homogeneous The sedimcnution tubes were 
n^tjy capped and suspcndcdin a spcaally constructed rack AH readings were taken after one hour 
Concomitant sickle cell preparations were made For the first 16} determinations, hanging drop prepa 
r>Uons of oxalated whole blood in isotonic saline vrere used Later it was felt that this method was not 
as accurate as the moist stasis method and accordingly moist stasis preparations” and sset scaled prepa 
rations of oxalated venous blood exposed to carbon dioxide were utiliicd The latter, as previously 
ueribed.n proved to be more accurate and was therefore adopted for the last 144 determinations 
All cases of sickling and high parameters were repeated whenever possible and all necessary clinical 

laboratory data were obtained 


Results 

Three hundred and seven determinations were performed upon 150 patients Ten 
patients (4 per cent) had a diagnostic parameter of 2.7 mm per hour or greater 
Ctablc i) One of these cases had acute sicUc cell anemia, 7 had sicklemia nitbout 
and one case did not have sicklemia The remaining patient also demon 
“rated no sicklemia, as evidenced by the tclatixcl) unreliable hanging drop methoJ 
'vas not possible to recall this patient for a hemogram and a more accurate 
s'ckhng preparation) 

Fifteen patients (6 per cent) exhibited the sickling trait, and onh one cl thc<r 
'’='0 acute sickle cell anemia Of the 15, 8 patients had a diagnostic parameter 
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iAboratory diagnosis of sickle cell anemia 


above i7 mm per hour and 7 were below that value (fig i) The diagnosis of 
sickle cell anemia was sausfactonly excluded in 14 of the 15 patients by the absence 
of anemia, jaundice, attacks of abdominal pain or arthralgia, prctibial ulcers, or 
on the laboratory findings of normal erythrocyte counts, hemoglobins (Sahli 
method), and total white counts 

For the most part it was noted that repeated determinations upon the same 
individual were in close agreement In ease 15, the values for the differential sedi 
mentation rates obtained on two successive dajrs were equal (table x) In cases loi, 
106, 113, 114, and lii, numerous determinations showed a high degree of correla- 
tion (table x) However, in cases 86 and 95, a variation in results appeared In the 
former, the first five determinations were almost exactly similar The sixth, per 
formed a month later, exhibited a marked increase in the E S R of the blood ex 
posed to the carbon dioxide This was difficult to ascribe to the techmc as the 
method was standardized and relatively simple to perform The possibility that a 
qualitauve difference existed m the blood at the later date can not be excluded 
Case 93 was sirmlar (table x) 


Discussion 

A high diagnostic parameter was associated with the presence of sicklemia in 
almost all cases There might have been a perfect correlanon if the blood of care 
101 (table i) had been examined by a more sensmvc sickling test than the 
drop method The single case of sickle cell anemia examined in this study a 
diagnostic parameter above xy mm per hour Only 5 ° f**' 
sicklemia without sickle cell anemia had a parameter of xy mm per hour or more 
One might conclude that the diagnosuc parameter, while highly indicatiw 0 ^ 
presence of sicklemia, docs not offer a means of diffcrcnnal diagnosis tw 
sickle cell anerma and sicklemia pier se 
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CONCOMITANT INFECTIOUS MONONUCLEOSIS AND HEMOLYTIC 

ICTERUS 

By David H Ajpelman, M D , and Maurice M Morjuson, M D 

T his communication describes a ease of hemolytic anemia occumng in 
the course of infectious mononucleosis A careful review of the literature re 
veals no precisely similar ease 

Dameshek’ reported an instance of hemolytic anemia in a patient with infectious 
mononucleosis vrho had been given sulfadiazine The patient had cold hemagglu 
timns in his scrum Our case differs from that of Dameshek in that sulfonamide 
preparations had not been given, there was no preceding infection, and tests of the 
scrum for cold agglutimns were negative Ellis, Wollcnman and Stetson’ de 
senbed a case of acute hemolytic anemia in an illness resembling infccaous mono 
nucleosis Their patient was unlike ours in that tests of the serum showed auto 
hemagglutinins and hemolysins together with a positive Donath-Landstemer 
reaction 


Case Report 

A 11 yeat old, white Jingle male wai admitted to the Beth El Hospital on September 30, ijff ^ 
had been well until five weeks before his admisjion, when be nouced wtilcneH, htignabilityi sluggu ^ 
ness and rust-coloted urine Jaundice and fever appeared m the fourth wtelt of illness nospia 

lied following a fainting spell As a child he had eitpenenced attacks of weakness folloived by 
spells He undetwent an appendectomy m 1943 Repeated bono of furunculosis were succes 
with pemallin while he was in Germany m 1943 No histoty referable to malaria or ot er ospi 
diseases was elicited 

On his admission the patient was slightly asrbcnic, svith icteric ibn and sclerae The p 
in/ecred, and small discrete lymph nodes were scattered throughout the neck The sp een w 
4 cm below the costal margin Rectal temperatute was 103 F No other significant fin mgs 

Laboratory examinations on the morning following his admission were hemog 0 in> f 3 
per cent), red blood corpuscles i 4 milliou. and 8,800 leukocytes per cu mm ' j^j^^n-ophiles 
showed 70 per cent lymphocytes i8 p-r cent segmented nencrophiles and i. per 
A few atypical lymphocytes characteristic of infectious mononucleosis vrete seen numbered 

the red blood corpuscles were spherocytic A marked amsocytosis was present ticu ^ 

7 per cent Five normoblasts per roo W B C were found on the blood smear P norffljl 

per cu mm Bleeding rime coagulation tim* clot retraction time and ^t m ^ g^larfocytci were 
A sternal marrow aspiration revealed a granulocytic-erythrocytic ratio of 50 50 , ^ 35 pf 

normal in number and the granulocytic elements were made up of 35 ™ ^ 

segmented neutrophiles 10 per cent metamyelocytes and lo per cent corpuscle ftJgihty 

Thchetcrophileagglutinaciontest waspositiveinadilotionofi S'*- ” complete hemul) «’ 

test’ with hypotonic saline solutions showed initial hemolysis at 0.4S ^ containing o 44 or o 4 
at o 41. per cent CWtsh normal blood, hemolysis usually begins in r c jolotion ) The urm wai 
per cent salt solution and is complete in the tube containing o 34 ^ abs-Ht from th' utm- 

strougly positive for urobilinogen Bile hemosidcnn and hemog 4 van den B^gh ffsct'on ’ 

Blood chemical examinations showed an icterus index of 15, » 3 ^ t(,c Wobulin wa> 3 iG® 

serum protein of 7 i grams per cent The albumin was 3 9 Gin ^ umt >’5 ? P’’ 

cent Serum total cholesterol was zoo mg per cwt and ^e „.j, , plus^ 

ureamtrogen sugar and chlorides were normal Thecephaim 

From the Departments of Medicine and Hematology The Beth El Hospf' 
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The kJinc test was negatne Blood cultures showed no organisms Rep-ated /ccal examinations failed 
torc\xalan> parasites or o\ a No malarial parasites were found in the bone marrow and pa-iphcral blood 
Jpeamens The patient was Rh positi\c and group O Agglutination tests for brucellosis typhoid 
pMatyphoid A and B, and rjphus fever were oegatne 

Roentgenologic examinations of long bones and chest were normal The basal mctalbolic rate was plus 
18 Fragilitj tests done on the blood of the patient s relatives were within normal limits and no cytologic 
tbnonnaiities were found 

The paoent was given 3500 cc of blood during the first week of hospitalization The hemoglobin rose 
to 5 5 Gm ^36 per cent) with a red blood cell count of i 9 million The other hematologic and biochcmi 
examinations were rclatuclj unchanged The urinary urobihnogcn reached a titer of i 100. 

Two weeks after admission additional laboratorj examinations were done tests for cold agglutinins 
or paroxysmal hemoglobinuria bj Mackenzie s modification* of the Donath Landstcincr test and for 
^^larchiafava s disease by the Ham and Horack® procedure were all uniformly negatne The hctcrophilc 
agglutination test was positive in a dilution of i X56 The Davidsohn exclusion test confirmed the dia 
gonsis of infectious mononucleosis 

The clinical course during the ten weeks of hospitalization was uneventful The temperature returned 
to nomiaJ on the twelfth da), after reaching a peak of 104 F forty-eight hours after admission The 
lymphadenopathy persisted The spleen became barely palpable A slight icteric tint to the skin was still 
perceptible on discharge 

Laboratory examinations earned out during the last week of hospitalization showed a hemoglobin 
0^5 grams (j8 per cent) with a red blood cell count of i.8 million Lcukocj tes were 7000 per cu ram of 
which 32. per cent were segmented ncutrophiles 4 per cent cosinophilcs 41 per cent lymphocytes and z 
per cent monocytes No atypical lymphocytes were seen A few macrocytes and an occasional sphcrocytc 
seen on the stained blood smear Reticulocytes were 3 per cent and the platelets numbered 380 oco 
cn mm Sternal marrow showed a granulocytic-crychrocytic rauo of $0 40 Granulocytic senes showed 
^per cent neutrophilic myclocyrcs 10 per cent eosinophilic myelocytes 11 per cent nictainyeIoc)iC5, 15 
^ cent staff ncutrophiles and 5 per cent cosinophilcs The icterus index was 37 Quantitative scram 
bilirubin was o 8 mgs per cent The hccerophilc agglutination test was negative The red blood cell 
Agility test hid returned to normal Initial hemolysis began at o 44 per cent and was completed at o 31 
P® cent The urinary urobilinogen was positive in a dilution of i 100 

There was nothing in the patient s history prior to the onset of the infectious mononnclcosis to indi 
^tc a pre-existing hemolytic disease The subject was not seen until eighteen months after discharge 
He looked well, had no icterus, and the spleen was not palpable Laboratory cxammations at this time 
hemoglobin 15 4 grams (too per cent) fed blood corpuscles 4 6 million and 6 coo leukocytes per 

^ nim The differential count showed 51 per cent segmentt^ ncutrophiles 10 per cent staff ncutrophiles 

33 per cent lymphocytes 5 per cent monocytes and 1 percent cosinophilcs No pathologic cells were seen 
Reticulocytes numbered i 5 per cent platelets 450000/cu mm Bleeding and coagulation time w*re 
normal The hctcrophilc agglutination test vvas negative The red blood corpuscle fragilit) test v.(t 
'‘ypotonic siJt solution showed initial hemolysis at o 44 per cent and complete bcmo!)-sis at o }4 per 
Blood chemical examinations shoived an icterus index of 4 } » negative cephalin-cholcsierol 

^^occnlation test and a unc turbidity test of 6 a units Bile hemoglobin and hemosiderin w-rc abs-nt 
the urine The urinary urobilinogen svjs within normal limns 

Comment 

Following the report of the laboratory findings, it became apparent that 

had hemolytic anemia and infectious mononucleosis concomitanth The 
‘^gnosis of infectious mononucleosis ssas supported b) the Ivmphocv tosis v'lt 
^^Pical l}Tnphoid cells, the positive hcterophilc agglutination test, the Ivmpha 
otopathy and the splenomegaly Hoasever the unusual findings v\ere the presence 
jaundice, anemia, an increased red blood cell fragilm to hv potonic salt sp icr^ 
^JTosis^ increased unnary urobilinogen and an erythroblastic maffovv 1 c , t ^ 
findings characteristic of hemolj tie anemia The occurrence of infcctiouv mo'-o 
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nuclcosis ivith jaundice has been previously descnfaed Infecuous hepanus 
might be considered as a possible diagnosis but cases of infectious hepanus almost 
invariably show an increased resistance to hypotomc saline Paroxysmal noctun 
naJ hemogJobinuna was ruled out by a negative Ham acid test Reed and He! 
wig’® reported 300 cases of infectious mononucleosis of which 3 presented severe 
anemia, but the anemia was associated with a marked reduenon of the white blood 
cells and platelets The authors considered this pancytopema to be part of the 
infectious mononucleosis 


Summary 

Hemolytic anemia concomitant with infectious mononucleosis, was observed in 
a aa year old white male whose historyindicates no prc-ciisung hcmolyuc disease 
Recover) occurred spontaneously 
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INFECTIOUS LYMPHADENOSIS (MONONUCLEOSIS) AND HEMOLYTIC 
ANEMIA IN A NEGRO, RECOVERY FOLLOWING SPLENECTOMY 


By Sloan J Wilson, M D , Charles E Ward, M D , and Luther W Gray, M D 

I N MOST instances, infectious lymphadenosis (mononucleosis) is not a diagnos- 
tic problem In a recent publication, Damcshek and GrassP state that the lack 
of reduction of red cells and platelets in infectious lymphadenosis (mononucleosis) 
IS of considerable aid in distinguishing this disease from acute lymphatic leu- 
kemia, and that the association of well-defined anemia and/or thrombocytopenia 
with a marked degree of lymphocytosis in which abnormal lymphocytosis is con- 
spicuous almost certainly indicates acute leukemia 
These authors reported a case of severe thrombocytopenic purpura in a patient 
who had infectious mononucleosis Splenectomy resulted in an excellent platelet 
response The case herein presented is another exception to these generally accepted 
concepts in the diagnosis of infectious mononucleosis A young Negro male 
was found to have generalized lymphadenopathy, slight hepatomegaly, marked 
splenomegaly, an absolute lymphocytosis and a severe anemia Although the 
clinical picture strongly suggested leukemia, the qualitative characteristics of the 
lymphocytes were those of infectious mononucleosis and this diagnosis was con- 
firmed by a markedly positive heterophile agglutination test In addition to the 
marked anemia there was also a reticulocytosis, moderately increased red cell 
fragility, an elevation in the icterus index, and an increased urinary excretion of 
urobilinogen This was interpreted as a hemolytic anemia The family historj was 
entirely negative Splenectomy was performed when the anemia became extrcmelj 
severe and uncontrollable by transfusions, and a prompt recovery occurred 
Infectious lymphadenosis is rare in the Negro, but has been reported ’ ® Anemia 
has been reported with this disease in but a few cases * 

This case is of interest not only because of its rarity, but also because o t e 
possibility of hypersplenism with resultant hemolytic anemia, thrombocj to- 
pcnia and moderate leukopenia The hcmolyuc anemia was the predominating 
feature of the disease 


Report of Case 

H , 1 young adult colored male, aged i8 years, was admitted to the hospital Decause 

plained of headache fetcr and chills A diagnosis had been made on ,.Jn„„jjtotIie 

of a marked anemia with an erythrocyte count of a_4fi and hemoglobin o m hemoU tic 

"rfical service (CEW) fo/ further stud, The fam.l, history nas entirely negative for hemoU.ic 

Jincniui t u j f 

On examination, the patient appeared to be acutel, ill The sclerae were 
'he neck, axillae a^d in^inal regions «cre enlarged A s,stolic rnuunur isas 

Tfic liver was palpable afthecosfal margin The spleen was enlarged and extended S cn below ,b 

niargin and mediall, to the midline . , u. ,, c-t ad 

On May 3. he was seen by one of ns (S J W ) The phss.cal finding wi^^^h ^ ^ ^ ^ ^ 

'nusion Blood studies at this time reixa led the followtnc er» throw f coun — __ 

patient ^\-as studied at La Garde General Hospital New Olcans LoJ 

1S9 
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Gm (51 per cent), IcaLocyte coonc 19 500, rcocoJocytcs 9 5 per cent, icterus index 17 units hctcrophilc 
agglutination test positive m a dilution of 1 896 urinary urobilinogen positive in a dilution of i 50. A 
red cell fragility test showed initial hemolysis at o 45 and complete at o 31 (nomul initial hcmoijsi! 
o 41 complete o 30) No sicUing of red cells was observed in a 14 hour wet preparation The platelet 
level by the Rees EcLer method was 140 000 per cu mm The peripheral blood was studied by the supra 
vital technic and after having been sumed with Wnght s seam The following differential count was 
obtained, polymorphonuclear Jeohocytes 10 per cent lymphoqrtcs 77 per cent, monexytes i per ccot, 
cosinophilcs z per cent The lymphocytes varied la size and staining rcaaion and were typical of in- 
fecaous mononucleosis The erythrocytes showed some polychromatophilia, amsocytons, and slight 
sappliDg Sphcrocytcs were numerous 



A srcnulroan-ow biopsy onjaac 1,1544 revealed nurLed hyperplMU Ext 

elements at the nonnoblasuc ]e\ cl of cell maturation svere obsoTcd cr . ]yn,piiocyte< 

normal in appearance and maturation levels but were rcUuvcIy decreased Occasiooa j 

were observed fi, i") A second hcmoclasnc cnn> 

The patient began to improve clinically and hematoIogicaUy ^see g y ^„g5fo„ons of 500 cc ci A 
develop^ hoivcvcr wntb a drop of ery-throcytes leoTocytes and p tc ^ hemoglobin of 

were given on June 10 I 4 »ndi 5 The erythrocyte count on June 15 , splenectomy «« 

4.a5 Gm (17 per cent) Becanse of the uncontrollable footed with som- difScelty T-ro 

(LW G ) on June 15 1944- Tl>= of the operauv- diy wai 1 55 " 

accessoty spleens ivere also removed The red cell count m the 
000 and hemoglobin 8 3 Os cenO 
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The tplccn grossly was markcdlj enlarged and moderately firm The weight was 860 Gm The capsule 
was smooth and not thickened The splenic pulp was red and scraped mth ease Microscopic examinaaon 
revealed marked dilatation of the smusoids svhich were filled with erythrocytes The malpighian bodies 
were not enlarged and the germinal centers ivere not proliferative in type This probably is explained on 
the basis that the infccoous mononucleosis had subsided before the splenectomy, as the lymph nodes had 
also receded 

The postoperative course was uneventful The pauent was observed until October afi 1544 No re 
currence of the hemolytic phenomenon was observed On this date the following laboratory data were 
obtained erythrocytes 4 95 lenkocyte count 12,800 (higher than the usual penodic observations) 
hemoglobin 15 3 Gm (98 per cent), platelets 42.5,000, differential, polymorphonuclear leukocytes 
48 per cent, lymphocytes 47 per cent monocytes i per cent, eosmophilcs 4 per cent, urinary urobilinogen 
slightly positive in a i 5 dilution hctcrophile aggluanation positive i 20 dilution 

Discussion 

As has been stated before, infectious lymphadenosis is rare in the Negro, but 
has been reported It was quite evident m our case that there was a considerable 
mixture of negroid and white stock Although negroid charactensucs were present, 
the hair was auburn and the skin a very light brown 

Infections mononucleosis is a readily recognizable disease, running a characteristic 
course One of its outstanding features is the lack of anemia Read and Helwig® 
reported anemia in only 6 of 300 cases of infectious mononucleosis In 3 of these 
patients, there was a rapid and simultaneous drop in red blood cells, white cells 
and platelets This was followed by a gradual rise in all three of the formed ele- 
ments of the blood 

The 3 cases of Read and Helwig and the case rcponcd here again serve to empha- 
size that a diagnosis between lymphatic leukemia and infectious mononucleosis 
cannot always be made on the absence of anemia and the presence of immature 
lymphocytes The cells must indeed be studied for qualitative differences and cor- 
related with the heterophile agglutination test Read and Hclwig, in addition to 
mentioning a possible hemolytic phenomenon, believed that the anemia maj be 
partially explained by infiltrauon of the bone marrow It is interesting to note that 
in one of their cases (case 3) the icterus index was 31 at the time the red blood cells 
were 1,900,000 and the indirect Van den Bergh test 3 5 mg No other data arc gi\ cn 
which would be of aid to determine whether or not a hemol} tic process existed 

In the case presented in this report, the cause of the hemol) tic process cannot be 
definitely stated No familial history could be obtained The spleen was consider- 
ably enlarged and microscopically t) pical of a marked hemol) tic process, t c 
sinusoids being distended with eo chroc) tes It could sscll be that this reprwen ted 
another manifestation of hypcrsplcnism Doan and V right, Doan an am 
shek and Estren® have discussed at length the larious t) pcs of h) persp cnism o t e 
primary and secondary types Specific primar) diseases exist in which an unsta 
splenic rcticulo-cndothclial s)stcm either acutch or chronicalls dcnrois and o- 
inhibits the blood cells, platelets and granulocv tes cxccssnch cs,. arc 
scnptivcl) identified as congenital hemol) tic anemia, essential throm ocs tope ^ 
purpura, pnmar) splenic neutropenia and primary splenic panhcmatopcnia 
or other of these primar) s)ndromcsm3\ be simulated b\ ans ' 

ment of splenic tissue Doan and Wnght,' Doan’ and Dameshek an,, t-si'cn 
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mentioned many such diseases in their discussions of the subject Hemoljtic 
anemia however, is not mentioned as occurring in infectious mononucleosis One 
can hypothesize that in this ease the spleen was stimulated to overdcstruction of 
red cells and a severe hemolytic anemia resulted, which necessitated its removal 
As Dameshek and Grassi' state The wJiolc-subject of spleen-bone marrorv-tcla- 
tionships under normal and pathologic conditions has only recently come to the 
forefront, and many questions related to the possibly increased activity of the 
spleen must await further investigation 

Gonclusion 

A case is presented of acquired hemolytic anemia and infectious lymphadenosis 
(mononucleosis) in a Negro Splenectomy for the uncontrollable hemolytic state 
was followed by prompt recovery 
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’ Doan Charles A and Wrioht Claudb-Starr Primary congenital and secondary acquire sp 

panhcmatopenia Blood r 10 1946 . j mimical 

* Pan marrow hematopoiesis (L. casei factor) and splenic beraatopetua Eiperimenta an 

studies Proc. Insutute Med of Chicago, 16 No 6, June 15 194S AStrai 

’ Dameshek, WiLUAM andEstren Solosion The Spleen and Hypersplenittn NewYor m 
ton, 1947 
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ERYTHROCYTES AND ANEMIAS 

Eppiu.iiVENEss op Vitamin Bj j in Combined System Disease Rapid Recressiov op Neurolocical'^Mani 
testations and Absence op Allergic Reactions in a Patient Sensitive to Injectable Liver Ex 
tuactt L Berk, D Dennj Brot^ M f/nUnd and IV B Castle From the Har\ard Medical School 
and the Thorndike Mcxnonal Laboratory of Boston City Hospital Boston Mass New England J 
Med ajp 3x8-330 1948 

The authors report observations on a paaent with pernicious anemia who was scnsiavc to pork and 
beef liver extracts While taking folic acid she developed sc\crc neurologic manifestations of combined 
system disease She was then treated with 5 micrograms of Vitamin Bij for eight days without reaction 
Reticulocytes began to rise on the fourth day and reached a peak on the sixth da> Bj the tenth daj 
neurologic regression was evident and the changes arc tabulated by the authors Discontinuance of Bjj 
for seven days lead to some relapse which again responded to further treatment 

This report indicates that in contrast to folic acid should prove e/fcctnc against the neurologic 
as well as the hematologic manifestations of pernicious anemia and that is not responsible for scnsi 
tivity reactions to liver extract 

CAP 


Observations on the Effects op Fouc Acid Antagonists Fouc Acid Lrv er Extract and Vitamin B, 
ON Embryonated Eoos A Preuminary Report P F Wailej and H K Mcr^sn From the Thom 
dyke Memorial Laboratory, Boston Oty Hospital and the Department of Medicine Harvard Medical 
School Boston Massachusetts Bull Johns Hopkins Hosp // 194® 

Injection of folic acid anugoniscs produced a diminution in the site and number of the blood islets of 
the yolk sac of the embryo and degeneranve changes in the nuclei of the islet cells Of the three anrap^ 
onists used 4 amino-ptcroylglutxtnic acid produced th* most marked histologic changes InjTtion o 
folic acid prior to administration of the antagonist did prevent the changes in the hcmatopoic ic ti'su 

hut the preliminary injection of Bu did not havx an effect in the amounts us*d o c d 

R 5 E 

The Buxjd and Bone Marrow in the Sprue Si-ndrome A Studt or 63 Cases £ M Irrrj Frora th- 
T^artment of Medicine, Unis crsicj of Edinburgh Edinburgh MJ /c 

Hematologic studies arc recorded on a group of -7 adults ssTth Donrropical spni 17 a cisssir ^^1^ 

»pnje and 19 children \s ith celiac dis-asc In the maiorit) of adults nacrocsTic an-Tias ss 't 

»nd m those patients not under liser treatment, a megaloblastic matross- Patients '\- 

shossxd miaocyuc h)-pochromic crythrocjTes These studies are relat'd to the ro on t 
“Tthron and are somesshat difficult to interpret, since mans patients ss-tc on th-ips 


The Anesiia or IsrECTioN VII The SioNinc-svcE or Free ERrrniocTTE Psotc 011111 r n " 

"TniSosiEODSERSATiossoNTiiEMcANiNoorTiic E-ssiet SruT-Orr laos M Gr,- -1 
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dnJ M Af JVtntrcif From the D-partment of Medicine School of Mediaae, Umvcnity of Utah 
Salt IjIlc Dry J Clin In\C5tigation a; 145*^59 *948 

In pursuance of earlier studies demonstrating an increase in erythrocyte protoporphyrin and tinoc 
coproporphyrin associated svith the anemia of infection, expenments -vvcrc designed to establish the 
significance of free protoporphyrin m red cells CEP) *l*o included m the present report art obscrvauoQs 
relative to the nonhemoglobin iron, or easily spht-off non (ESFc) of the ci^ocytcs Dau ob- 
tained in the course of rcticulocytosu produced in animals by hemolytic agents (employing phtnylhydra 
zine and immune crythrocjtc antibodies) and by restoration of defiaency anemias (pyndoxinc defiacocy 
in pigs and pernicious anemia in a human subject) and studies of effluent blood from congated spleens in 
nembutal treated animals indicated that the EP IS greater and the ESFc less in immature than m marore 
red cells and that the crythro^re EP in splenic venous blood was increased following splcmc stasis 
These findings arc interpreted as indicating that (a) an increase in EP usually signifies mcompUre 
hemoglobin synthesis, as in reticulocytes m red cells altered by iron dcfiacn(^ and those damaged by 
toxins or other factors or it may represent evidence of hcmoglobm degradation, (b) the ESFc appears to 
be a degradation product of hemoglobin assoaaced with the maturation destruenon and p-rhaps tcocs 
ccnce of red cells 

CPE 


Volume Changes in Hemolytic S\TrE!.rs Containwo RESoaaNOL, Tauhocholatb and Saponim E 
Tmicf From Nassau Hoapial Mincola Long Island N Y J Gen Physiol 3^5"335 *94^ 
Hemolysis jffoduced by some lysms is preceded by a loss of potassium the human red cell, and m 
the case of other lysins it may also be preceded by an increase in cell volume A modification of the 
Hamburger (or van Allen) hematocrit method permitted the measurement of inucc cells and the parent 
age of complete hemolysis The results indicate that volume mcrtascs may b- quite small while the 
poussium losses arc larger, and that the volume changes may be unequal for equal potassium losses pro- 
duced by difTcrcot lysios 


The Peemeabiuty of Human Red Cells to Cations Aeter Treatment with Rtsoacnroi^ n cttl 
COHOE, AND SikHLAK Lthns E PffnJcr From Nassau Hospiul Mincola Long Is an 
Gen Physiol 53-^2-, 1948 .,(3^5 

In systems of vpashed cells of freshly dravra heparinized human blood to which vanems 
of resorcinol have been added, the loss of potassium increased with time. When potassium is 
re-enter cells which have previously lost it the quanaty of sodium which leaves rbc is appro 

the same as the quantity of potassium which enters q p j 


HyPOPHYSE ET HeMATOPOIESE I Le RSTENTlSSEMttNT DE L HtTOPHYSECTOMIB SUE L 

Rat Axbino (Htrophysectomy and Hematopofesis I The Hptect or Htpophts^ ^ 

TOPOiESis IN THE Whitb Rat L Any A1 Q^he 0nd F Stiamjky Rev ^ounu s'TTC hi 

Twenty four male albino tau were hypophysc«oniizcd the weight and technics were 

lowed and the bone marrow was examined Histologic examinations using s- 

uttUzed among them Sliver impregnation of the rcuculum and dctccnono ir scarcityofrb 

Some of the results arc mere confirmaaou of what was already known iwmc ^ folbeulcs 
crjthroblasts in the marrow smears and splcmc atrophy with 

Some pomts are of interest the effea on the bone marrow coneerns n y 

the mveloid series , . hypophy»«'°"”'^ "" 

The osmotic fragility of the red cells in saUnc solnnon “ reflecaoo of * seoera! hyperpla"' 
The increase in the lymphoid folhcnlcs in the spleen ts nothing nt a 

of the lymphoid tissues (lymph nodes Feyer s patches ) hypophr5«‘°™'‘ ’ 

The study, using iron staining shosvs a strifcing hemosi ,l,yroid atrophy whuh “ 

The authors believe that the bone marrow hyperplasia is in 
the hypophysectomy 
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SoLnivDRiL Compounds AND THE SicKUNO Phenomenon A Preuminart Report L Thcmas and C 
A Stttscn Jr From the Department of Pediatries, Johns Hopkins University Medical School and 
the Harriet Lane Home for Invalid Children Johns Hopkins Hospital Baltimore Maryland Bull 
Johns Hopkins Hosp , Sj 176-1S0, 194S 

The use of several reduang substances to produce rapid reduction in oxygen tension so as to promote 
sidling of susceptible cells is the sub|ect of this preliminary report Of the substanc« used, a saturated 
solution of hydrogen sulfide uas the most acti\c in producing sickling Soluuons ^ ^ 

were also effective After exposure to these substances the sickling phenomenon was found to be sail 
reversible when the suspension was exposed to air The concentrations of each su stance necessary 
produce sidling were also sufficient to produce a positive nitroprusside reacuon r S E 

Rapid Staining op Heinz Bodies in Smears S H Wtbstir E J Lrljiptnand D J Tjjyjnoi 
Laboratory of Physical Biology National Institute of Health Bethesda Maryland Stain Technol 

«hyl .Mol Fchl, pcp.cd ..M ""‘r >■ “ 

covered with this solution for one half minute The surplus dye is removed in runnmg tap water ^ ^ ^ 

The Cttopeasmic Basopbiua op Marrow Cells The Distribution Hiwital Medical 

I Irrlu and J C Wh.,r From the Department of Biochemistry St Thomas s Hospital 

School London, England J Path & Bact i(r i-io, 1^8 , 5 ultra violet ab- 

It has been shown by the application of Brachet s ribonu diminishes woetesstvely as the 

Jotption technic that young blood cells contain ribonucleic ^ Imwessions on a quantitative basis 
cells mature The present study is an attempt to place some 0 ^ ayscrastas were pre 

M«tow samples from 15 normal individuals and determinations were made for 

pared for studies of films sections and chemical analysis vipmhnoucleic and phosphorus 

total nucleic acid phosphorus ribonucleic aad phosphorus an „ ofp per ICO Gm of 

The mean values of these for normal human marrow were ld 7 14 a marrows Nucleic acid 

fresh nssue respectively These values were increased in ^TP^ therapy and eventually re 

levels decreased during reticulocycosis in pernicious anemia ° maturity, then the dcsoxy 

turned to normal If a hyperplastic marrow contains many rel s 0 me cyToplasra and 

ribonucleic acid phosphorus value is elevated The high n bility to pass through a senes of 

nucleoli of the younger marrow cells is apparently connected with tne „soa,ted chromatin 

mitouc divisions and to elaborate hemoglobin and speafic granu es ^j,5t »fteT the cell ha< lost its 
which increases as the nucleolar ribonucleic acid diminishes appears t 

power to divide OPJ 

, u YvERtTE (Substances Dites Moutardes a 

Iniroddction BioLOQiquB A L Etude dbs Analogues de l ieer do T»AnxMENT de 

^ Azote ou AU Souftie) Etode Critiqob Rjesultats pe Reciiekches 

40 Hemopathies Mauones par une Moutarde a I. Azote Avai^^^ ^ (Bio" 

Biou)o!que 5 ErpECTxmEs AU CouRS DE L Etude Therape^^*?®® [Sud 5 Ta>ces 

Introduction TO THE Study or AnaixKjUES OF f>,«tcAU Results Oot^i'vEP Dl.i:i ''0 

Bustard or Sulfur Mustard] Critical Study of the t-j ,-^ 5 ^ Fir^ Biologic R^'FCh 
Treatment by Nitrogen Mustard or 40 Malignant Tosic Ga*es ) f- 

^iJLTs Obtained DURING THE Therapeutic Study OF THE a ,.1 J-1S3-V 194'' 

S Umette Bd^llonanja Foloncpjki Sem HopK Pans 2^ 

A complete historical and bibliographical rcsicw on "Uh ntretr" r- t-i - 

in 40 cases of malignant blood discasrs 19 cases o ^ ,.,,4 is often bic^l' ^ 

pntaented The following conclusions were reached Nitrogen mu 
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thcrefotc it should be reserved for cases which can nor be treated by x rays for practical reisom, and above 
all, for cases which become refractory to x rays The very widespread forms are also more easily treated 
by nitrogen mustard but the results are usually of short durauon The importance of following hema 
tologic changes is emphasized Nitrogen mustard should not be given sexmer than two months aher 
radiotherapy The results lu the terminal cases of Hodgkins disease were disappointing 

The third part of this work is an experimental study of the methyl bit d-chlorcthylamine m regard to 
the skin sensitis ity, glucose and protein metabolisms, and antibody formation In vitro the baettn 
cidal actint) of the drug was tested on several micro-organisms The effect in vitro on the osmotic 
fragility of red cells on coagulation mechanism, and on different enzymes was alto contidercd Some 
derivatives, the ethyl instead of methyl and the brom instead of chloride, were tried m different diseases 
with good results Finally, the prophylacuc effect of hcxamethylcn tetranune against the toxic mam 
fcstations of the drug appears effective in rabbits and mice, and confirms the prewout in vitro studies 

JP-S 

The Natore or Anaemia in Leoxaemia D H Ctllins and W Mcl Rest From Department of Pathol 
ogy and Bacteriology Umversity of Feeds England J Path icBact ft 63-74,13^8 
Fifty consecutnccases of leukemia werestudied from 1345 101347 A significant anemia was ptcjcnt 
in every case of acute leukemia, in 75 per cent of the cases of chrome lymphaac and 65 per cent of the 
chronic myelogenous leukemias The anemia of chronic lylnphanc lenkemia tended to be more severe 
ac the time of diagnosis and later toward the end Nucleated red cells appeared m the blood commonly 
m chrome myelogenous and acute leukemias The author emphasized that, in the absence of ictetus or 
osseous metastases erythroblastosis in an adult with only moderate anemia should bnng myelogenous 
leukemia to mind In both lymphatic and myelogenous leukemia blood loss and destruction may aggta 

vate the anemia But in addition lymphauc Icokcmia has a hypoplasia of etythropoicoc tisiuc thwjh 

a crowding of the marrow by lymphocytes and myelogenous leukemu has a defective or disocuay 
erytfaropoiests from a hyperplastic marrow Some eiidence has been ptesenied to indicate that at 
pemiaous anemia or a severe megaloblastic maaocync anemia may precede the onset of acute len eiw 


BLOOD PIGMENTS 

Mexhemacbumin I Appearance durino AomNisTRAxioN or PAUAquiNB and QoisnNE M 
fi!d C G Znbred W D BUiiond J A Shannen From the Depanm-nt of M-dicin New m 
veisity College of Medicine and the Res-arch Service, Third (New York UmvOTiiy^ 

Sion Goldwac-r Memorial Hospital New York City and the Etepaitroeni 0 >nM^ Jnttiii 
Expenmcntal Thcrap'utics The Johns Hopkins Umversity, Baltimore Maty n J 

gallon a7 138-143,1348 . , 1 therapy with 

Mcthemilbutmn consistently app ared m the strum of mdividnals receiving anti at * 
both quinin^ and pamaqmnc bat did not compUcatc treatment with cither rug w cn 
or develop in patients receiving pamaqmnc and quinaenne concurrently ^ themilhumm 

A new and convenient procedure is described for the photometric in the ab- 

concentrations in serum utilizing an absorption band at 405 tnp This concenttitiofl to oh- 

stnee of hcmoglobincmta and entails only Ac dtterroinauon of the serum 1 im 
tain a factor for corrccuon of the serum blank. CP E. 

Methemoolouinemia AND SnuHEMOotoBiNEMiA CA ftnch N'cw England J 

Medical School and the Peter Bent Bngharo Hospital, Boston, bfassac 

1}} 4710-478 1948 J , __ ,n which ibii can M ' 

The normal red cell mechanism for reducing metbcmogiobm an ^„lobia clioifti pitt“^ 

fluenced are discussed Methods of identifying roethemog o in treatment art rew w-d 

associated ivirh these pigments enologic agents in their product! , C, 
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acavity in the hemophiliac like blood and in combinations of the latter with normal blood demon 
strated onl7 a slight consumption of prothrombin in the course of the clotting process it is concluded that 
the effect of this inhibitoty agent was to impede the conversion of thromboplastinogen to thromboplas 
tin An explanation is thus afforded for the failure of certain patients with hemophilia and hemophiliac 
like disorders to respond sausfactonly to transfusion therapy or the admimstration of antihemophiliac 
globulin 

CPE 

Relation of Complement to Blood Coaoolation F D JAam and A 1 Hum From the Division of 
Clinical Laboratories Mayo Climc Rochester Minnesota Proc Soc Exp*r Biol & Med Cy 83-85, 
1948 

The role played by complement in the conversion of prothrombin to thrombin was studied by means 
of one and nvo-suge assays of thrombin production after recalcification and addition of thromboplastin 
in plasma freed of complement activity by aging by treatment with xymin and with ammonia It was 
concluded that inactivation of complement by these methods prevents thrombin formation svithout 
significantly impairing the activity of prothrombin 

CPE 

The Effect of Hepaein and Dicdmakol Anticoaoolant Therapy upon the Erythroctte Sedimenta 
T iON Rate S W Ctsptff From the Department of Medicine College of Physicians and Surgeons 
Columbia University and the Presbyterian Hospital New York City J Qin Investigation 27 435- 
438, 1548 

The Influence of anticoagulant therapy on the suspension stability of red cells was studied in 10 sub- 
jecu receiving heparin 10 receiving dicumarol and in 5 reapients of both drugs concurrently It was 
determined that in therapeutic dosages hepann and dicumarol do not significantly alter the er) throcyte 
sedimentation rate and that the results of this test are therefore not invalidated by interference from the 
cflecti of these drugs 

CP£. 


BLOOD PRESERVATION AND FRACTIONATION 

Blood and Its Dbrivativbs S T Gthsott From the Medical Chnic of the Peter Bent Bngham Hos 
pital and the Department of Medicine Harvard Medical School, Boston, Massachosects Neu Eng- 
land J Med 2^9 544'^56 and 57^89 1948 

This article with its bibliography of 381 references ser\ es as an excellent re'v icw of the large amount of 
work undertaken during the war years on blood preservation and the uses of its \arious products 

Some of the general topics dealt with are blood preservation, reactions to blood products (cspeaally 
*cniin hepatitis), procurement and fractionauon of plasma therapeutic uses of albumin and other plasma 

’-omponents 

^ C A F 
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l* PaiMefj tf Nntritiimal Durast B> Richard H Folus Jr Spnngfi-ld 111 C C Tho-iis 1=4*^ pc' 


76 

^ This IS a 


beautifully printed and illustrated work in which the pathologic diiturbarccs asio^iit-i w iih 
lonal deficiences arc dcscrib d The book is divided inio six 5-cticn< d-alirg J v 

the essential elements the essential ammo acids the fat ar- wat" sv _ - v ts 
ids, and the pathologic anatom) of cifi' 

-I superb illustrations both of gross anJ hisiil ''gi nii-'ial Tb" tv 
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Twenty new botn tn/ants were ibnnd to have a hj^h capillary rcjistancc, about 50 ccntmietcrj of mer 
cury Among 16 premature infants, only 5 had a similar increased resistance, while ii had a lower rens- 
ta nee, and a. of the latter group ft wins of 550 and 50a gnms birth wagbt) had only 3 and 10 centmictcfi 
of mercury The escnloside givco to the mother during the labor seemed not to be effective on the capil- 
laty resistance of the child 

In conclusion, the authors believe that estrogen plays a great part m the capillaiy liagihiy cf preg 
nancy and believe chat the a dm i ni straDon of folhcnlio to premature infants is not without danger 

Thme-Staou Analtsis or Btooo Coaoduatiow / H Militm From Department of Pathology, Yale 
University School of Medicine New Haven Coon J Gen Physiol }i 301-31^, 1348 
The blood-clotting mechanism has been analyzed by a proccdorc which devotes a separate cspeninen' 
tal step to each of the three prtmaty reactions The activation of prothrombm by thromboiemase fol 
lowed the course of a unimolecular reaction The activation of prothrombokinase involved an aoto- 
catalync reacuon 

OPJ 


AccEtiHATOR GnoacriJN and ANTiHEiiorHttjc Globchjn in TnaosnuN FoairATiON raosi Ayi Pao- 
THaostBiN AND IN HEstopmuc Blood J H Fergnsm tmi J H Lnuti From the Depanment of 
Physiology University of North Carolina, Chapel Hill North Carolina Proc. Soc. Eipm Biol A 
Med <> ZZ8-Z3I, 1948 

A series of in vitro experiments are reported designed to characterize more completely an accesioty 
clot promoting factor variously designated as labile factor (Quiet), factor V (Omen) and ictel 
crator globulin (Ware Guest and Seegers) This factor, present m fresh plasma afpiteitlf 
potentiates by some mechanism unrelated to the plasma protease system, the canversion of prothrombin 
to thrombin in the presence of active thromboplasun and the calaum ion Tests conducted with a pun 
fied fraction of bovine plasma containing the factor demonstrated a loss of potency with aging its de 
tenoraaoD under these conditions occurring independently of prothrombin inactivaDon Apphed in 
the fresh state however or after storage in the frozen state, this faaor effecovtiy restored the oog 
acuvity of aged prothrombin preparations 

The factor is possessed of no antihemophilic properaes, its acoon being unrelated to that of tbom 
plastin or any of its precursors or aenvators A naturally occurring deficiency of this plasma 
believed to be the basis of a specific bleeding disorder, Owren s disease, (Lancet z/z. 446 zjl?) 
distinguished from hemophilia idiopathic hypothrombinenua and other hemorrhagic syndromn 


Activation or Plasma THaOMBOPLAsriNOOEN and Evidence or an Inbibitoe A J 2“ 

StifoTttni From the Department of Biochemistry, School of Medicine Marquene mvcnity, 
wautee Wisconsin Proc Soc Eiper Biol A Med <7 111-111,1548 thcenzT 

The first reacoon mv olved in the mechanism of blood clotting according to ^ consotuent, 

mauc conversion of the thromboplasuc precursor thromboplasunogen, a norma p a 
to active thromboplastin through the agency of a platelet fanor^ In hcmojAilia uorrozl 

related primarily to a defimency of thromboplastinogen, the platelets in thismsor Ju 

clot promotmg acuvity when added to dqplateleozed normal plasma, Evi ‘S ° ^ juniophiha 
vesugauon zy 814 1946 and Saence z«^ 473. ^ ,n,pjrii to the 

IS occasionally compheated by the appearance of an inhibitory factor in the b 

lauer anticoagulant properues „.mnhiirus. The pro- 

A case IS described m which a hemophilia like disorder devclop-d 0 the pres 

thrombin acuvity assayed with serial diluuons of thromboplasun markedly prolonged 

ence of an antithromboplastm The clotting umc of this I”'*™” abnormality was pre- 

morcover it was cssenually unaltered by the addiuon of normal blood, . ^ „ of the 

sumably not attnbutabic to a defiaency either of throraboplasunogen k , 

platelet faaor Smee the clotting time of normal blood was „^urements of proihrombm 

blood It is assumed that a clot inhibitor was operauve Final y 
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activity la the hemophiliac like bloo< 3 i and in combinationa of the latter with nornul blood demon 
ttrated only a slight consumption of prothrombin in the course of the clotting process, it is concladcd that 
the effect of this inhibitory agent was to impede the conversion of thromboplastinogcn to thromboplas 
tin An cjplanation 15 thus afforded for the failure of certain patients with hemophilia and hemophiliac 
like disorders to respond satisfactorily to transfusion therapy or the admimstration of antihcmophiliac 
globulin 

CPE 

Relation of Complement to Btnoo Coaoolatiom f* D Mann ami M Hum From the Division of 
Clinical Laboratories, Ma^o Qinic Rochester Minnesota Proc. See. ExpT Biol & Med (f/ 83"®5 
1948 

The role played by complement in the conversion of prothrombin to thrombin was studied by means 
of one and rwo^tage assays of thrombin production after rccalcihcation and addition of thromboplastin 
in plasma freed of corapicment activity by aging by treatment with aymin and mth ammonia It was 
concluded that loactuation of complemeoc by these methods prevents thrombin formation without 
significantly impairing the acnvity of prothrombin r* u p 


The Effect of Heparin and Dicomarol Anticoaoolant Theraft upon the Ertthroctte &dimenta 
■noN Rate S IV C^igriff From the Department of Medicine College of Physicians and Surgeons 
Columbia University and the PresbyTcnan Hospital NcwYorkDtyJ Qin Invcsugation a? 433- 


438, 1948 , 

The influence of anticoagulant therapy on the suspension subihty of red cells was studied in 10 su 
jeets receiving heparin, 10 receiving dicuroarol and in 5 rcupicnts of both drugs concu^ y t 
dctemined that m therapeutic dosages, hepanu aod icumarol do not si^ific^dr a] w the 
sedimentation rate and that the results of this test are therefore not invalidated by interference from the 
effects of these drugs CP^ 


BLOOD PRESERVATION AND FRACTIONATION 

Btoon Its Duatvartves . T Cifreu From the MedicJ Chme of the 

pital and the Department of Med.aue Harvard Medical School. Boston Massachusetts Ness Eng- 
land] Med a/v 544-556 and 579-589 „„ ^rrllent tenesv of the large amount ot 

This article with its bibliography of 381 references serves various products 

work undcruken during the war pears on blood preservauon an i e uses o ^ (esp-cialty 

Some of the general topics dealt with are blood 

scrum hepatitis) procurcmcoc and fracttonation of plasma pc 

components C \ F 
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Til PutboUfj tj Nutmimal Disiast B} Richard H Foixis J» Spingfield III C C Th 

This IS a bcautifullj- printed and illustrated work in s'hiA j—noei d-ih'C ' 'h d”' a-v 

'anous nutntional dcficienccs arc desenb'd The book 1$ i'i 1 ° .u.'t,, ,-d \Mt- --'--'iJ 

■l^aences in general the essential elem-nts the essential am.no aads th fat a -1 

Wins, the essential fatt) acids and the pathologic anatoms o sp Cl ‘ -i — s’ ir-e‘'a’ 

There arc 791 references and 7. luperb illustrations bo h of gro.s anJ hisro -i 
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been need for soeb a carefolly conceived worL and the boofc ts recommended highly to nnmuomstt, 
jntcniistj, tiid pathoJogisrs 

WlLUAM DaMESHIX 

El Dta^ncstro par la Euruton Canpjtsnar x^4j By G Fobteza Bove*. VaJenaa Editorial Saber, 1548 
In Spanwh, 146 pages 55 figures m black and white 

Id refemog to the history^of lytnph oodc ptmccurc, the author points out that although it had been 
rcconuncndcd as a fncaos of diagnosis in isolated cases since the beginning of the century it had cone 
into general use only following the publtcatioos of Ellis and Martin (1530-1534) in the United Suta 
and of A Pavlovsky of Bacnot Aires 0953~54) Thereafter well documented monographs by Lutroni 
Weill Suhcl Tischcndorf, Lcitmcs and others appeared 

Utilizing the technic rccomiDcndcd by Pavlovsky, Foneza Bover presentj lus experience beginning 
by dctcrtbing in detail the cytomorphology of oonnal and hyperplastic lymphatic tissue. The disorders of 
lymphoid tissue arc then dtsenbed beginning with the simple hypcrplasuc processes There ar' cxaJlcnt 
illuicrativc photomiaographs and colored places 

In tuberculous adenitis, four stages are described (i) initial tuberculous hypetplasu, (z) granuloma 
tous transformation with necrosis and the presence of Langhan s giant cells with necorosw (3) caseous 
necrosis and (4) purulent efi'ostoo Careful descriptions of Bocck s sarcoid arc given with 6gurcs h 
luscrating the difficulties in differential diagnosis from tuberculous ademos 

The author s studies of Hodgkin s disease are in agreement with those obtained by previous workers 
who have utilized similar diagnostic technics In lymphosarcoma the cytologic characters of tumor 
formation are well depicted However, m the diagnosis of follicular lymphoblastoma, the author con- 
siders the cytologic picture as being nonspecific and requiring an open biopsy for a definite diagnosis 
The pictures obtained in meustatic malignancy arc of great value and Stahtl 5 descnptiofls of the 
cellular elements which permit diagnosis arc followed 

This book IS well presented with good docufficntinon and some excellent color plaro There are 
some original observations m Bocck s sarcoid and comprehensive and detailed studies of Hodgkm * 
disease The book is recommended particularly to those who wish to become acquainted with the techo»c 
of and results obtained from lymph node puncture and study of the adenogram 

Auaino PAVur.'in' 


Nfto Statmn^ l^thods %n HematoUpj IP4S By J Gauoa Blakco and G Forteza Bovh Valencia 
tonal Saber 1948 In Spanish, 93 pages 19 plates in color and ii cograviDgs in black 
The authors d*scnbe staining methods which were at first used hisiochemically but which were atcr 
applied to studies of the blood and bone marrow 

The various oxidase methods arc described The use of tctrabromophcnotulphthalcin or JW 
hematopoietic tissues is described for the first time used both singly and in combination wit 

In the method which the authors call T F^ (Ncosina) they utilize tetrabromophcnosnlp ^ 
retain the cellular structure of the vanous tissues T F.S app-ars to react with the simp c 
prostbeue groups of the cellular structures causing color combmarions which tchich 

point of the substrate They also use the combined method with cosin and mz y coc uc 

beautiful ccmcrasi pictures arc obtained used and is ex 

This book IS carefully and dearly written with exact descriptions of tac . ---fQ„njE to th- 
ccptionally well illustrated The excessive detail m the describ'd technics is sorww presenting 

nmnitiatcd For this reason it onfortunatc that the anchors did not wmp cfc ei ^ 

a prease critique of the different staining technics, thus advising which o t 


application in a givcminscancc 


AtraitioPAVLontT 
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URETHANE (ETHYL CARBAMATE) THERAPY IN MULTIPLE MYELOMA. 

By J Philip Logs, M D , and R Wayne Rundlbs, M D 

TNTEREST in the growth-supprcssivc properties of the carbamic esters, known 
-L for many years from general biologic studies, was renewed in 1945 b> the in 
vestigations of Tcmpleman and Sexton * In studying the effect of cthy p cny 
carbamate on the growth of plant seedlings, they confirmed the car icr wor o 
Leftvrc showing that this chemical retarded or even arrested plant growth, with 

various structures undergoing bulbous hypertrophy Cytologically it appearc t a 

mitosis was blocked in pseudometaphase, leading to the irregular omation 
monstrous nuclei Haddow and Sexton* then studied the effect o 1 crent 
bamic esters on experimental animal tumors They found that t c common u 
thane, ethyl carbamate, was the most promising compoun t pro ^ ^ . 

ent increase in mitosis in normal tissues, and a significant rctar ation in t ^ 
of spontaneous mammary cancer in the mouse and m t e growt o t 
rat carcinoma Z56 The histologic structure of the tumors was pro oun ^ 

Clinical trials using urethane and isopropyl pbeny car amatc in 
of advanced inoperable cancer were then underta cn me i 
served in a few cases but the results were generally disappointing ^ 

however, that a fall in the leukocyte count occurred with 
experiments were then modified to include mycloi an \%a\-sto 

Here the effects were vastly more pronounced, indeed compara p 
those obtained by roentgen irradiation ’ Following t c repo 
Thomas, Haddow, and Watkinson,’ urethane began to c the world 

treatment of leukemias and widespread tumors in clinics ^h^out the or W 
The therapeutic limitations of urethane have become f 
widened In disseminated cancer, in spite of an occMiona ^ irradiation rc- 
no benefit from this therapy ‘ ' In localized ]>mp oma , imrro\c- 

mains the treatment of choice ” In acute leukemi^, t ® prohahh less 

tnent < In chronic leukemias the net clinical bene t in ma \\hich ex- 

than that obtainable by standard methods of for chances 

ceptional therapeutic results may occur, however, is P , appear to be uniqce 
have been observed following urethane administration t P 

in the therapy of this disease 

From the Department of Medianc DuU Umverun School of Mrdior arJ 

*00 DuLc Hospital Durham, North Carolina 

This stud^ was aided b} a ^anc from the Anna H Hanes 

-01 


XOl 


URETHANE THERAPY IN MULTIPLE JkfTELOMA 


The major features of multiple myeloma have been reviewed recently by Bayrd 
and Heck“ and Lichtenstein and Jaife '* It is a uniformly malignant disease pro- 
gressing to a fatal termination in an interval varying from a few weeks to some 
times several years The disease results essentially from the excessive prohfera 
tion of abnormal plasma or myeloma cells within the bone marrow Anemia, 
leukopenia and at times thrombocytopenia result Skeletal support becomes scr 
lously impaired as the bones soften due to diffuse dcmineralizanon or to the for 
mation of multiple areas of osseous destruction showing viituallv no detectable 
attempt at repair A complex abnormality of the body proteins is a feature of the 
disease being manifested by abnormally high scrum protein values, hypcrglobuline- 
mia and often Bence-Jones proteinuria Grave reni disease is a commonl) asso- 
ciated finding 


Many different types of therapy have failed to alter significantly the climcal 
course of multiple myeloma Roentgen irradiation, which has been used exten 
sively, IS fairly effective in relieving localized bone pain ” ’• Radioactive phos 
phorous, likewise, may relieve skeletal pain but even with doses large enough to 
produce leukopenia and thrombocytopenia there has been no overall improve 
raent A few patients with muluple myeloma have been treated with nitrogen 
mustard compounds but the results have been disappointing Myeloma cells 
do not decrease in number in the bone marrow and there is no change in the histo- 
logic structure as observed in serial biopsies 
Another approach to the chemotherapy of multiple myeloma was introduced by 
Snapper’^ “ who used injections of stdbamidinc and pentamidine combined with 
a diet low in animal protein Symptomatic improvement and even bony rccalcifi 
cation was noticed in some pauents Myeloma cells persisted in the bone marrow 
without quantitative decrease, however, as did Bence-Jones proteinuria and hyper- 
globulinemia Relapses occurred Serious toxic reactions limited the usefulness of 
the diamidine compounds Antimony compounds were used by Rubinstein” with 
similar results 


Reports of urethane therapy in patients with multiple myeloma arc few Pater 
son and her co-workers’ observed no improvement after giving urethane to i 
patients with multiple myelomatosis Berman and Axelrod’ gave 72. Gm of ^ 
thane to a 51 year old man with multiple myeloma but discontinued therapy w en 
leukopenia developed Hypcrglobulinemia and Bence-Jones proteinuria was un 
changed Scnal x-rays showed no change Alwall” used urethane in the 
of two patients with multiple myeloma To one who complained mainly o s c eta 
pain he gave 3-4 grams of urethane daily for three months, without notica e im 
provement Stilbamidine was then injected intravenously and ^ 

promptly relieved of pain Other aspects of the disease were not affccte * j'’° 
patient whose complaints related to anemia was given urethane a one 
served over a penod of eight months The anemia, albuminuna, 
mia, and rapid sedimentation rate all improved considerably dunng t 
months of treatment and myeloma cells could no longer be found in the 


marrow 

This spectacular but isolated result suggested to us a more 


extensive and jiro- 
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longed trial of urethane therapy in multiple myeloma We have now studied the 
early therapeutic responses of 4 patients to urethane during observation and follow- 
up periods ranging from seven to thirteen months Other types of specific therapy 
have been withheld The detailed case histones follow 


Table i —Ost 7 C P H, Hemattltiie FinJinfs 


Date 

1948 

Hgb 

RBC 

WBC 

Hemato- 

crit 

Reticulo- 

cytes 

Plate 

lets 

. 








(7« /rr 

/« CC0 

mill 

ptr 



% 

sands 

ftf 






c mm 

1/30 

8 I 

1 7 

9750 

’■S 

I 6 

1000 


Bone Marrow 

Plasma cells 38 neutrophils i. 



monocytes 0.5 lymphocytes 0 5 


i/i8 

7 1 

1 4 

10350 

11 

1 7 

480 

i/ai 






316 

Vis 

£ £ 

1 3 

19000 

10 

I 6 

3/j- 

7 0 

1 4 

6150 


« 5 

53° 

3/3 

£ £ 

1 5 

1900 

XI 

4 j- 

5 £o 

3/16 

7 0 

X 8 

i6oo 

M 

8 7 

IIX 

3/16 

fi 5 

X ££ 

3000 

13 

3 i 

4x8 

4/3 

9 3 

3 I 

3500 

19 

6 0 

1330 

4A9 

9 1 

3 t 

4900 


£ 9 

601 

Bone Marrow 

Plasma cells i, neutrophils 9 


stabs 16 metamyelocytes <), myelocytes 


to. 

myeloblasts 3 lymphocytes x, mono- 


cytci I, macrophages i, rcaculum cells 3, 
connophils i, erythroblasts 5, basophihc 


normoblasts 15, aadophibc normobla 

5t5 13 

4A3 

II 0 

3 9 

6loo 

37 

5 I 

49° 

sAi 

II I 

4 3 

5350 

36 

J- 7 

£88 

®/4 

II 8 

4 3 

8450 

38 

1 0 

6 /t8 

“ s 

4 I 

4500 

38 

I X 

781 

10/15 

14 0 

5 05 

£550 

44 5 

X 0 



DIffcrtnU»l WBC »nd tbmpy 


Ncntrophils 41, stabs 8 metamyelo- 
cytes 6, myelocytes 3, myeloblasts 
I, lymphocytes 30 monocytes 7 
plasma cells 3 normoblasts 3/100 
WBC 


Vrt7b0nt 6 Gm./day 


Unthtru I 5-1.0 Gro./<lay 
(110 Gm 5 


Neutrophils 7' 3 lyntpl"®- 

cytes ao, monocytes 6 


Case Reports 

C0»7 C F H, Umt Ne B-a/r/e This 41 year old coloi^ Thr^gan to have chest pam 

uiuaty is, 15^8 Her health had been good until sia mootnt w ^ ^ 

'hen coughing or when pressure was exerted against er ri 5 j her hips The slelctal pain 

’onths she was forced to quit work because of pain along ^ ci. ,0 vialk or even get out of bed 

’^d Fogressively During her last month at home she was unable 

he lost about ten pounds in weight well nounshed colored ooman urabl- to 

Physical examination shossed her to be a 'veil des ^ ’ p-^ore over the sternum nbi and ip nei 

“ore about on the examining table without acute disM CTi . disclosed no rclevar: al-t- 

f the vertebrae was exquisitely painful The remainder of the examination disci 

an-mia 

Examination of the pcnphcral blood »ho«xd that there ftablc i) Roaleanx ^ai 

''oc)-tcs plasma cells and nucleated red cells m the arculating 
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conspicuous in the blood films UnnaJj-ns showed a smJJ atnounc of j^tcin and a trace of Bence Jonts 
protein The excretion of phcnolsnlphonphthalcm dye was not impaired Serologic tests for syphilis 
were negative TTic scrum proteins were 13 a. Gm, per loo cc. with 4 Gm of albumin and 9 x Gm of 
globulin on one detemunanon and 10 Gm with 34 Gm albumin and 6 6 Gm globulm on another 
Ccabic 5) The blood calaum was 12-4 Gm per 100 cc., phosphorus 3 6 Gm , and alLilinr phosphatase 
3 I Bodaosky units per 100 cc. A bromsn l falcin test of liver function, using 5 mg of dye per kilogram of 
body weight showed 7 per cent rctenuon after 45 minutes Roentgen cxaminanon of the skeleton (6g i 
A and B) showed pronounced generalized dcmmcraliiation with small and large areas of non-ttactivc 
destruction in the skull nbs, vertebrae pclvu and long bones There was partial collapse of the ninth and 
twcJth thoraac vcrrcbnac. 

Bone marrow vns obtained by sternal aspiranon The bone was so soft that there was almost no re 
sistioce to insertion of the needle In the tratged films the marrow was exceedingly ccliultr In most areas 
there were virtually no celts other than abnormal plasma cells (fig 1, C) These varied from the sue of 
the ordinary plasma cells to some two or three tunes as large Many had double or triple nuclei The 
latter contained one two or even three pronunent nucleoli, some as large as one half the diameter of the 
nucleus 

The patient was admitted to the hospital on 1/18/48 for a trial of urcthaoc therapy The drug was 
tolerated well in divided doses by month and between a/ii/48 and 3/9/48, 85 Gm were given A lcnlu> 
cytosis of 19 000 developed on the fourth day of therapy The white blood count then gradually fell to 
0,900 on the sixteenth day Urethane was withheld for seventeen days after which it was resumed m a 
dose of 1 5 to X Gm per day untU another 35 Gtn had been administered During the first two weeks in 
the hospital her temperature ranged from 37 C to 38 3 C with one nsc to 39 6 C Afterwards her temper 
aturc was normal Bone pain gradually became less until she was cnorcly com/oitabJe while resting in 
bed After one month m the hospital she was able to return home. There she gradually extended her 
activity until she could sit at the table with her family for meals and walk by holding to hrmtarc 
Pam of soaac radiation developed after a period of over cxcroon but this snbsidcd when her aewnty 
was again re s tric te d Three and one-half months after the beginning of therapy she was able to walk 
unaided and without difficulty 

The peripheral blood values (table x) showed progressive improvement following the adminjuracjon 

of urethane Immature granulocytes plasma ccUi and nucleated red cells disappeared in a few weeks froni 

the circulating blood After two months of therapy the bone marrow was re-examined An exceeding y 
ccUnlar marrow vpas again obtained but the predommant cells were now normal crythroid and mycloi 
elements (table 0 Scattered through the films there was an occasaonal small closccr of plamia 
altered m morphology (fig i E) Their cytoplasm was now irregular in contour, stained a 
and often contained light areas suggestive of early vacnoUzaqon. Thor nuclei were ^trenwy 

and pyknotic, Basopfuiic granules m the cytoplasm such as occur following stilbami c antimo^ 

thcraf^ were not presest A few of the plasma cells had developed mto giant forms near 
megakaryocytes (fig i D) The total nomber of plasma cells comprised but 2J> nmben 

marrow cells Megakaryocytes many showing platelet formation, were present m a 

Other marrow citments were not dctcctably abnormal pUsma 

On a chcck-up examination three and one half months after the beginning « ^ fabJc 5) The 

protons h»d faUen to 8 i Gm po loo cc., with 5 o Gm albomm and 3 i Gm f tninnto 

brornsnl/alein test repeated as before showed bat a trace of the dye lanauun^ m ^ ^ 1.9 ntj 

The alkaline phosphatase was 6 7 Bodanslqr antes caIanmio.£mj pefioocc,«n pn 
Bence Jones pcotemuna and albnnununa were not present pmphetal blood 

Improvement m her general health continued daring the foUowmg five ,l^onnal nombers 

values became normal (table i) Repeated bone marrow .bowed gradual 

or types of plasma cells The blood chemical values remained muiangen 0 ^ abdominal pam 

recalaficauonofthcvmebtae {kIvis and npper femora She began to co.^ ^ 

nuluiting mto her nght thigh and exammattons showrf “ tnfiltrated with a ftohy 

urents A laparototy was petfonned and the “TTlater of uncontrolled hemorrhage 

r^ropcntoneal rumor Resecnon w« att^pted She '^^JjTeaantmaaoa of the rereeted t.nue 
nine months after the beginning of urethane therapy Pathologic eaamin 

showed it to be a myeloma tumor 
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Fio I Casei CF H Unit No B-15150 

A &B Roentgenograms sho\ving extensive bony dcstracuon ID ribs \Trtcbrae pc PT^ 

femur* and skull before treatment of ab- 

C Photograph of aspirated sternal raarron before tteatment (X too) 5 owini: prepon 
DOTTnal plasma cells f ■ ^ 

D Monstrous ibnomul plasma cell (X 600) in aspirated s emal marross - months ter pni c 
orcthanc therapy < n fv 

E Qumped plasma cells with dense cytoplasm and pjknotic nuclei in sam- spea 


URETHANE THERAPY IN MULTIPLE MYELOMA 


following month* In March, 1946, she found that her weight was ten pounds below her average An 
anemia with blood values about 50 per cent of normal was discovered and it was thonght that she im- 
proved for 2 time with vitamin and liver therapy Two or three months before her hospital admission, 
she became more or less constantly uncomfortable due to sharp stabbing pains pamcolarly about her 
shoulders and trunk Her family phyiiaan after admitting her to a local hospital found that she hid 
fever, anemia, albuminuria and skeletal dccalcihcatioo Two blood transfusions were given Multiple 
myeloma was considered as a diagnosis but since Bence Jones protein could not be found m the untie a 
tentative diagnosis of hyperparathyroidism was made 


Table a. — Cast 2, A K,, HtmafeUitc FtaJtnis 


Hgb RBC WBC 


Differtutul WBC and therapy 


^ooe Marrow Plasma cells 35 neutrophils 
16, stabs 16, metamyelocytes 14 myelo- 
cyte* 3 promyelocytes i erychroblasts x, 
normoblasts 11 


3 4 6150 

19 0 5 

15900 


7550 


0 

0 

■v* 

rl 

r*% 

19 1 I 

3 7 7300 

31- I 3 

4 0 9350 

36 X 3 


Bone Marrow Plasma cells 7, neutrophils 16 
stabs 16 mctamyclocyrcs 8 mycItTcyres 6, 
promyelocytes 3 lymphocyte* 9 cosmo- 
phils a, reaculum cells 3 erychroblasts i, 
normoblasts a^ 


9 

5 9 11050 

36 

1 0 

671 

a 

3 9 10850 

36 

a. 7 

310 


Bone Marrow Plasma cells 4, neutrophils 17, 
scabs aa, metamyelocytes ax, myelocytes 3, 
mycloblasc* 3 lymphocytes 5, cocoophils 
a, renculum cells 4 basophilic normoblists 
5 aadophilic normoblasts la, crythro- 
blasts I 

la 9 I 44 I io6oo I 40 I I o j 1900 


Ncutrophfls 70, lymphocytes 17 
moDotytes 13 


I Urtthant 4 Gm /day 


j(a4o Gm.) 


NcutrophJf 7^ ^ 

cytes 6 monocytes 14 eosiaop J 


Physical exammanon showed the panent to be a poorly nounsbcn aw 
woman Pressure over the lower nbs was painful The liver edge was paifw 
margin There were no enlarged lymph nodes or tumor nusms „aiu» (ubk r) Tbere 

Eximmiaan of the pcnficral blood showed a nonnochroinic ^ „ ,n d,c urine and 

was marked rouleau formation in the Wood films There was a Serolos.c ton for 

on some occasions a smaU amount of Bence Jones protein could be ^ 

ryphths were negauve The serum proteins were 8 Gm pcrioocc jnJ the alkaline phospbitaK 

c , Gm The Wood calaum was 9 i mg per roo cc phosphorous 3 ° j « kilogram of bodf 

r 7 BodanskT units A bromsnlfalein test of hver function » “^^tbalcm tot of renal funenon 
woght showed ro per cent retention after 45 ^ phcnolsuipn 
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showed an acrctaon of 40 per cent of the dye in two hours Roentgen examination of the skeleton x, 
A) showed generalized, ponched*out destructive lesions in the skull ribs scapulae spine and pdvis 
There were questionable areas of bony destruction in the upper end of the nghc tibia There was no 
collapse of the vertebrae Bone marrow was obraincd by aspiration from the sternum and from the 
spinous process of a lumbar \ertcbra Thirt> fi\e per cent of the marrow cells ^vere immature and ab- 
normal plasma cells (6g r, C) 



Fio r. Case x , A R Unit No C 19679 

A Roentgenograms of skull showing multiple small areas of bonj" destruenon before 
B Repeat roentgenogram seven months after beginning of treatment shots mg no progression 
lesions „ 1 1 „ 

C Photograph of aspirated bone marrov (X 600) before treatment shosving 35 r 

D Photograph of clumped plasma cells in aspirated marrou three months after b-ginning of untthan 
Plasma cells were reduced to 4% sMth sariauon in sire and altered staining reaction 



tolerated : 

njonth 1 

dall) 1 ^ 

gain weight and s\as able to return home She was seen therea ler at reqe c ’ 1“ >- 

aminations After a few more weeks her temf^ature mmained noi^l 

STCssivel) Ctablei) The urethane was discontinu'd after two mo-ths of cmti u ' ,, . 

doscofMoGm had been given Reexamination of the bo- ma'tmwh^ ^ ^ 

of thcrapj showed that the plasma cells '\'crc reduced to - per cr * 

not notabi} abnormal 


xoS 
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Sc\cn monthi after the stare of treatment the had gained lo pounds in weight She considered her 
general health better than it had been for several yean She was able to do all of htt work at home exc-pt 
the heaviest tasks Physical cxatnination at this time showed no abnonnahties B*occ Jones protein 
could not be demonstrated in the urine The serum proteins were 8 8 Gm. per loo cc as before but the 
albumin was now 440® and the globulin } 6 Gm (table 5) Repeat * ray Sims of the skull shosved 
that there had been no progression in the bony lesions Multiple areas of rarefaction remained (fig x, B) 
Bone marross was aspirated from the sternum for the third time The ccllulanty was within range of 
normal with a total white cell count of 131 ooo Four per cent of the cells svere plasma cells These vaned 
in size to an unusual degree from about 10 to 50 microns in diameter (fig r, D) Their cytoplasm svas 
somewhat indefinite as to boundary and their staining reaction varied from dark to pale blue from cell to 


Table 3 — Curr j S J C C~2S64j FtrtJin^j 


Date 

194 S 

Hsb 

RBC 

WBC 

Hemato- 

ent 

Keticalc 

cytes 

h Plate- 
leu 

Differential WBC and therapy 


Gm ptr 
IQO cc 

mill 
Ptr 
c mm 



% 

/Am 
smds 
per 
c mm 


1/14 

7 1 

i 3 

5000 

XI 

4 0 

i >4 

Ncocrophil* 60 stabs 4 mctamyclo- 


Bone Marrow Plasma cells 68 neutrophils lo, 

cytes 1, myelocytes x, prora)xIo 


1 stabs X, metamyelocytes i 

COSIQOphlis 

cytes X, lymphocytes 16, monocyics 


basophils 1 

lymphocyces 3 

mooocyres i 

4 normobJasis 4/100 


normoblasts 





3/3 








3/4 

6 9 

X 1 

4450 

10 

3 4 

880 


3 /s 

6 4 

1 5 

5100 

XX 

3 >■ 

915 

Urethane 4 Gnx/day 

3/>5 

7 5 

1 5 

4350 

1-3 

6 9 

XO4 


8 fi 

»■ 9 

3150 


0 4 

150 


3/16 

8 1 

J- 9 

1900 

H 

4 6 

75 


4/5 

8 3 

3 o 

3650 

17 

3 ° 

1000 

Urethane 1 Gm /day 

4/16 

9 o 

1 7 

3000 

J -3 

5 ° 

590 

(168 Gnx) 

5/10 

9 5 

3 ° 

3600 

L 7 

7 3 

>ofi 

Neutrophils yx, stabs 4 Jv/upbo 

cytes 14 eosinophils x, monocytes 

8 
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cell Basophilic granulation was not present The nuclear chromatio stamd / 

coarse clumps The appearance and distnbuuon of the remaining marrow eJe , ,0 full time 

A check up examination at eight months showed no essennal eban^ i contained a 

work in a hosiery mill The blood values had conunued to irafmove 

trace of Bence-Jones protein A phenolsulphonthalein test showed an eicten Sir- 

in two hours The alkaline phosphatase activity had become slightly el^ Bence-Jones protein in 

A few weeks later she felt feverish for a day or two ^,^Gm ofureihan' 

the urine and an increased number of plasma cells in the bone was first b-gun 

ui a month s nroe On a check up examination thirteen months after 
she was worUng foil ome and there was no cvidecc of further relapse 

amirffd to Duke Hospital on Febru 

Cas, ,,SJC UmrNc C 2SS4) This 54 year old electnaan wasato 

arvi3 19^8 for the investigation of anemia ““7? pj^aayi be became weak pil- 

wwbng regular!) until four weeks prenously w^ He had pam about th' lowr 

rnd unablefo exm himself physically without becom.ng short of breath 
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nbi on the nghc side that was made worse by breathing and coughing His symptoms became progres- 
sively worse During the week preceding hii hospital admission he was quite drowsy in the afternoons, 
had little appetite, was often nauseated and vomited once or twice He found that he slept better at night 
when using two or three pillows Early in the morning of the day of his hospital admission he was 
awakened from sleep by acute dyspnea 

Physical examination disclosed a pale, overweight white male, obviously ill His blood pressure was 
135/80 mm of mercury Two small flame shaped hemorrhages were visible near the right optic disc His 



Fio 3 Cases 3 akd 4 

A. 3. S J C Umr No 0^8643 Roentgenogram of .tull before treatment .hotvmg mult. pie 
Iwgc and small arcoj of bony dcstruaion i, i„, .-rirmur 

B Cose 4,0 M R UmtNo C-17783 Roentgenograms of stull shots.ng s.m.lar but less ea.enme 

bony destruction r 

c and D Photograph and lateral roentgenogram of myeloma cell tumor o sternum ca - 


Heon was slightly enlarged There was a moderately loud systolic murmur at the ai« and the 

.ound was doMci Thfhvcr edge svos felt 5 cm bclots the right costal margin The tip c the ,p -n 

"•ospalpablc There was slight pitting edema at the onUcs ^ SMih ir-'-atu - 

Uboratot) studies shotvfd tLt he had a sewere notmochto^ n Lh an 71 »ir-d n-s 

PMuloc} tes and nucleated red blood cells m the circulating blo<^ necat.re Ses-al un-sU%es 

there was conspicuous rouleaux formation Serologic tests or syp ii -kI rh— icil d-ierr-i'-iti 

•howed heasT prote.nuna and granular cost, but no Bence Jones protein eh « 

.howcdtheNPNtobc35n.sVr.cocc total,.otc.n.S5mc '.c : 

phcnolsulfonphthalcm test showxd impaired renal function Uil-n ic/ r' Ii'" ' 

■n fifteen miLtcs and a toul of 40 per cenr m two hours TTie b omsulWe n In _ fc _ 

°«'ng 5 mg of the d)c per Lilogram of bod) w-eight showed onU a trace 
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minor in October 1547 During tbc next few tnontb$ he hsd far less pain about the stemum but the nuuor 
mass did not decrease in sue 

He was recalled for a checL up examination on April ix, 194 ® -^t that time he complained of more 
pain than on previous occasions, cspeciaUy when he exerted himself physicaJIp Ihc discomfort was noted 
particularly over the left upper humerus, about his ribs and sternum Physical examinaoon showed no 
obvious chaages Exami nation of the blood showed that there had been some deterioration 10 the blood 
values Ctablc 4) A specimen of bone marrow from a spinous process was again examined and 3^ per cent 
of the cells were abnormal plasma cells The serum proteins had risen to 10 i Gm per 100 cc. with al 
bumin 1 9 Gm and globulin 7 x Gm Stable 3) X ray films of the chest stull left humerus and stemum 
showed little definite citensiofl of the areas of previous bone destruction 

The administration of urethane was started on April 13 1948 with a dose of 4 Gm per day by mouth 
During thenext four weeLs his pain became gradually less except about an area on the lateral chest wall 
where a ntrhad apparently been fimetured during the maneuvers mcident to malting roentgen films Ex 
aminacion of the blood shotved char a leuhopenia had developed An mcicascd number of plasma cells 
was stiU present m the bone marrow but they tvere now larger in sixe and their cytoplasm mote densely 
seamed Their nuclei were extremely eccentric and the chromatin was aggregated mto dense clumps 
The administration of urethane was continned at home under the supervision of his famdy physician 
The Iculopenia persisted but became no more severe Without notable trauma another nb fnetare oc 
curred and severe pain developed about one hip He was admitted to his local hospital and the pain sub- 
sided at bed rest 

The urethane was used somewhat irrcgnlafly On a chccl. up examination three months after tbe 
beginning of treatment he considered himself definitely improved Urethane was discontmued and fur 
two months he was virtually free of symptoms Skeletal pain then gtadniUy reappeared and he did not 
return for further treatment He died at home seven months after the hegmnmg of urethane therapy 


Discussion 

Multiple myeloma is a malignant disease resulting from the excessive pcohfera 
tion of abnormal plasma cells within the bone marrow The ditucal course is var- 
iable, as judged by the length of survival of individual patients, but uniformlj 
progressive and ulamatcly fatal There is no evidence that real spontaneous te- 
missions occur 

Therapy m the past has been unsatisfactory The commoner agents useful m the 
treatment of the lymphomatous diseases, roentgen irradiation, radioactive ph^ 
phorous, and mtrogen mustard compounds, have litdc demonstrable effect be 
yond relieving pain in some individuals Stilbanudinc, pentamidine, and antiffloaj 
compounds have been reported to relieve skeletal pain and produce apparent ) 
specific granular changes in the cytoplasm of the myeloma cells 

The 4 patients included in this study illustrate many of the vanablc mica 
features of multiple myeloma, la Cases i and 3 the disease was rapidly progr«si'f 
In the orher two it was progressing slowly Case 4 was thought at first * 
solitary myeloma cell tumor of the sternum Examination of marrow obtained irom 
other bones showed the disease to be generalized The major effect o 
therapy to the sternal tumor was rehef of pm In Case i the predominant 
was a devastating skeletal disease Metastatic carcinoma was 
possibility, as it frequently must be, in the diffcrenti^diagnosis ^ 

EL ot L,ac fatoa p=»p.,.«a b, “El. 

complicated the diagnostic poblcm The finding chat the the 

(a.l», howavar, a.d occ»«.« »f 
circulaung blood led to a bone marrow examination and th O 
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cdl overgrowth There was no skeletal pam and roentgen films showed significant 

bnormah tics only m the skull In all patients the crucial diagnostic information 
was provided by examination of the bone marrow 

The treatment adopted in these eases was entirely empiric The methane ssas 
given in divided doses by mouth in the form of an elixir or syrup All four of the 
patients tolerated the chemical exceptionally well with virtually no gastrointesti- 
nal symptoms Dunng the first three to four weeks they were given 4-6 Gm pcx 
day Three patients developed leukopenia following which the dose was reduced 
to about z Gm daily or tcmporanly suspended Further fall in the white cell 
count did not occur The urethane was given over a period of about two months and 
then discontinued The total dose per patient varied from 1Z0-Z40 Gm Treatment 
and post-treatment periods of observation ranged from seven to thirteen months 
Two patients relapsed and were given a second course of therapy 

All 4 patients showed much the same type of response to urethane General 
clinical improvement appeared dunng the second and third week of thcrapi when 
skeletal pam and fever began to subside Physical activity soon became tolerable 
within the obvious limitations imposed by skeletal disease The two patients with 
iHost extensive areas of skeletal destruction were able to perform oidinat) activ- 
ities and do light work within four to six months of the start of treatment with- 
out discomfort 


A normochromic, normocytic anemia with hemoglobin values ranging from 7 1 
to II o Gm was present in all 4 patients In z cases, immature granulocjtcs and 
nucleated red cells were present in the circulating blood An abrupt but transient 
leukocytosis was noted in z patients on the fourth day of urethane administra- 
tion, possibly the result of chemical stimulation of cell division J-cukopcnia with 
white cell counts ranging between z6oo and 4400 developed in about three to four 
Weeks Reduction m the urethane dosage to around z Gm per da) was sufficient 
to prevent the development of more serious white cell depression In about the 
same time evidence of marrow crowding subsided, immature granuloc)tcs and 
nucleated red blood cells disappearing from the circulating blood Progressne fall 
>n hemoglobin and red cell vducs ceased after one to c\%o weeks of urethane but 
notable regeneration of blood did not begin before four to six weeks There was 
gradual improvement in the blood values toward normal forseicral weeks follow- 
ing the termination of urethane therap) 

The initial bone marrow aspiration showed in all cases the massne proliferation 
of abnormal plasma or myeloma cells diagnostic of multiple mi cloraa Repeated 
examinations of bone marrow in Cases 1, z, and 3 obtained from different sues 
after urethane therapy revealed a striking quantitative decrease in the number of 
these cells A characteristic change in m)cloma cell morphologi occurred, also, 
With urethane administration Some became monstrous in size rccallmc the 
changes observed in plant seedlings ' Others as obscticJ in sp'caJ him-- made f'om 
aspirated marrow tended to adher together in small compact clunp^ \ ariation in 
cell Size, dcnscl) staining C)topla5ra, and ecccntnc and piknotic nuclei were cer 
cral features of those m)eloma cells which persisted after urethan- adrrtn s u 1 
Oasophilic granulation of the c)toplasm'‘" ‘ did not develop 
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The initial blood chemical values (table 5) were typical of those occurring in 
multiple mjeloma In Case i, the scrum calcium was elevated to 11 4 mg per 100 
cc I but in all other instances it was normal Phosphatase activit) , determined m 
3 C3SCS before treatment, was low or normal and in 1 patients with extensive 
skeletal disease it increased slightly after urethane admimstration 
Hj^pcrglobulinemia with reversal of the albumin globulin rauo was present ini- 
ually in all cases In Cases i, 1, and 3 the scrum globulin fell markedly and the 
albumin rose slightly to restore a normal ratio of these protein components during 
the period of after treatment follow-up The serum proteins were studied clcctro- 
phoetically in these 3 cases before and after urethane treatment, and will be re- 
ported in detail later by Dillon and Rundles -* In Case i, 45 per cent of the total 
protein showed the electrophoretic mobility of gamma globulin Four months 
after the beginning of urethane therapy protein with this mobility was reduced 
to 18 o per cent In Case a, a similar increase in the gamma globulin occurred, 
amounting to 45 7 per cent of the total Seven months after urethane adminis- 
tration was begun this component was reduced to 13 8 per cent In Case 3, the 
initial electrophoretic study showed that the abnormal protem had a boundarj 
Iving between the beta and gamma globulins, the M variety of protein abnormalit) 
in multiple myeloma described by Gutman, et al The total percentage of 
M and gamma globulins before treatment totaled 45 a per cent Three and one- 
half months later these fractions had fallcnlto 33 4 per cent 
Renal disease*^ ** as evidenced by proteinuria of greater or less degree v as present 
in all of the patients with multiple myeloma Bence-Jones protem was demonstra- 
ted in the urine of two None had nitrogen rctenuon The excreuon of phenol- 
sulphonphthalein dye was impaired in two pauents before treatment was started 
During the weeks following urethane administration mtrogen rctenuon did not 
develop, albuminuria tended to subside and Bence-Jones proteinuria was less often 
demonstrable 


Scnal roentgen films taken over a period of months following urethane therapy 
showed no progression in the destrucuve skeletal lesions which arc so prominent 
a feature of multiple myeloma The subsidence of bone pain occumng at bed 
rest, followed in a few weeks by the ability to tolerate moderate phjsical acuiit) , 
suggested improvement in skeletal support as a result of therapy The slight in 
crease in phosphatase acuvity suggests some attempt at bonj repair There 
definite roentgen evidence of rccalcificauon in one patient 6 months after tlw 
ginning of treatment Bonj softening persists without doubt for some pen o 
tune, and perhaps indefinitely Roentgen films of the skeleton thus provi c no 
means for judging the early response to therapy, but the chronicit) of the csioni 
docs caution against the too rapid expansion of physical actiwty 

Evidence has been presented to show that the admimstration of urethane c 
pauents with muluplc myeloma alters the fundamental ^^er 

apcutic agents The present report concerns onl> the earl) rcs^nses 

™h»f top, te toJ, Fol<.»S=l 1* .. * 
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rapidly progressive Relapses of the disease may not occur for as long as six months 
or longer after discontinuation of therapy Whether interrupted or continuous 
therapy will eventually prove most desirable is a matter of conjecture To detect 
reactivation of the disease so that therapy can be given again when indicated will 
require serial blood examinations, frequently repeated bone marrow studies with 
attention to the number and appearance of the plasma cells, quantitative study of 
proteinuria, and serial studies of the scrum proteins preferably by electrophoretic 
methods The effect of urethane therapy offers a new tool in investigating the com- 
plex protein and cellular abnormalities which charactenze the disease 


Conclusions 

Four patients with multiple myeloma have been treated with urethane C^ch}! 
carbamate) for eight to ten weeks in total doses of iLO-190 Gm and observed over 
periods ranging from seven to thirteen months Striking benefit relating to all 
aspects of the disease was observed Fever, skeletal pain and acute sjmptoms sub- 
sided after two to four weeks of therapy In individuals with severe anemia, im- 
mature granulocytes and nucleated red cells disappeared from the circulating blood, 
and over a period of several weeks, the blood values improved grcatl) toward nor- 
mal Abnormal plasma or myeloma cells decreased quantitatively in the bone 
marrow and underwent morphologic changes indicative of retarded or arrested 
growth The serum protein abnormalities characteristic of multiple m)eloma be- 
came less pronounced or disappeared as did the albuminuria and Bence-Jones 
tinuria Serial roentgenograms of the skeleton showed no progression in the e- 
structivc lesions There was little evidence of skeletal recalcification, howeter, 
for four to six months after treatment The long term results of urethane therapt 
in multiple myeloma, the liability to exacerbation of the disease, the effectnencss 
of subsequent courses of urethane therapy, the course of the associated renal disease, 
the extent of skeletal recalcification and repair, etc , arc matters or urt er stu \ 
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THE RESPONSE OF EOSINOPHILS IN THE GUINEA PIG TO 
SENSITIZATION, ANAPHYLAXIS AND VARIOUS DRUGS 


By ZvIax Samtbr, M D 


I Review of Early Concepts and Expemmental Studies Scope 


T he HISTORY of the cosinophiJic polymoqihonuclcar leukocytes (referred to 
as eosinophils throughout this study) has few landmarks In 1846, Wharton 
Jones' gave the first reliable description of coarse granules’ in colorless blood 
cells Their morphologic characteristics arc so striking that early (Max Schultze*) 
and recent (Cunningham and Tompkins*) observations differ only in insignificant 
detail Paul Ehrlich'* established in 1879 — in his farbcnanalytischcnUntersuchun- 
— the distinctive mark of the fixed cell, namely, the elective staining of its 
£t-granulcs with acid dyes 

Since then, innumerable data on the occurrence of eosinophils have been col- 
lected A comprehensive survey prepared by Emil Schwarz* in 1914 listed in its 653 
pages a bibliography of Z758 publications Yet while Schwarz and others defined 
the occurrence of eosinophils under various climcal and experimental conditions, 
they added little to our knowledge of their function The association of eosino- 
philia with a variety of unrelated disorders is still not well understood (Bcthcll, 
Sturgis, Rundlcs and Meyers®) 

Experimental research has been retarded for two reasons The first reason is the 
direct result of the controversy about the site of origin of the eosinophils Authors 
who regard the bone marrow as their only source, will interpret circulating eosin- 
ophils as the necessary link between their site of formation and the tissues in tvhich 
they arc eventually found Authors who accept the concept of the development of 
eosinophils at sites other than the bone marrow, have concluded that the same 
circulating eosinophils represent an overflow, or have been discarded from the 
tissues in which they have developed 


Ehrlidji committed hinuclf to the hypothesis thst eosinophils are formed in the bone mitroiv and 
are distributed by the blood stream His concept initiated a lively scientific controvers) about the question 

of the homoplastic or heteroplastic origin of eosinophils which fills chc carl} volumes of Fo la mato 

■ogica (Ascoh « Pappenheim ' Weidenreich Maximow “ Downe) "r and Ringo-n >') 

Biggart'* has lummanred some of the controversial questions whether or not blood ard tisiu- 
rounophils arc identical whether there is local multiplication of eosinophils assuming that there is 
only one type of eosinophil, what causes their emigration from the blood into the tissu-s sshat fini r 

are the relations between bone marrow and tissue cosinophilia? 

Several of these questions have been studied by Op.e ■» Schlccht and Schsvcnl-cr Ucinbe-g and 
Scguin u and Homma >• The ma,onty of insTstigators hasx rccognired the bone marr^s as 
of the coiinophUs which appear in the peripheral circulation but a final agreemert betwv n i 
“oting facuons has not been reached Coolc" has only recently claimed that the dis^ p- ” 

;fie number of eosin ophils in blood and t issue arc suffiaent reason to assume ih- caist -r r o ' w o 

From the Department of Medicine and the Allergy Unit CoII-ge of Medicir- Lns-siir cMl' - 

f^oago U1 ru > - , 

"The expenses of this lotcstigation were defrased in part bs fundi from th. \ 1 
Chicago III 
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type* of eosinophils And sshilc Hoinina**eniph2sircs the fact chat no intcnncdiiry stages caist betsveen 
small lymphocytes, large lymphoc) tes and macrophages on one side eosinophils on the other side 
Ringoen*^ concludes Tissue eosinophils arc derived from vanons sources, lymphocytes large mononu- 
clears, plasma cells and adventitial cells being regarded as parent cells 

In Spite of the existing disagreement as to the site of origin of eosinophils, the 
inumatc relationship of cosinophilia to certain phenomena of hjpcrscnsitivity has 
been established beyond doubt (Hajos,** Ha;os and Mazgon,*^ Campbell, Drcnnan 
and Rcttic,^ and D H Campbell*^ ) Its mechanism, however, as well as its funcuon 
and meaning arc still obscure It is surprising to note that experiments of vciy 
similar nature have led investigators to diametrically opposed conclusions Analy- 
sis of the literature reveals what must be regarded as the second reason for the 
hesitant progress of experimental research on eosinophils a multitude of expen- 
mcntal procedures in a field where minimal changes in techme arc bound to cause 
major changes in results 

It will become necessary, therefore, to apply the rigid standards which distin- 
gmsh immunologic research in general to research on eosinophils which arc part 
of the immuno-rcactions of the organism Study of eosinophilic response requires a 
uniform experimental technic which includes a uniform species, a uniform antigen, 
and a uniform route of administration Accordingly, the &st section of this investi- 
gation discusses criteria for the choice of the cxpcnmental animal, the choice of a 
suitable aacigea, its dose, and the route by which it is administered 


n Generai- Consideeations 
Ciatcc of th( Exptrtmental Antmel 

Review of the literature shows that guinea pigs have been preferred for study of 
experimental cosinophilia although other species have been investigated Data 
about hematologic changes in rabbits and dogs, however, arc scanty and contro- 
versial White rats — used by Homma’® in an attempt to correlate eosinophils in 
bone marrow, blood and tissues after injection of parasites and parasitic material 
have the disadvantage that they arc very unresponsive to anaphylactic sensitiza- 
tion If one intends to demonstrate the allergic state of the sensitized animal by 
the symptoms of anaphj laxis, guinea pigs arc most suitable and were thcrcfocc 
employed 

The guinea pigs were bought at random and raised until they weighed between 
40Q and 450 grams at the ame of the experiment It appeared advisable to eliminate 
larger guinea pigs, since Opic*‘ in his carlj studies had shown that guinea pigs 
tend to develop a spontaneous cosinophilia which increases with increasing 
weight The cause of this cosinophilia has not been established although parasitic 
infestation such as bj megastoma entencum in the small intestines and infusoria ^ ® 
cecum has been suspected The diet consisted of oats supplemented by lettuce an 
carrots, no added water v\ as given The average differential count pnor to sensitiza 
tion of' the 482. animals used in our studies was as follows Lymphocytes 41 p« 
cent neutrophils 55 per cent, monocyncs 3 per cent Eighty -two per 

1^1 iJno pc. W had . ^ 

pigs which had up to 7 per cent eosinophils were classified as a p £ 
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They arc included and discussed in section VI The figures at which we have ar- 
rived differ slightl) from those quoted by other observers, it is felt that this differ- 
ence may be due, in part, to differences in strains used by this author The figures 
listed in Klicncbcrgcr s*^ manual, however, arc based on too few animals to serve 
as a satisfactory base line 

Each experimental group consisted of cither six or eight animals, male or female, 
and no sex distinction was made in our studies 

Choice of the Antigen 

Selection of a suitable antigen became an interesting problem since CampbclP* 
correlated the insolubility of the antigen as well as the presence of -SH groups with 
Its ability to elicit cosinophilia The literature is full of curious contradictions 
Homma** reported that coagulated egg albumen and fibrin failed to produce a 
significant tissue cosinophilia in white rats Schlccht,'’^ on the other hand, was 


Table i — Cb$tct of Antsgen 


P*.?* *cnaitli«l and rcinjcctcd 
With Ovalbumin % of eoamophil* 

20 houn after reinjection 

8 guinea pigs sensitized and reinjected 
with Ovomucin % of eosinophUs 

20 hours after reinjection 

8 guinea ptgs sensitized and reinjected 
with Hapamine % of eofmopthiU 

20 hours after reinjection 

X 

8 

14 

0 

X 

6 

Fatal shock 

9 

30 

5 

7 

9 

8 

8 

6 

Fatal shock 

Fatal shock 

10 

Fatal shock 

I 

5 

4 

16 

9 


PcrccntEgc of eosinophils (twenty hours after rcinjccDon) m a con5Ccatx\ c senes of guinea pgs 
Kniinzed and reinjected intracardiaUy with proteins of strong, moderate and low antigenicity 


2blc to observe (in two experimental animals) cxtraordinarj increase in eosino- 
phils after injection of a 1 per cent fibrin solution, neither author gnes sufficient 
data about the preparation of the antigen to permit csaluation of the discrepancies 
We have conducted a considerable number of preliminar) experiments in order to 
establish variations of the response of eosinophils in guinea pigs to antigens of 
various solubility and antigemcity as expressed b) the sexerits of anaphs lactic 
reactions following rc-injection The antigens tested included fibrin, set era! 
fractions of egg white prepared for us b> Dr A G Cole, and hapamine (histamine 
conjugated with a despcciated horse scrum globulin through azo Iinl.aqc^ a 
compound reported to be a poor antigen (Cohen and Friedman ) 

Table 1 summarizes some of the results The animals had been sensitize ft ent 
One days Before the test by intraperitoneal injection of 75 cc o a 1 per cent 
rion of the protein under investigation The) xxcre rcinjext intracar la \ i 
rhe homologous antigen Differential counts xx ere taken of the surx ix mg ani-a s 
three hours and txxcnt) hours after reinjection The percentage o 0.1^,^ 
frund after txxcnt) hours (xxhen the maximal cosinophilia had been re- is 
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listed in table i Guinea pigs sensitized and reinjected with ovalbumin show the 
lowest percentage of eosinophils, but the highest incidence of fatal reactions, 
while guinea pigs sensitized and reinjected with hapamine develop a considerable 
eosinophilia in spite of the absence of fatal shock The anaphylactic reaction as 
well as the eosinophihc response arc phenomena of sensitization, since neither can 
be elicited by the introduction of a nonspecific protein, it is evident from our 
experiments, however, that the effectiveness of a given protein in achieving 
anaph} lactic sensitization does not parallel its ability to produce eosinophilia 
The antigen which was finallj selected for this study, horse scrum, combined 
reliable anaphylactic antigenicity with satisfactory ability to produce cosino- 
philia With few exceptions, therefore, which arc labeled as such, horse scrum was 
used as sensitizing and shocking antigen throughout the experiments One group 
of SIX guinea pigs was sensitized and shocked concurrently with each scries of 
experiments No conclusions were drawn unless fifty per cent of the controls 
succumbed to fatal anaphylactic reactions 
The animals which were sensitized by intrapcritoncal injection of horse serum 
with few exceptions did not develop cosinophiha pnor to reinjection of the 
specific antigen Animals which had more than i per cent eosinophils pnor to 
rcinjcccton were excluded from the experiments 
Von Pirquet and Schick** had suspected that if a large amount of antigen is 
injected, a poraon of it might persist, unaltered, throughout the penod of sen 
sitization, combine with the antibodies which have formed during this period and 
account thus for the symptoms of serum sickness Since eosinophils appear in the 
peripheral circulation subsequent to antigen antibody reactions, it seemed con- 
ceivable that the injection of a sizeable dose of horse scrum might, similarly, cause 
eosinophilia However, in a group of six guinea pigs which were given a sen- 
sitizing dose of 20 o cc of horse serum, none developed eosinophilia prior to re- 
injccuon of the specific antigen 


Reut< of administration 

A survey of experimental research on eosinophils indicates that little actenuon 
has been paid to the route by which the antigen was administered It is a common 
occurrence to find intradermal, intramuscular, intrapicritoncal, intravenous an 
intracardial administration used indiscriminately within the same group o 
experiments as if the route of administration were of no consequence Even if one 
disregards fundamental objections (Hcidclbcrgcr, Treffers and Freund,®) it is quite 
obvious that reinjection of antigen into a shock tissue, c g , the skin, with a re 
suiting local antigen-antibody reaction, creates experimental conditions w i 
cannot be compared with, for example, vascular reinjection Applied to the stu } 
of eosinophils, this variety of routes used for the admimstration of the a°t igen 
makes it understandable why the question has not been adequate y anssv 
whether the eosinophilic response to reinjection of antigen is due to t c antig 
per se, the antigen-antibody reaction, the shock syndrome, or ^ 
subsunces dunng the immunologic processes The experiments 
Seguin'* are a case in point The results of their obsenations are gn 
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certain phases of the mechanism of the eosinophilic response which will be dis- 
cussed later, but they also demonstrate clearly that results obtained after sub- 
cutaneous, intraperitoneal, and intravenous reinjection are not comparable 

Although It IS possible to sensitize guinea piga by any parenteral route, the 
intraperitoneal injection is not only most convenient but Icnown to give, for this 
particular antigen, consistent anaphylactic sensitization The reason for this is 
not fully understood although it has been suggested that the copious lymphatic 
drainage of the peritoneum, and a resulting elBcicnt elaboration of antibodies, 
might be responsible The sensitizing dose of the antigen, therefore, has been given 
intrapcritoneally 

The route of readministration on the other hand can influence the outcome of 
the experiments in several ways The speed of absorption of reinjected protein 
vanes with the site of administration The site of the injection determines, there- 
fore, the time interval between the introduction of the antigen and the changes 
which It causes If, furthermore, reinjection is made into sensitized shock tissue, 
c g , the skin, it becomes questionable how much non-neutralizcd antigen reaches 
the rest of the animal Accordingly, Weinberg and Scguin,” who reinjected the 
majonty of animals intravenously and intrapcritoneally, came to conclusions 
almost irreconcilable with those of Hajos“ who administered the antigen in- 
tramuscularly or by inhalation The intravascular reinjection aflhrds an immediate 
distribution of the antigen throughout the animal and prevents its retention at the 
site of admimstration Intracardial rather than intravenous administration is 
used by us because of its technical advantages, it requires, howevw, t at a post 
mortem examination be done on each animal which dies during or s ort y a ^ 
injection, since the occasional perforation of the heart muse e wit m 
hemorrhage might simulate the asphyctic death ofacuteanaphjlasis 


Ttcbntc of tbt Eosmopbtl Count 

The technic of preference for the study of eosinophils is the absolute eosinophil 

count (Zappert,’' Discombc,’* and Randolph **) -;tudics 

Unfortunately, the amount of blood which can be obtain or Pf counts 

fiom the car veins o/ the guinea pig is not sufBaeot to make abso 

a tontine ptocedute Hus fact has d.snmbej vanous 

It has been shown that the changes in total white count unng pn,j5cancc of 
of eapetimen. ate not of stdEc.e.t 

findings based on changes in differential count kiood has to be 

counts, however, depends on uniform technical an mg 

transferred from ke ear without pressure and is spr«d . Trot 

tween uvo coverslips Even under the most fa^o^ablc circu ^ numb- 

tl'vajs suceessful], accomphshed In our evpattment. a ““"'f "“'j i”™;;,., 
preparations had to be discarded because distribution or prw 
proved unsatisfactory The coverslips were stainc "it r taken beto'e 

drimg. attached to7labeled slide"ith Canada Ba sam ^ I'-e'’ 

reinjection of antigen and at fifteen, thirty , forty -f" c, an -ncu-tn de~ 

nr hourly intervals for twenty -four hours after rcinjec 
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stratcd that there is a ume lag between administration of antigen and cellular 
response The maximal cosinophiha was not reached before a lapse of twclrc to 
twenty-four hours after reinjection This observation, found in early work and 
re-emphasized by Hajos,’’ is of great theoretical interest and has not received the 
recogniuon which it deserves 


in Response of Sensitized Gdinba Pig to RsiNjBcnoN of Speofic Antigen 

Expo-mental problon It is difficult, if not impossible, to produce uniform sen 
sitization in any given group of experimental animals This difficulty is well 
Lnovro and represents one of the most senous obstacles to quanutative evaluanon 
of results Rich,” for instance, in his studies on the pathogenesis of rheumatic 
fever and pcnarteritis nodosa sutes This native, individual difference in m 
acavity, which not only determines whether a given sensiuzcd individua wi , 
on contaa with the antigen, develop a hypersensitive reacaon but detune 
in what tissue the hypersensitive reaction will occur, has, in all proba ty, 
hereditary, consututional clement The variation in the eosinophilic respo 
even ereatcr than the differences in anaphylacac reactivity, we have no in ica i 
that Ae mechanisms of either are related Our cxpenmental procedure «ceraim 
within reasonable limits the anaphylactic anagcniaty of the antigen us m 
particular senes of expenments The ability of the same 
eosinophilic response in sensitized guinea pigs after inmcardia ) 
mams to be established before an analysts offaaors which influence such respo 

can be attempted .o^-Tv^woncal 

Expo-mental procedure Thirty-six guinea pigs were sewiuzcd by 

injection of i cc of horse scrum without preservative Twenty-o ^ ’ g 

w,d. o „ cc of ho„o ^ 

remaimng guinea pigs were injected with o 75 of a i p^ |, ^or to 

talhzcd ovalbumin Differential counts were ^ranjection 

rcmjcction, of the surviving animals three hours and , reinjection of 

Results The percentage of cosmophils observed twenty ho j^oneofthe 

horse serum in a senes of iz guinea pigs is listed reinjecuon, the 

guinea pigs had eosinophils prior to reinjection Subs^uc 
figures range from o to z6 per cent Only J ovalbumin de 

phdia Only z out of the 8 guinea P‘Sy“J""'"^JJ‘^^^y^.ffctential blood 
veloped an eosinophilia 

count of the remaining 6 guinea pigs show^ the the 

known to follow the injection of protein but no ^;“°P^^3^rial informaoon 
three hour counts from the table, since they do not add an> essen 
Their possible significance will be discussed in ^ ,hown that the 

Conclusms Prehminary expenments rh= eosinophils m the 

nature of the anugen determines, in of scveritj of ana 



MAX SAMTER 


2^3 


within a wide range in a senes of animaJs scnsinzcd and reinjected with the same 
antigen, again, the appearance of eosinophils in the peripheral circulation is a 
specific response whether the final level reached be low or high Reasons for these 
variations arc not known 


Table i. — Vcrxtntsie of Bostnofhtls Tvtnty Hours afttr ^tnjectien of Horst Serum tn Horse Serum Seusinve 

Guinea Figs 

None of the ammaJs had cosinophilj prior to rcin/ccaoa Twelve guinea pigs unprotected 54 
guinea pigs protected by \ anous anahistaminc drugs 


SUt> four horse scnini seii3lti> c guinea pigs Thtfty minutes before intracardlal re*dnuaUtration of 

horse serum Injection of 


ho protective 
drug 

il 2 anLouli) 

Benadryl 

5 mg/Kc 
(12 animals) 

s \ u 

15 mgyKg 
(12 animals) 

S Y 18 

J J mg /Kg 
(12 animals) 

syj 7 

15 me /Kg 
(8 anunals) 

S1J8 

15 mg /Kg 
(8 anlmais} 

% 

% 

% 

% 

% 

% 

11 

7 

16 

10 

7 

6 

9 

6 

i 8 

17 

0 

3 

0 , 

10 

I 

8 

0 

6 

5 

0 1 

6 

XX 1 

II 

13 

X 1 

6 1 

10 

7 


’9 

8 

1 1 

10 

1 

11 1 

3 

t 4 

1 

16 

18 

6 

3 

i6 

0 

« 

7 

11 

0 

6 

15 

8 

' 17 



I 

3 

' I 

8 



t-J 

13 

31 

3 



€ 

11 

3 

3 



Averages and standard errors 

^ 50 ± 1 81 

1 

6 75 ± I 5 ° 

10 6 ± X 56 

II 3 ± I 31 1 

8 88 ± - 5 ' 

6 88 ± I 40 


Ta.w .. ^c, r,^<d ^,.h icr„ srr.r, ,un.j 

__ hours after intrapentomal mjeaton of Benadryl and S Y S4 

U 

Benadryl 


I 


4 

10 



IV Response op the Sensitized Guinea Pig Peotected bt Antiuhta 
TO Reinjecitov of SpEcmc Antigen 

^n, mental prcbltm Introduction of instJ^r’rntal in 

cance of which IS still under mvcscigation (Fcinbcr^ ), o‘'ani'"2U 

Widening the scope ofinvcstigauvcnork in allcrgr ' noT o the sp* 

of maximal sensitivitj T\hich, thus protected, surrnc rein) . 
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antigen Synthesis of compounds which combine antihistamimc and sympathic- 
olytic action has made it possible to re-examine the concepts of workers who, like 
Hajos,-^ emphasize the prominence of the autonomic nervous system m cosino- 
phi Jia We wish to state that this part of our study would have been incomplete, if 
not impossible, without the advice and the generosity of Dr E R Locwwhonot 
only supplied the necessity cbemicals and the data on their comparative potency, 
but also consented to integrate our preliminary and final experiments on the re- 
sponse of the eosinophils into his own which tested the antianaphylactic action of 
the drugs 

The first senes of experiments was carried out on animals protected with |8 
dimethylaminocthyl bcnzhydryl ether-HCl benadryl 


CH, 



o— ch/:h,n<^ 

CH, 


HCl 


(Loew®) 


The potency of this substance is about one-twentieth of a comparable French 
antihistaimnc drug, neoantergan (N-p-mcthoxybenzyl-N-dimethylaminoeth)! 

aminopyndine) 

In subsequent experiments, a number of alkyl derivatives of or-naphthyl-methyl 
^-chloroethylamine and of z-bi-phenoxyethyl-^-chlorocthylamine were used 
Achenbach and Loew• ** have shown that the histamine antagonism produced b) 
these compounds is of an order similar to the one afforded by benadryl and its 
rclauvcs, but while the latter enhances the pressor response to epinephrine in 
ammals, the former exert epinephrine blocking action They reverse, for instance, 
the pressor effect of cpincphnnc in dogs The following compounds were used an 
they arc designated by their test numbers 
SY 14 a-naphthylmcthylcthyl-i3-chloroethylaminc HCl 



QH. 


CHjCHjCl HCl 


SY z 8 a-naphthylmethylcthyl-^-bromoethylaminc HBr 

H, 

'CHiCH,Br Hbr 





• Those compouoa, ^TOe tynthesued and nude avuUble to ni by Drs G Ricrochl Jr 

andW B. ColcnunofP«Lc,D»vijaDdCompiny Detroit Michigan 
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SY -iq a naphthylmcthyIisopropyI-/?-chlorocthyIammc HCl 



CHiCHiCl HCl 
SY i8 / 9 -i-biphcny]oxyctliy]ethyl-/S-chIorocthyLiniinc HCl 


C,H. 

CHiCH^N<(^ 

CH,CHjCl HCl 

Antihistamine activity of SY 14, SY z8 and SY vj equals approximately that of 
neoantergan, while S Y 18, like bcnadryl shows only one-twentieth of the protective 
action produced bj neoantergan 

^>^ertmental frocedurt Eighty guinea pigs were sensitized with horse scrum in 
accordance with the technic described in Section II Twenty-one days after the 
sensitizing in)cction, they were divided into seven groups ThcfirstgroupCi5)ssas 
S'vcn benadty], 5 mg /Kg in aqueous soluuon, thirty minutes prior to reinjection 
The second group (15) was given SY 14, 13 mg /Kg in aqueous solution, thirtj 
minutes pnor to reinjection The third group (15) was given SY 18, r 3 mg /Kg in 
aqueous solution, thirty minutes prior to reinjection The fourth group (lo) w as 
given SYzy^ 15 mg /Kg in aqueous solution pnor to reinjection The fifth group 
(10) was given SY x8, 15 mg /Kg in aqueous solution thirty minutes pnor to rein 
Jection The sixth group (10^ was given bcnadrjl, 3 mg /Kg m aqueous solution, 
"Without subsequent reinjection of horse scrum, the seventh groupCio)"asgi\cnS\ 

14 > 13 mg /Kg in aqueous solution without subsequent reinjection of the antigen 

The antihistamine drugs were given subcutaneously or intrapcntoncall) The last 
groups were included in order to establish vs hether antihistamine drugs per sc 
had any influence on the differential count of the guinea pig Doses used \s ere sug 

gestedbyDr Loewand provided satisfactory protection against fatal anaphs lactic 
reactions It may be noted that the same dose was used for SY 14, S\ zSandSI zp 

Quantitative studies would have to make allowance for the higher molcLular 
^mght of the bromide Blood counts were taken three hours and nsents hoars 
after reinjection of horse scrum, or, in the last n\o groups, after injection of the 

antihistamine drug 

Kmlts The percentage of eosinophils obsers cd tw enn hours afte" rcinj.-tion o 
“orsc serum in sensitized guinea pigs which were protected hi five differ' a= 1 
histamine drugs against fatal anaph) lactic reactions is listed in columrs^- , - 

5. and 6, table z The corresponding figures for the mo group of s—s, re- ru 
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pigs which were injected with antihistamine drugs only, without subsequent re 
introduction of the antigen, are found in table la The number of ammals reported 
is somewhat lower than the number of those sensitized This is due to loss of 
animals which for various reasons, died during or after sensitization 
The most outstanding findings in this series of experiments is the fact that the 
antihistamine drugs, while they block the anaphylactic reactions m the sensitized 
and shocked guinea pig, do not abolish the eosinophilic response If normal 
distribution of the eosinophilic response could be assumed (which in view of our 
data IS not justified) one could calculate that any difference which exists in eosino- 
philic resjxmse of animals protected by various antihistamine drugs is obliterated 
by the exceedingly high variability of such a response This is obvious in the 
averages and standard errors listed in table za Other types of distribution which 
have been tested lead to identical conclusions Nevertheless, statistical analj'sis 
docs not deny the possibility that drugs which combine histamine antagomsm 
with sympathicolytic action, enhance the cosinophilia found in the jicriphcral 
blood twenty hours after reinjection of the antigen in sensitized gmnea pigs The 
administration of bcnadryl alone, without subsequent reinjection of the antigen, 
produced only minor changes in three out of six animals, the percentage of eosino- 
phils observed after admimstration of SY 14 without subsequent reinjection of 
antigen remained below the average of reinjected guinea pigs, but showed s 
ficicnt increase to make further discussion necessary 

Conclusions It has been repeatedly stated that antihistamine drugs represent a too 
to test, extend, or restnet the histamine theory of allergy (Mayer*^), m ishic 
eosinophils have been included (Code**) Ratncr’’ maintains that validit) 0 t e 
histamine concept has yet to be established However, the fact that eosinop 1 ic 
response is not abolished by antihistamine compounds lends itself to severa 


interpretations , 

If eosinophilic response is not due to release of histamine, it coul not 
peered to be altered by antihistamine drugs If, on the other hand, li cration 
histamine or histaminc-likc substances was the direct cause of appearance 
eosinophils in the circulation, it must be assumed that antihistamine ^ ** 
act on the underlying mechamsm This is conceivable, since various ec 
histamine, e g , its action on gastric secretion, are not uniformly 1 
antihistamine drugs In the latter case, one could expect that eosinop 1 
in protected animals would exceed the response in unprotected , 

histamine— blocked from its pharmacologic action on smooth muse 
laries — might be available It might be reasoned— paradoxic as which 

antihistamine drugs should exaggerate those effects of drugs 

they do not As a matter of fact, the administration 

alone might cause such effects as consideration which 

displace and divert exceeds the physiologic threshold, it subsequent re 

kd us to study the action of antihistamine drugs per se without subs q 

injection of antigen on the eosinophils in PJf ^ .nactne into 

The mechanism of histamine activity, 1 e , its chang 
an acuve form, is insufficiently understood B> the 
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histamine drugs has not yet been explained We are aware that our findings that 
antihistamine drugs do not abolish the eosinophilia which follows an antigen 
antibody reaction in the guinea pig neither confirm no disprove the possibility 
that histamine participates in its development 
The action of antihistamine drugs with sympathicolytic activity is of interest 
in view of the known fact that epinephrine decreases or abolishes an existing 
TOsinophilia (Schwenker and Schlecht^o), or reduces the eosinophiha which 
follows reinjection of specific antigen (Campbell**) Campbell has concluded from 
his experiments that epinephrine inhibits eosinophilia because it eliminates the 
shock syndrome without interfering with the antigen antibody reaction itself 
The same statement, however, applies to antihistamine drugs which have no 
inhibiting eficct on eosinophilic response We feel that our concept of the im- 
portance of shock in the mechanism of the eosinophilic response requires a careful 
analysis and, probably, revision 

V Role op Shock in Proddction of Periphkral EosiNormtiA 

E>rpcrtmental problem The importance of shock in the mechanism of the eosinophil 
response has been suggested by many authors, notably by Hajos** who claimed that 
an agitation of the autonomous nervous system, vegetative Erschutterung, is 
required before eosinophils appear in the peripheral circulation E von Neusscr** 
had described eosinophilia following pilocarpine injection as early as i 8 ^i, 
Bertclli, Falta and Schweeger** demonstrated the effect of epinephrine (decrease 
in eosinophils) as well as that of pilocarpine and choline (increase in eosinophils), 
and attributed the results to action of the drugs on sympathetic and paras>mp 3 - 
thetic nerves respectively Camp*' found, however, that both paras}mp3thetic 
and sympathetic stimulation raised the number of eosinophils in rabbits ishich 
makes the existence of a specific neural regulation rather unlikely 
Jajos" had concluded that the injection of foreign protein stimulates the for- 
mation of eosinophils in the bone marrow, but that an autonomic shock is ould 
force their release into the peripheral circulation We have alwaj’s felt that this 
concept of shock was too vague to support his theory convincing!} In order to 
test Its validity we have grouped the cxpcnmcntal animals which sunned the 

reinjection of the homologous antigen according to seven t} of shock s}Tnptoms 

The groups were labeled as follows 
r Severe shock followed by convulsions, collapse and coma -{--b-1'4" 
a- Sneezing, marked dyspnea, urination and defecation -b-}- 

3 Chattering teeth, ruffled fur, excitement without respiratoo s}mptoms 

4 and j Very slight, indefinite, or no s}’mptoms ± or o 

The results are found in table 3 In addition to ou town findings, we have re- 
Cammed the figures published by Weinberg and Scguin, the} list the percentage o 
eosinophils observed in the blood of guinea pigs sensitized with ho'se v'nim 
e^elve to twenty-four hours after subcutaneous or incrapcritoneal rciniectiun^ 
Table 3a lists those guinea pigs which had no eosinophils pnor to reinjection ar- 
therefore, comparable to our own, the s}-mptoms were marke- na ro 
‘Jttcnption in detail was given, and w e have assumed that thev coTcsponi ro-C 



RESPONSE OF EOSINOPHIU IN G0INEA PIG 


izS 


to our second, ++, group Table 3b lists thoac of Weinberg and Scgmn s'^ animals 
which had eosinophils ranging from 4 to 17 6 per cent in the peripheral blood 


Table 3 Setvrttj cf Shock Symptoms and Etssaopbdja (jj gt/tnfs pt^s') 
Severe shod, followed by convaJaons collapse coma, 

-f- 4 - SnccHog marked dyspnea, unnaoon dcfccatiotL 

-f- Chattering teeth, ruffled fur eratement without respiratory symptoms 

rfc o Very slight, jndchxutc orno symptoms 


1 1 l-l 

++ 

+ 

± 

0 

6 

5 

e 

ZI 

3 

11 1 
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II 

7 

10 

0 

17 

14 

li 

1 

z 

7 

3 

I 

0 

7 

6 

11 

11 

9 

lO 

8 

6 1 

0 

7 

8 

0 

^ 1 

6 


Percentage of eosinophils (twenty hours after ranjccnoo) of guinea pags scnsinicd and rciQ 
jccted with horse scrum None had eosinophils prior to rcinjccaon 


Table 34r — (Compiled from 


Weinberg and Scguin^’^ 
Shock symptoms and eosin 
ophils 


No sytuptoms 

-H- 

1 6 

0 

4 3 

0 6 

3 

I 6 

3 3 

1 

1 6 ' 

3 

17 3 

8 3 

0 

I 

9 3 

6 

3 

18 

1 

5 3 

5 6 



' Percentage of cosinophiJs 
(twelve to twenty four hours 
after subcutaneous onorraper 
itoncal rcinjccaon) in guinea 
pigs sensitized and rcin/ecred 
with horse scrum Percentage 
prior to reinjection less than 
one per cent. 


Table 3^ — (CompUed from Weinberg and Segum^O 
Shock symptoms and connophils 


Before reiojectioo 

* After reinjection 

Fonte 

STnptoou 

4 

8 3 

S,C 

none 

5 3 

j8 

s,c. 

none 

8 

2-7 G 

s,c 

none 

9 

^9 3 

s c. 

none 

5 3 

17 6 

‘ p- 

++ 

4 

16 

J p 

1 none 

15 6 

>4 3 

ip. 

++ 

17 6 

19 

ip 

none 

14 6 

11 6 

>p 

none 

(, 

11 6 

' p 

++ 


jG 3 

■p 

++ 

14 

14 

>p 

++ 


Percentage of cosinophiJs (twelve to twenty four 
hours »fter ranjccuou) in gmne. pgs scnutiied »nd re 


injected with horse scfum. 


prior to reinjection of horse scrum We have etoinated 
animals which showed an eosmophijia prior to the 

the introduction of another vanablc factor would further complicate the > 
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difficult interpretation In this instance, however, table 3b illustrates v, ell the point 
in question of the ii animals listed, 5 had marked symptoms of shock, 7 had none, 
the fact that only the intrapcritoneal, not the subcutaneous, reinjection produced 
symptoms is of course a phenomenon with which investigators have long since 
become familiar 

Results and conclusions The tables are self-explanatory and the conclusions arc 
evident We hate been unable to demonstrate any correlation between intensity of 
shock symptoms and appearance of eosinophils in the pcnphcral circulation o 
giunca pigs sensitized and reinjected with horse serum Our findings compare we 
with those established by pretious authors in experiments which were conducted 
for different reasons, but employ cd a tcchmc comparable to ours They arc also in 
accord with the findings sumnianzcd id cable i, ■where rciajcctioa o apamine 
produced a more pronounced cosinophilia in sensitized guinea pigs ^ 

bumin, although the anaphylactic symptoms caused by reintr uctiono apami 

were much IcjS severe than those which followed the reinjection o osa umi 

VL Response of Nonsensitized and Sensitized Gcunea Pigs to h^Ecn 
Substances Liberated Doeing Antigen-Antibody Reacticin ista. 
Phosphate, Heparin, Adenosine 

Esefermenfal problem It had been recognized early 
antigen, protein, is instrumental in the course o( ability to pro- 

cosinophilia, it is not its direct cause Schlecht had «amin leucine 

duce cosinophilia of a considerable number of substances 
alamne, phenylalanine, glycocoll, asparagine an ^ of com- 
oil aU of these failed to produce an cosinophihc the 

plcxity of the literature on the subject, it seems necessary ^ ^j^-h act and 
chemicals which have been tested fall into two categories ^^porta’nt to 

those which fail to act on vasomotor regulatory ™ portion of described 

disringmsh clearly between the two groups, a co corpuscular elements 

changes might be attributed to a shift in th^^ “Vertei- 

of the blood Dobreff, Doitschineff and Man^ff" ha ^ ^ppl^cation- 

Inngslcukocytosc for this phenomenon, an to 1,, Ug explained on a 

w= “Sul— sj. » 

similar basis Drugs which stimulate or „miioe acetylcholine, hista- 

the first group, e g , epinephrine, atropme, 

nune, substances like sugar or cysteine belong to ^ ^ jngjpis of facto-s 

The distinction which we have just outlin is i.^ jc is possible that the 

■''hich participate in development of peri phera 5_5 ^ ^ the afferent and 

eosinophilic response is controlled by vase ar mcc ^ ,dcDCC points in 

efferent circulation of the bone marrow Parto t Icis conceit able 

this direction Yet, there arc other possibilities to ' ^ specific enztme 

chat the eosinophilic response is due to c emica The anaphylactic 

system, vascular factors might, secondarily, contto 1 gs the con- 

rcaction is complex and invohcs a variety o 10 , coaculabihri o^ the 

traction of smooth muscles in shock tissues, the 
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blood, the eosinophilic response Dragstedt<® has concluded that separate sub- 
stances are responsible for at least two of these manifestations The evidence must 
be considered conclusive that a tissue liberation of histamine, of hepann, and 
possibly of choline occurs during the anaphylactic reaction in vanous animals 
In the dog the liberation of heparin can completely account for theincoagulabiht) 
of the blood and there is no reason to doubt that it may be found in other animals 
Accordingly, the eosinophibc response again might be caused b} a different 
compound which is not > ct defined It is possible that the distinction which wc 
have suggested will facilitate its eventual identification 
The compounds mentioned by Dragstedt appear subsequent!) to the antigen 
antibody reaction Since most of the substances occur under physiologic condiuons 
in the experimental animal, pathologic changes will not result unless the amount 
injected exceeds the threshold of physiologic balance We are unable to predict 
this threshold with regard to the eosinophilic response, accordmgly, conclusions 
must be restricted to the route and the amount used in each experiment 

As far as we have been able to ascertain, no previous studies have been made of 
the effect on eosinophilia of adenosine and heparin There is evidence that either 
might be released during anaphylactic reactions (Rocha e Silver*^} Adenosine has 
a rather weak dilating effect on peripheral arterioles, but administered sub- 
cutaneously, [it] causes a migration of leukocytes to the site of injection, an effect 
which IS not produced by histamine (Best and Taylor**) 

Experimental studies by Gimpbell** demonstrated that gmnea pigs which were 
given o 5 mg of histamine, three times a day for three consecuuve days, showed no 
increase in the percentage of eosinophils during five days following the first m 
jection He found, however, that guinea pigs sensitized and rcmjectcd with ascans 
keratin responded with a more marked increase in eosinophils when the reinj^ioo 
of the antigen was followed by a senes of histamine injections as previous y t 
senbed The same effect could be obtamed, however, if acetylcholine and 
instead of histamine, were used It is difficult, therefore, to interpret Camp * 
findings He used substances of different biologic activity and we cannot t in 
any common denominator The use of antihistamine drugs in our experiments ma^^ 

It possible to inject an amount of histamine which was comj»rablc ^ ^ 
of histamine or histaimne-like substances liberated dunng anaphylactic reacti . 
an amount which would be fatal without this protection, Campbell, m is 
ments administered histarmne intraperitoneally and did not describe any sym 
of shock such as would have to be expected if similar doses were 


intracardially , ,„ronse the 

If nonantigemc compounds fail to call forth an cosinop i . 

negative results might be due to the ineffectivcnesss of the produciDf 

„„o .h= f.=. 0.= of toe '"“PW' ", 

eosinophilia no matter what the stimulus We will have ^ oPthe 

possibility by reinjection of the specific „]d j,c permissible only 

compound under investigation Exceptions to this rule 

if It were possible to obtain a strain of ^nea ^ response We have 
standard eTperimental conditions, a uniform eosinophilic respo 
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discussed the problem \\Jth Dr D H Campbell, whose work seemed to indicate 
that his evpcnmcntal animals responded more homogeneously than ours to sen- 
sitization and reinjection with a \ariety of antigens Dr Campbell was kind 
enough to suppl} us, for breeding purposes, with seseral animals from his strain 
which has been inbred for more than five jears We intend to study their response 
as soon as a sufficient number of animals are available 
Exptnmmtal pracedr/re Guinea pigs (31) were sensitized with horse serum in ac- 
cordance with the tcchnic outlined in Section II Twenty -one days after the 


Tablb ^ — Perctnta^e cf tejtnopbtls tn the peripheral hloetl of horse serstm senstttve f^ettnea peps before, three 
hoters and ticentj hoters after tntracardta! tnjeetton of adenosine, heparttt and hestamene phosphate 
rtspeettrtly Percentage of eosinopht/s tn the peripheral Blood of the same animals before three hoars 

and twenty hours after enlraeardial reenjeetton of horse serum secenty-tvo hours later 


Gnlnea 

Pi* 

No 

Intmcardial inj of 
adeaosine ^ of 
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imsitiziQginicction, thej" were divided into three groups ^ , oj The 

injcaion of adenosine was followed seventy-two ho hcrarin, 

injection of o 75 cc of horse serum of hepann uas 

J nig in o 5 cc of distilled water intracardiall) , horse scrum as 

followed seventy-two hours later by the intracar la mj phosphate o 5 

Wed befoteV third gtoupCO wet -I- “";L“ ter-e* 

®g/I^g in 05 cc of distilled svater intracardiall) , ^ as follow ed 

«nts o 36 mg histamine base The injection of histamine phosphate 
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scvcnty-two hours Jatcr by the reinjection of o 75 cc of horse semm intracardially 
as described before At the same time, a group of nonscnsitizcd gumea pigs (ii) 
were given histamine phosphate, o 5 mg /Kg in distilled water, intracardially 

Differential counts were taken before and three hours and twenty hours after 
each intracardial injection The animals were given bcnadryl, 5 mg /Kg in 
aqueous solution, intraperitoneally, thirty minutes pnor to the injection of 
histamine phosphate and hotse serum, adenosine and heparm were injected with 
out protection Bcnadryl was selected as the antihistamme drug for this senes of 
experiments, because we had previously shown that, per sc, it failed to increase the 
percentage of eosinophils in the sensitized guinea pig 

Results The results of the injections of adenosine, hepann and histamine fol 
lowed by the reinjection of horse scrum are listed m table 4 Adenosine, in the 
amount injected did not produce an increase in cosmophils, the increase observed 
after the injection of hepann is not sigmficant enough to warrant conclusions, it 
might be caused, for mstance, by a minute amount of impuntics which adhere 
even to highly purified preparations 

A considerable numb^ of animals injected with histammc died immcdiatelj' 
after or dunng the first twelve hours following the injection There was, however, 
no apparent difference in tolerance between the non-scnsitizcd and sensitized 
group The non-sensittzed ammals had a differential count of o, o, i, 2, 3 *od 6 
per cent eosinophils, respectively, twenty hours after the intracardial injection of 
histamine phosphate The percentage of eosinophils in the sensitized group range 
from o to 17 per cent, 6 of the 8 animals, however, which arc included in this group, 


had an eosinophil count of 5 per cent or more 
The ranjection of horse scrum makes it evident that animals No 417 aud No 
445 must be eliminated from the series for both failed to respond to the subsequent 
reinjection of the specific antigen Animal No 361 has been included in order to 
emphasize the fact that the response of the guinea pig to any given substance is 
obscured if an eosinophilia is present prior to the experiment, this is true even 
the response to subsequent reinjection of the specific antigen is satis 
Table 4 also lists the differential eosinophil count obtained three 
intracardial injection We arc unable as yet to explain the vanation in spe svi^^ 
which the maximum percentage of eosinophils is reached Animals No 35 ^^ 
No 362, for instance, had 3 per cent eosinophils after three hours, but t c 
showed 17 per cent, the latter only 5 per cent after twenty hours Simi at y 
return to the prc-experimcntal level vanes considerably The behavior 
eosinophils m animals which showed an eosinophilia prior to the reinjection^ 
specific anugen, presents another interesting aspect of the same quesnon^^^^ 
listed, in table 5, two groups of guinea pigs sensitized and 1 ,0 

scrum The first group had not more than i per cent, the secon gro p 
7 pet cent cosmophils before the shocking injecuon of horse serum 
A comparison of the percentage of cosmophils observed m be 

and twenty hours after reinjection, makes us suspect that ^ the 

tween an initial disappearance and a secondary reappearance 
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bloodstream DifTcrcntial counts at short intervals might provide a definite answer, 
thcywould extend, however, our study beyond its present scope 
Conclustons The observation that histamine per sc is able to produce an increase 
in eosinophils in the blood of sensitized guinea pigs, might explain Campbell s 
findings that it enhances the eosinophilic response which follows the reinjection 
of homologous antigen We hesitate on the other hand to draw any more far- 
reaching conclusions as to the underlying mechanism, since Campbell reports even 
a larger increase bv the use, in a corresponding technic, of acetylcholine and 
cysteine 


Vn Correlation of Eosinophils in Bone Marrow, Peripheral Circhlation 

and Shock Tissue 

Experimental problem It had been recognized and stated by early investigators 
that any attempt to understand the mechanism of peripheral eosinophilia requires 
the simultaneous study of bone marrow, peripheral circulation and shock tissue 
Curiously enough, no accord has been reached about the interpretation offin ings 
Weinberg and Seguin,'^ for instance, found in a study of eosinophils in the blood 
and lungs of guinea pigs that 4 out of to animals sensitized but not rcin/ectc wi 
horse serum as well as 9 out of 12. animals sensitized and reinjected 
scrum had eosinophils in their lungs provided they had a high eosinophil count 
in their blood They concluded that the presence of eosinophils in the lungs a 
no relation to anaphylaxis and termed the phenomenon chronic spontaneous 

eosinophilia , j r 

Hajos,« on the other hand, using the same species and the same 
conclusions on the examination of bone marrow, penphera b 00 
of guinea pigs sensitive to horse serum pnor to reinjection an 
forty-eight hours after imntroduction of the specific antigen by 
injection or by inhalation He found that of the three cosino- 

which were re-exposed to the antigen by inhalation s owe a pu 
Philia Homma,>* who used white rats injected with “ Lnvecn 

material, felt c;nfident that he had established a direct 
eosinophils in bone marrow, blood and shock tissue c mai 

pfiils increase in the bone marrow during sensitization an , ^ 

bad been able to correlate their subsequent dcCTeasc in t c^^^ peripheral 

increase in the peripheral circulation and their n established 

circulation with their increase in the shock tissue eosinophils 

Would confirm Ehrlich s concept of the ongm an ,.„„rinn of his methods, 
Unfortunately, his paper contains neither figure nor a cs p experimental 

procedure is not available to us It is therefore 1 po jecided to studs bone 
ments For this and other reasons mentioned car icr, sve^ jcnsitized and 

marrow and shock tissues of a series of guinea pigs , throughout our 

reinjected with horse serum by the standard procedure c p 

investigation 
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The study of bone tnarrow presented us with a number of technical probicins 
Comparative studies convinced us that of the three available methods, marrow 
puncture, touch preparation of marrow, and marrow section, the last gave the 
most consistent results The number of cosmopbiJs withia the arcs, of a grid was 
the technic adopted * 



Fio I Eosinophilj sccutsuUred in the penphety of an inctapulmonary lymphnodc of a guinea 
«D5itized and rcwjccccd ivith hone tenttn tmary hotin tStcr ran;ection Hematoxylin ainre-eo) 


Magnification t X 400 


The examination of shock tissues docs not oflFcr any particular di tics 
lungs which represent the essential shock tissue in the gmnea pig were c assi 
into SIX groups according to the number of eosinophils observed 
no eosinophils o 

few eosinophils (one or two per h p f ) + 
moderate cosinophilia d-d- 
marked eosinophilia -bd-d- 

massiveeosinophilia d-d-d-d- ur„nhern and Seeum ” 

This corresponds roughl} to the classification used by B 

'Wc-are indebted to Dr L R. LimarziforhiiiiiggesnoDsand hit help m ideoiifying tb prep 
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The eosinophils arc seen to accumulate in the perivascular and peribronchial 
connects c tissue Thej arc prevalent in septal tissue and bronchial walls and 
arc imbedded in mucus in the lumen of the bronchi As a rule, a large number 
surround the intrapulmonar) Ijraphatic tissue which occurs normally in guinea 
pigs, and while a few arc obserted in Ijmphatic channels, the major portion is 
found in the pcripher) of the Ijmphnodcs (fig i), a relationship which had been 
described b) Opic'^ more than forty years ago 
Experimental procedure Guinea pigs (i8) were sensitized to horse serum by the 
method previously described Tw enty-one days later, they were divided into three 
group of 6 animals each One group was given o 75 horse serum intracardially 
without protection, the second group received benadryl, 5 mg /Kg in aqueous 
solution, the third groupSY 18, i 5 mg /Kg in aqueous solution intrapcritoncally, 
thirty minutes prior to the intracardial reinjection of horse scrum Three of the 
unprotected animals and two of the animals protected with SY 18 died from the 


result of immediate or delayed anaphylactic reactions 
Another series of guinea pigs ( 6 ) was sensitized by intrapcritoncal injection of 
0 75 cc of I per cent ovomucin in aqueous solution Twenty-one days later, the 
guinea pigs were divided into three groups of two animals each One group was 
given o 75 cc of a I per cent aqueous solution of ovomucin intracardially without 
potection, the second group received benadryl, 5 mg /Kg in aqueous solution, 
the third group SY 18, i 5 mg /Kg in aqueous solution, thiny minutes prior to 
the reinjection of ovomucin One of the unprotected animals died from the results 


of immediate anaphylactic shock 

None of the animals had more than i per cent eosinophils prior to reinjection 
Twenty hours after the intracardial reinjection, differential counts were obtain^ m 
2II the ammals, and in four nonscnsitizcd guinea pigs After the ® 

the animals were sacrificed The first animals were sacn y ^ 

their necks In view of the marked extravasation of blood which faults fr 
violent death, this procedure was abandoned and the majoritv *2 t c 
were sacrificed by intracardial injection of nembutal in aquMus solution - 
mediately after death, postmortem examinations were perfom , ^ 

removed of lungs and of any organ which showed gross pat o ^ sreci- 

femur was carefully opened, the bone marrow pcnciWout 

mens were fixed in Zenker-Formol, fireshly prepared They 

^raffin and stained with hematoxylin-azure-eosin is stain 
actory identification of eosinophils in all preparations gri 
of the microscope was l^ed for the counting of 
marrow The figures th^ obtained arc relative figures and not p 

those quoted by other authors ,v-r.nhcral circulation 

E-esults The correlation of eosinophils in bone marross, perip 

^nd lungs is summarized in table 6 , non-sensitizcd guinea 

t Bone marrow Eosinophil counts in the bone marrot j in the bone 

P'S^ varied from 8 to 5 z in the area of the grid used during ^ 

-JO of pj, prized and from 

be bone marrow of guinea pigs sensitized and 
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Table 5 —Fmtntagc cf cusiaspitli itifm, tbm hears and tmnty hem ejttr rttnjiain) tn ptiate pipi 
jenstttxtd and mnjKted witb htrst stntm 

The first group had 1% or less, the second group from 1% to 7% eosiuophils prior to ranjecoon 
1st group twelve guinea pigs mthont eo- and group twelve gmnea pigs with eo- 

sioophils prior to reinjection sinophils present pnor to ranjecuosL 


j of eoiinopbiU 

3 hrt after 
rejnjectioD 


24 hotirs After 
reinjection 


% of eosinopbOs 

3 hr* after 
reinjection 



20 bonn after 
rtinjeclioo 



Table $ — Comlatton betwttn eostnophth tn hsm marrvie ffnphtral hh»i *nd jipct tissvt iff n^rmslcnirds 
and ^Mtnea pi^s unsttr^ed and rttnjuttd \cttb berst scram and avimmin txnvty bsars afterrttnjtssitn 


Eonnopbils 


Aati blitamine 
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iS to S3 The a\ crage of the animals reinjected tv ith horse serum is slightly higher, 
and of those reinjected with ovomucin considerably higher, than the average of 
noosensitized controls We believe that the difference between nonscnsitizcd and 
sensitized animals is likcl) to be more pronounced before rather than after the re- 
injection which causes a redistribution of eosinophils Two animals must be 
classified as experimental failures guinea pig No 315 failed to respond to sen- 
sitization and reinjection with horse scrum, it showed for unexplained reasons 



PkJ X ^s'nophilia in the lung of » guinea pig sensituxd and nanjcCTcdv^ h 

after reinjection Benadiyl, 5 mg /Kg .ntrapentoneally thuty minutes pnot to remi-c 

’’latoiyliQ iiure-eosin 

th. coMoptal cou.» m .b. b»c 

pigs IS so marked that the cxaminaaon of non-scnsmzed animal 

I conclusion as to whether it has been obtaine om a ^nticen 

from an animal which has been sensitized and reinjected w ^ - 

have not been able to establish any correlation between the number 
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phils in bone marrow and peripheral blood Five guinea pigs which had peripheral 
counts of 10, iz, 16, 17 and 19 per cent respectively, had, in the corresponding order, 
bone marrotv counts of ry, zz, 19, 15 and eosinophils in the grid area 

z Lungs Of the nonsensitized controls, eosinophils were absent m ispcamens, 
one showed a few eosinophils, one a moderate number and none of the controls had 
eosinophils in their peripheral blood at the ume of death Of the guinea pigs 
sensitized and reinjected with horse scrum, 3 failed to show eosinophils in the 
lungs, 4 showed a few eosinophils, 4 bad a moderate, i a marked and i a missive 
cosinophiiia Of the guinea pigs sensitized and reinjected with ovomucin, ifailcd to 
show eosinophils, z showed a few eosinophils, 1 had a marked cosmophilia Of 
the 5 animals which showed a moderate cosmophilia in their lungs, 3 had a pc- 
nphcral eosinophil connt of 5 per cent or more, the animals (3) which had a marled 
or massive pulmonary cosmophilia, had peripheral eosinophil counts of 12^ 16 and 
17 per cent With the exception of the control (guinea pig No 416). the amnials 
which displayed a moderate pulmonarj' cosmophilia, had been protected with 
benadryl, those which showed a marked or massive cosmophilia, with SY 18 
On the other hand, eosinophils were absent m one of the ammals treated with 
benadryl, one of the animals treated with SY 18, a few eosinophils were seen in the 
remaining animals of either group Anti-histaminc drugs did not abolish th 
eosinophilic response in the lungs of guinea pigs sensitized and reinjected with 
antigen Figure z shows the histologic secuon of the lung of guinea pig No 33a 
protected by benadryl 

A defimte correlation appears to exist between peripheral cosmophilia and 
shock tissue All of the animals which had more than 10 per cent eosinophils 
m the peripheral blood, showed a moderate, marked, or massive number of 


eosinophils in their lungs 

Discussion I Bone marrow Hajos”' who tned to correlate cosmophilia m hone 
marrow, blood and lungs, found percentages of i 3 per cent and i 5 per cent of cells 
with eosinophilic granules — myelocytes, myeloblasts and mature cells in the 
bone marrow of nonnaJ guinea pigs He counted a total of 1000 bone manow 
cells — a technic comparable ro our own Acccpnng these figures as a base hoc, e 
proceeded to examine the bone marrow of guinea pigs scnsmzcd to 
The percentage of eosinophils increased to a maximum of 9 per cent, uhi e t 
peripheral eosinophil connt failed to nsc Intramuscular rcioiectioa of thcspcci c 
antigen decreased the percentage of eosinophils slightlj , inhalation of thesjra 
antigen considerably The differential count of the bone marrow, eight to twenty 
four hours after exposure of the sensitized guinea pig to ncbuJiicd horse se^, 
ranged from i per cent to 3 per cent At the time of the decrease in 
the bone marrow, a slight increase was noted in the peripheral Wo . > 
exceed, however, 4 per cent m the latter group We have been una 
the existence of a normal eosinophil count in the bone ,, 

The pronounced variation, m our opinion, is explained b} tnc 
the number of eosinophils present m the bone marrow of j, ^ ,t{,m 

but IS enhanced b) the charactcrisncs of distribution of 
the same bone marrow Figure 3, a bone marrow section of gm P 
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illustrates the irregulantj of the pattern which becomes even more significant 
when the percentage of eosinophils is low The latter consideration is of minor 
importance examination of set eral sections and increase of the total number of 
cells counted might establish a xalid axcrage While it might thus be possible to 
observe increase or decrease of cells with eosinophilic granulation in the same 
animal, vv e do not bcliev e that changes in the fiercentage of eosinophils in the bone 
marrow of different guinea pigs are comparable 



3 Eosinophils in the bone marrow of a non-sensitized guinea pig Hcinatoiy 
™«ni6cation i X 400 


^ Lungs The study of eosinophils in shock tissues has assumed rinips 

^rtance, since Halpcrn^' reported that the injection of 
"^ivcd from thiodiphenylamine prevented the eosinophilia usua > u-jnem m 
Mgs of guinea pigs twenty-four hours after the anaphylactic reaction jutra- 

expenments, used sheep serum as antigen, the sensitizing enrv - 

P'ritoncally m two portions, three days apart, the shocking dose, c ,n 

ays later into the jugular vein He states that this technic to be 

per cent of unprotected animals Its anaphylactic antigeniciO about 

upcrior to the horse serum used in our experiments, we have no 1 tf the senes 

P^^phcral eosinophilic response in the animals thus scusiti 
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of antihistamine drugs studied by Halpcm prevents the development of an eosino- 
philia in shock tissues, while the type of preparations which we have used either 
fails to influence or even increases the number of eosinophils present, the diflcrencc 
thus established should provide a cine of fundamental sigmficance 
3 Correlations The concept of chronic spontaneous eosmophiha which we 
have mentioned in the beginning of this section has been developed by Weinberg 
and Seguin*^ as the result of comparative studies of blood and lungs m sensitized 
guinea pigs before and after reiajcccioa of the specific antigen We have no cause 
to doubt the validity of thetr findings, but we are certain that the observations upon 
which the concept is based require rc-cvaluation, because a large number of the 
experimental animals had a high peripheral eosinophil count pnor to reinjection 
The importance of this distinction becomes evident, if we analyse the factors which 
might influence the number of eosinophils in blood and shock tissne We have 
reason to assume that a specific stimulus such as originates during the antigen 
antibody reaction is necessary to produce a peripheral eosmophiha Opic,'* 
Weinberg and Seguin,^^ and recently Ingraham and Wortman‘* have demonstrated 
beyond doubt, however, that the chemotactic behavior of eosinophils equals that 
of neutrophils, that they are, moreover, phagocytic m vitro and in vivo Ac- 
cordingly, if they arc once present in the blood stream, a vanety of pathological 
changes might account for their presence in vanous ussues, this is one of the 
considerations which has caused us to restrict oar studies to guinea pigs which had 


no peripheral eosmophiha prior to reinjection of the specific anngen 
The second factor which might influence the distribution of eosinophils in blood 
and shock tissue is even more pertment because it apphes to our own cxpcrunciits 
in which the antigen antibody reaction was the immediate and undisparablc cause 
for appearance of eosinophils in the circulation Our studies seem to confirm 
Weinberg and Seguin s observations which correlate peripheral and pulmonaiy 
eosmophiha Yet it has to be pomted out that this apparent correlation mig t 
be seriously distorted Gerlach“ m his classic experiments had emphasized t e 
importance of factors which determine where the antigen antibody reaction is 
localized The lungs represent only one of the shock tissues of the guinea pig t e 
entire gastrointestinal tract, bladder, uterus, and skin arc bound to prticipate in 
antigen antibody reactions and to influence the distribution of cosmophi s 
quite likely, as a matter of fact, that the total number of cosmophi s presen 
shock tissues, other than lungs, might be considerably larger than the p 
fracuon Figure 4 represents a typical example a section of the 

pig No 3x3 which was sensitized and reinjected with horse senOT i,rtic 

although not protected by antihistamine drugs, did not ex it a > , 

symptoms. It was sacrificed twenty hours remjecuon 

eosinophil count of 7 per cent at the time of m ^ ^ and a 

seen in its lungs, the stomach, on the ^ case of the animal 

massive eosmophiha It is obvious that m the disregards the gastric 

which we have just desenbed, a com:prativc the apparent alUnii} 

reacuon would be of doubtful value We X, ,e have examined 

of eosinophils to the connective tissue of the speamen 
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* I ’"“r Inc n I r , , c •• ii in 'lie I orfan' We ln\e no concept of 

t'-c , , ) 1', , -r j v, ' I h ihc V >1 r me ti'Mic iniglit participate in the 



4 r^osinopliils in the lamina propria of ilie Jiomach of » guinea pig> i X to° 

*cnim t^sent) hours after rcinicction Hcmatoxjhn azurc-cosm Magn ca 


, r fhj function of 

s of sensitization, but we suspect that further stu ics has, 

'phils will also uncover a specific function of the connective 
. escaped our attention interest with 


ciniscamincmugi, of cosinopnns lu 

chanism which correlates the presen static lO" 

been solved It is not possible to deci y 
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vcsngations such as ours and those of previous workers whether the increase of 
eosinophils in the blood is the cause or the result of the cosinophiha observed in 
shock tissue It might be necessary to study the eosinophilic response in shock 
organs which arc isolated in vivo and permit the continuous determination of the 
percentage of eosinophils in the arterial and venous circulation with which they 
arc supplied In humans, the investigation of the eosinophilic response in shock 
tissues has been confined to the skin 


Kline, Cohen and Rudolph** found a marked eosinophilic infiltration in the tkin of allergic lodi 
Mduais, tx\cnty to twenty fi\x minutes after injection of cither histamine or specific antigen The inioil 
count of 50 per cent dccrcatcd to about 10 per cent after three hours Nonallcrgic personi to exhibit 
this transitory local cosinophilia, the injection of htstaminc caused only a slight mflamnutofy reactioa 
Jadassohn ** on the other hand desenbed local cosinophiha m the human skin after mcchtmeal u 
ntation injection of morphine atropine or pilocarpine even in the absence of blood cosiaqphilia 
Knott and Pearson** demonstrated m sirruJar snidies that the site of a positive skin test in allcr^c 
indniduaUcootains tis'cnty minutes after injection of the ann^co apfroximatcl/twiceasmanycosiflo* 
phtls as the pcnphcral blood the sice of a negaave skin test in allcrpc indmdaiJs as well as in noroul 
controls, a number which equals the pcnphcral count The injectJon of histamine causes a local coiiao- 
pbilia m the wheals formed in either nooallcfgic or allergic individuals it is twice as high as the pen 
pheraJ count in the fonner nvo and one-half Ttmrt as high in the latter 

It must be assumed that the discrepancies in the findings of the three authors arc 
due to a lack of umformity m those factors which determine genesis and extent of 
local cosinophiha, e g , in type and degree of individual sensitivity We hope that 
the controlled conditions of the animal expenment will permit us to arrive at 
conclusions which clarify the open question about the agents responsible for the 
presence of eosinophils in shock tissues 


Vni Conclusions 

Our results appear to have clarified a number of questions which have obscured 
the investigation of the eosinophilic response It has been shown that discrepanciw 
found in the literature are largely due to vanaaons inherent in the nature of t^o 
anugen, its route of administration and vanations in the responsiveness Q c 
experimental animal We have standardized our cxpcnmcntal procedure to e iim 
natc as many variables as possible Shock per sc does not seem to zccomt ^ 
cosinophiha which develops subsequent to the reinjection of the spcci 
in sensitized guinea pigs The eosinophilic response, unhke the 
rcacuon, is not abolished by the antihistamine drugs which we have m 
scrvation of eosinophils in the blood and tissue of animals thus protect sug 
that there might be important differences between the various ty^ ° .ujc 
histamine drugs which arc now available We have, and 

correlation between cosinophiha in bone marrow, pcrip er 
shock ussuc Although such correlation has been fa, caching 

stances, we have also come to realize the limitations whi pr 

*^°it might be permissible to discuss briefly possible rein 

In view of the fact that eosinophils appear j^j^thefonctionoftbe 

jcction of antigen, several investigators have attempted to relate 
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eosinophil ro the anticen antihod\ rciction md to reproduce its assumed action in 
Mtro Ml thc^c cxj'crinicnts ha\c remained inconclusisc 


^cinhcTfand instance 'cnMtircJ guinea pi^s with repeated mtrapcntoncal injcaions of 

nj-djtid fluid and r'^taircJ a peritoneal exudate rich in eosinophils The cells were washed counted 
ruipendcd man asjrcJ amount of fndaiid fluid and incubated complement fixation tests on the fluid 
heforc and after inciibatim rescaled a hns of anii/^cn proportional to the number of eosinophils in the 
exudate The cxp-rimcntal technic used b) these authors however permits interpretations other than 
those proTcred we hesitate to accep their conclusion that the antigen has been absorbed by the eosino- 
phils which thc\ )urt;c«t might produce specific antibodies after absorption 

’nirec recent publications refer to in \itro experiments on the function of eosinophils in the mechanism 
of antigen antihod) reactions Ringocn’'* writes Olson s recent studies of the eosinophils in immune 
rcjciions indicate that a specific scniitizing product is formed between cosinophilc lcuLoc)tc granules 
and complex p-oteini Osgood ** with Perlman studied the dc\'cIopra*nt of eosinophils in bone marrow 
cultures Eosinophils formed when the specific allergen \sas added to cultures of the marrow of allergic 
patients Thes did not desclop in cultures of bone marrow of nonallcrgic individuals which had been 
*cniiti2cd b) addition of a small amount of allergic serum Histamine did not produce cosinophilia in 
either allergic or nonallcrgic cultures Kirk*‘finall> reports Dr Houghton in tissue cultures of cells 
from normal adults plus the scrum of sensitive individuals produced an increasing number of developing 
eosinophils likewise the )usenilc and adult cosinophilc cells lived longer In an attempt to secure 
additional details we have communicated with each of the authors unfortunately — in part due to 
circumstances bey ond control — none has completed the work beyond this suggesuve stage 


While u IS conccnabic thac in \ itro studies might result in the sudden discovery 
of the function of the eosinophil, in vivo cxpcrinicnts will accomplish the same 
objective by a stead) process of elimination and change We believe as Campbell’* 
does that whatever the function of the eosinophil may be it is the same under all 
conditions Of several theories, however, which have been advanced to explain 
^bc presence of eosinophils in blood and shock tissues after antigen antibody re- 
actions, none has been confirmed 


IX Summary 

1 The eosinophilic response of the guinea pig sensitized and reinjected with the 
specific antigen vanes with the nature of the antigen used, but also with the 
individual guinea pi g in any group sensitized and reinjected with the same antigen 

i Certain antihistamine drugs which abolish anaphylactic symptoms, do not 
abolish the eosinophilic response 

3 The seventy of anaphylactic shock symptoms has no influence on the 
cosmophilic response 

4 Histamine phosphate has no effect on the eosinophil count of nonscnsitizcd 
guinea pigs protected by bcnadryl, it causes a distinct eosinophilic response m 

sensitized animals 

5 Heparin— in the dose injected— produced only an insignificant rise *^bc 
pcnpheral eosinophil count of sensitized guinea pigs, adenosine had no effect 

6 Attempts were made to correlate the eosinophilic response in bone marrow, 
blood and shock tissue of guinea pigs sensitized and reinjected with a specific 
“utigen The variation within a wide range of the number of eosinophils in the 
bone marrow of nonscnsitizcd and of sensitized, reinjected guinea pigs is emphasized 
■A. definite correlation seems to exist between the presence of a large number of 
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eosinophils in blood and lungs, it is shown, however, that this observation per 
mits onl) limited conclusions 

7 The factors which account for discrepancies in the interpretation of the 
eosinophilic response, c g , nature of antigen, route of adnumstration and char 
acteristics of species, arc analyzed 

8 The significance of the findings is reviewed in the light of previous work 
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A FACTOR IN SERUM WHICH ACCELERATES THE CONVERSION OF 
PROTHROMBIN TO THROMBIN I ITS DETERMINATION AND SOME 
PH\SIOLOGIC AND BIOCHEMICAL PROPERTIES* 

Br A on Vriu.I M D , B Alricander, M D , and R Goldstein, M D 

With the Kcimical assistance of T. Addclson, AB and E Promisee 


Introduction 

I N 1945, NolP described a serum constituent, distinct from thrombin, which 
was capable of furthering coagulation More recently. Ware cc al reported a 
substance, designated serum Ac globulin, which activates the conversion of 
prothrombin to thrombin b) thromboplastin Independently, Owren‘ discovered 
a new clotting factor. Factor VI, which arises during coagulation, speeds the 
evolution of thrombin, and catalyzes its own formation These observations arc of 
fundamental importance in our knowledge of blood clotting since they help explain 
the autocataljtic process underlying the evolution of thrombin 
Wc observed that the admixture of scrum to plasma accelerates the conversion of 
prothrombin to thrombin following the addition of thromboplastin plus calcium 
This report presents data regarding some physiologic and biochemical properties of 
the agent (scrum prothrombin conversion accelerator) responsible for this effect, 
together with a method for its estimation A study of its role in blood coagulation 
and in the pathogenesis of certain hemorrhagic disorders is reserved for subsequent 
communic^itions * 


Methods 

Gtntrtl CmnJerttims The determination of plasma prothrombin by the one stage technic’ his two 
disadvantages (a) the prothrombin time is consideraly infloenced by both the concentration of pro- 
thrombin and certain nonprothrombin substances*"**, Oi) above 50 per cent fof normal) prothrom m 
concentration the decrement in prothrombin time with significant increment m prothrombin is so sraa 
*1 to be almost within the limits of error of measurement To obviate these disadvantage ora at 
plasma was suitably diluted with normal plasma rendered essentially free of prothrombin y^ora 
•orption with barium sulfate according to the technique of Rosenfield and Tuft " Plasma so tre« f con 
tains adequate amounts or nonprothrombin substances which alfca the prothrombin time 

This technic is applicable also to the determination of the prothrombin activity o serum ince 
however serum contains a factor which accelerates the conversion of prothrombin to throm 10 it i^^a 
priori evident that the prothrombin times may reflect the concentration of both prot om 
accelerator It would therefore be incorrect to derive serum prothrombin ancnaranins m prot 
times Accordingly we have interpreted the latter m terms of prothrombin activities Tuft” 

PUstru Pnibremhm Plasma prothrombin was determined by the method of Kose e mixed 

o I CC of oxalaccd plaania volume of o i M sodium oxalate solution to 9 vo^up^^ ^ 

From the Medical Research Laboratory Beth Israel Hospital and the Department of Me 
^farvard Medical School Boston Massachusetts 

* Supported by a grant from the Gimmonwealth Fund . 

t Aided by a fellowship from the Rothschild Hadassah Umvcrsity Hospita , jerus 
t Referred to as BaSO, plasma throughout this paper 
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nith o 9 cc of fresh oxalatcd BiSOi plasma The latter was prepared in the foUowmg manner banum 
sulfate (CP ) was added to plasma (too mg per cc ) The mixture was shaken, meubated at 37 C for 
ten minutes, wnth repeated shaking and centnfnged at 3000 r p m for thirty minaca The supernatant 
was kept at o-^C and was used within two hours after its preparaaon as the diluent for the test plasma 
Thromboplastin extracts were prepared every two week's from commeraal (Difco) thromboplastin 
o 1 cc aliquots were pipetted into prothrombin time tubes which were then stored at — X3C Under such 
conditions the potenej remains unchanged for at least tsro sveeks '‘Immediately before use the tubes 
containing the frozen thromboplastin were thawed for to mmntes at 37 C, o i cc of the plasma mixture 
was then added followed by o 1 cc of o 01 M CaCl* solution and the time of clottmg ob serv ed while 
the mixture was constantly stirred with a wire loop All determinations sverc done at least in duplicate 
A curve relating prothrombin concentration with prothrombin time was derived from determinations 
on normal plasma serially diluted with increasing amounts of Ba 50 i plasmiL Plasma piothrumbin 
activity was computed from this curse after correction for dilution 

Smm Vratbrawbm Aettprty Sernm prothrombin activity svas determmed m the sjmr manner Unless 
otherw ISC indicated venous blood was allowed to clot spontaneously at room temperature After stand 
mg for one hoar the clot svas spun and the scrum separated To 9 volumes of scrum was added one 
volume of 0 I M sodium oxalate solution the mixture svas incubated for 30 minutes at 37C, and there 
after kept in the refngerator until used (svithin three hours) Since the prothrombm activity of normal 
scrum IS loss the proportion of serum to BaSOi plasma m the mixture to be tested was 3 to 7 Such 
proportions assure adequate amounts of nonprothrombin factors svhich affect the prothrombin nine " 
Serttm Prarfrromfin Cont'trrten AcetUrator CSPflA). o 05 cc of oxalatcd plasma sverc mixed with o g cc 
of BaSOi plasma, 0 05 cc of oxalatcd scrum were then added and the prothrombm time determined on 
Q I cc of the mixture The SPCA svas calculated by subtracting the algebraic sum of the individual 
prothrombm activities of the serum and plasma components from the observed prothrombin actinty of 
the mixture, the value thus obtained divided by the algebraic sum gives the percentage enhancement of 

ptothrorabic activity For example Assume the plasma to contain 100 per cent (of normal) ptuthrorabin 

aenvity and serum to per cent A mixture of equal volumes of both should show 35 pet cent aaivity 
If the obsersed salne IS iioper cent theSPCAis 

— — X too = 118 per cent enhancement 

53 


Physioi-ogic Properties 

Demonstratton of SPCA The addition of oxalatcd scrum to oxalatcd plasma 
diluted wtch BnSOi plasms sboctcas cbe prothrombin time markedly (tabic i) 
Accuracy of SPCA Array Aliquots of scrum from a blood sample from oncsu ject 
were mixed with aliquots of plasma and BaSOt plasma obtained Ifora a secon 
sub)cct The SPCA s of 9 of these aliquot mixtures ranged from 158 to 168 per cent 
with a mean of 149 (S D 8 6) Ten observations made with the same Krum as 
above but mixed this time with plasma and BaSO^ plasma from a thir in ivi ua 
ranged from 118 to ifri with a mean of 139(5 D 113) Thestanda cviacion 

all 19 observations was 18 7 activity is 

Is SPCA Identical with TbromhnP The question arises whether r ^ 
referable to scrum thrombin which is demonstrabJe in serum s or > ^ 

uon Incubating scrum for one-half hour docs not to prove that this 

though thrombic acuvity is inactivated ^ unitsV^I^' 

serum could inacuvate considwable amount of J- .mmcdiatcb 

Topical Thrombin) were added to I occ A rop „ j„,iturc, incubated 

o 5 cc of pl«». -deeJ (di 
for one-half hour at 37C, gave no dot in i hour when 
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tamed lew than i i<; unitv of tlironilvin when its coagulating effect was compared 
with that of a MandarJ thromhin preparation under standard conditions ^ 

Tile binding of thrombin b\ serum antithrombin is an equilibrium reaction in 
"Inch a small amount of thrombin ma) remain free ” Conceivably, SPCA activity 
may lac due to a trace of thrombin which might not otherwise be demonstrable 
This was excluded b\ the following cvperimcnt (table 3) Small amounts of 
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Corrected for dilution with DaSOi plasma 
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Tadlb — Comparatne SPCA Activities of Prtsh end IncubMttd Seram 


Mixture (cc ) 


Oitl pla^ 
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fneubated 30 minutes at 37C, 
tThis experiment was run immediately after the addition of the scrum to the plasma barium 
sulfatcd plasma mixture in order to obviate spontaneous dotung resulting from thrombin in t c 
*crum 

J Corrected for dilution with BaSO^ plasma 


thrombin added to plasma-banum sulfatcd plasma mixtures had a negligible effect 
on the prothrombin time although the added thrombin induced clotting after a 
atent period The addition of serum wbsch had a largt SPCA actsvst^-, on the other 
and, did not result in coagulation in the same interval 

■C)oej SPCA Activity Affect the Reaction between Fibrinogen and TbrombnP The pro- 
thrombin time measures the speed of both prothrombin conversion to thrombin 
and the reaction of thrombin with fibrinogen Theoretically , SPCA might act ^ 
accelerating the second of these reactions Mixtures of plasma, scrum and BaSO^ 
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plasma were prepared in the usual manner and SPCA determined To o 4 cc of the 
mixtures were added o 4 cc of a veronal sodium chloride buffer (pH 7 38), prc 
pared according to Owren,‘ and o i cc of thrombin solution (Parke-Davis Topical 
Thrombin) containing x 5 or 5 units per cc (in Owren s buffer) The data (table 
4) show that SPCA docs not affect the speed of fibrinogen transformation into 
fibnn 


Tabl* 3 ^■^tmparattrt Bfttts of Thomhw and Strum $n CJottmi of Plasms and on tin Protbroahn 7 V*w 
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• Corrected for dilution with BaS04 plasmi- 


Tabxe 4 — Tht Efect of Serum on the PjaestPitj of Plasma Ptbnnoitn to Tbrombm units th* Ctndmtus 

of the SPCA Test 
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* To o 4 cc. mixture wij »dded o 4 buffer pH 738 (Owren*) »od o 1 cc of « t rom 
f 5 units or xi units per cc. Ootting nme detcrmiocd at 37C 
t Corrected for diiuuon with flaSOr plasma 

Ouanntanv. R>htm:hp bam.n SPCA Effect ,nd Phma-Scrum 
^ activity was determined on mixtures in which the -"-7X30 H 
nd plasma were vaned VVirh o ox to o 30 cc J^^d 

(aSOi plasma To each of the imxt^s. o 05 cc ^ proihr’ombin times 

7ere adjusted to x 00 cc with physiologic saline and tb P 

measured In other expenments the p asma ^P^^^J'^arium sulfated plasma 
■aned, vix To a mixture of o 05 cc , final volume of x c« cc As the 

7ere added o ox to o 50 cc of se.^, and ,,snia prothrombin 

enim conccntrauou increases, the velocity of conversion P 
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to thrombin increases (fifjs i, 3) Maximal SPCA activity is reached when the 
scrum concentration is approximate!) tenfold that of plasma The effect of main- 
uining the scrum constant and sat) mg the plasma concentration is shown m 
figures i and 3 

h SPCA Aennti Due to ThrombopIastnP Very recently, ChargafP^ reported that 
thromboplastin is not consumed dunng blood coagulation This contradicts the 
claim of Mertz ct al ” It has furthermore been shown that platelet extracts can 
accelerate the prothrombin time of fresh or stored plasma The possibility that 


< 



SERUM CONCENTRATION - PER CENT 

Fio I — ^Enhancdtent or Plasma PBOTBaoKBiN Acnvrrr Induced *r Admiitoke or Peoo 

c V » SPCA Acavity 

Inckeasino Amounts or Pkotheombin Free hERUM ^ /S 


the clot promoting effect of serum might be due to unconsumed thrombop 

Xl; 3 ''Zo„b„p...n Co . ccof " 

thrombin determination) to t o cc of oralated serum rM te to a mrrturc 

of Its SPCA activity Furthermore, thromboplastin (.0 05 cc^ „ . rime 

of O 05 cc plasma and o 5 cc of BaSO. ptema did not alter the 
Platelet extracts obtained with saline, distilled HiO or a so utio 

® and lasil, Pa»w As plasma ■= •“tmsSS'" 

activity decreases although the concentration of prothrom in r 




Fio 2- — ^LAsuA Pkothrombim AcTTviTy IK Pi^s>iA'iEJtcru BaSOi Plasma in >vhicti Sbhow Comcbktia 


noN i« Fixed and Plasma Concektxatiok is Vaxikd ~ X ioo * SPCA Actinty 
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This IS due to dctcnoMtion of i libilc fictor * The addition of prothrombin free 
fresh plasma to stored plasma restores the prothrombin time to normal According 
to Mann ct al and Munro and Munro," scrum also can lower the prothrombin 
time of stored plasma Tins has also been confirmed bj us The question whether 
this rcstoratisc abilits of scrum is referable to its labile factor or to SPCA required 
elucidation 

hen normal human blood is added immediatcl) to thromboplastin extract 
C9 o cc blood to 1 o cc Difeo thromboplastin extract), its scrum often contains 
much more SPCA actis it) than the scrum of blood allowed to clot spontaneously * 
An experiment was done in which a scrum, thus prepared, exhibited marked 
SPCA actiMta, although its rcstoratisc effect on the prothrombin time of stored 
plasma was negligible (table 5) It should be noted, however, that scrum obtained 
from blood drawn into thromboplastin is not alwa)s devoid of labile factor 


Table 5 — Cernpartier ef SPCA Activity cf Serum uith its AhtUty to Ktacstputt tbt Prothrombin 

of Stored Plasma 


OxaI Mfum 

S«rum 

SPCA 
activity 
on frtah 
pfa^ma 

Restorative effect of 
lerum on stored plasma 
Prothrombin lime 

prothr 

Stored 

plasma 

Stored 
plasma 
plus serum 
(I 1 ) 


% 

% 

stc 

stc 

From blood dotted \Mth thromboplastin supplement ! 
From blood dotted spontaneously 

0 

300 

87 

51 

Fresh 

4 

1 X1 

87 

18 4t 

Incub 4 hrs at 37C 

<5 

300 

So 

44 >■ 

Kept 16 hrs at room temp 

1 

75 

89 

89 


Oxalatcd human plasma aged 31 days at 4C 

tThis value 15 comparable to the prothrombin time (17 8 sec ) obtained on a i i mixture ol 
this stored plasma svith fresh plasma 


Labile factor deteriorates more rapidly at 37C than at refrigerator tempera- 
ture >3 In scrum aged at body or at room temperature labile factor deterio- 
rates much more rapidly than SPCA (table 5) Additional experiments on the 
lability of SPCA and other biochemical properties will be presented later 

Ejfict of Scrum on the Prothrombtn Conversion Kate of Stored Plasma mtb and uithout 
^tipflements of Labile Factor Oxalatcd scrum from blood drawn into thromboplastin 
Was kept at room temperature for twenty-six hours It was free of prothrombin an 
rich in SPCA A mixture of equal parts of this scrum with stored plasma whose pro- 
thrombin time was yo seconds (indicating i 2. per cent of normal prothrom in 
activity) gave a prothrombin time of 116 seconds (indicating i o per 
thrombin activity) When, however, the mixture was diluted i to 9 with i 
plasma (rich in labile factor), the prothrombin activit) of the scrum-plasma rnix 
rurc Was almost twice that of the plasma alone similarl) diluted with a < 
plasma (table 6) It appears that SPCA needs, for its activity to become manifest 
a factor present in fresh plasma, whole or banum sulfatcd, and absent in store 
plasma 


2-54 


SERUM PROTHROMBIN CONVERSION PACTOR 


SPCA Activity fti the Pretence of hiepartn Hepann added to scrum-plasnia mixtures 
in concentrations capable of lengthening the prothrombin amc of plasma alone 
did not abolish SPCA activity (table 7) 


Table 6 SPCA Aatvtty at Low and Normal Concentratton of Lahtlt Factor 


^^xlure (Parts) 

Prothrombin 

Stored pits 

Sert 

Sal 

Fresh BilSOi pUa 

Time 

Activity per cent 
of sonnsl 





itc. 


I 




50 

I X 

1 

3 


7 

1 >3 nun. 

0 

I 

1 


1 

116 

; I 0 

1 


I 

18 

19 4 

Sof 

I 

I 


18 

13 4 

155 




I 

>3 min. 

0 


• Corrected for dilution with BaSOi plasma. 

t Thii high prothrombin acnvitf of stored plasma dilated with BaSO^ plasma has been reported 
in a preMOus commumcanon ^ Its explanaaon ts soil obscure 
i This scram was icepr ar room tcmpcratarc for 2.6 boats 


Table 7 — Aatltratton of Pntbromhm Aasetty hj Senm tn th< Pnitnct of Htfann 
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1 ActWV, 
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cc 

cc 
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0 05 

0 85 
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0 05 

0 85 

0 05 

0 05 




■1 

1 

I 0 70 


0 
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.. 

39 2 

'5 

0 05 

B 

1 0 05 

[ ® ^ 

0 05 

100 

>3 mm 

<6 5 

0 05 

mm 



0 05 ; 

100 

>3 mm 

5 

0 05 

0 85 

0 05 


0 05 

20 

59 3 

iS 7 

0 05 

0 85 


0 

0 

wt 

0 05 

10 

35 

31 6 

0 05 

0 85 

0 05 


0 05 

5 

58 1 

10 0 

0 05 

0 85 


0 05 

0 05 

5 

33 4 

33 3 

0 05 

0 85 

0 05 


0 05 

1 I 

50 8 

11 3 

36 6 

0 05 

0 85 

1 

0 05 

0 05 

2 - 5 

jr 5 



• Corrected for dilnaon with BaSOi plasma. , , , 1 

t Hepana, Upjohn (jooo amts per cc) This was dilated with phjrstologio 

Btochtmteal Prtfptrttrs 0} SPCA 

Stability The stability of SPCA in oxalatcd ser^ subjected to different tempera 
turcs for varying intervals of tune is shown m table 
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I '^ "^P^cipitablcbj CO, from oxalaccd scrum diluted 

^A n In demonstrable m the supernatant 

the v 7 c'’r ^■’77 according to 

the procedure for adsorbing prothrombin Its SPCA was removed incompletely 


Tahlc B StahtUtj #/ SPCA Aatvtty at Vanous TemperMtsms 
pH 7 8 


TfUimcnl ol oral ter 


Temp 

1 Interval 

remalmog 

c 
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•4 

hrj 

88 

4 

II days 

71 

1-5 

i6 hrs 

6z-83 

37 

4 hrs 

80-83 

4S 

6 nun 

100 

S6 

1) mia 

JO 

S6 

30 nun 
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o 


St 

m 



Fio ^ — SPCA SsNimviTy to Vaxtino pH s 


and erratically If, however, the scrum was oxalatcd pnor to such treatment, the 
SPCA was removed quantitatively 

Oxalatcd scrum Ca-5“4o cc ) filtered through a Seitz pad (Hercules Type S, size 
13 1 diam 3 6 cm ) was devoid of both SPCA and prothrombin activity 
Sensitivity to Various Hydrogen Ion Concentrations Oxalatcd scrum \sas brought 
to various pH s by the addition of small amounts of acetic acid or sodium hj droxidc 
■pvhilc the mixture was constantly agitated After being kept at these pH s for two 



SERLM PROTHROMBIN CONVTRSION FACTOR 


156 

hours at room temperature the sera were readjusted to a pH of 7 7 to 8 } and their 
SPCA activities immediately determined (fig 4) 

Behavior of SPCA to Dialysis The SPCA activity of oxalatcd scrum dialyzed for 
15 hours at 5C in a cellophane bag against oxalatcd physiologic saline solution was 
essentially unchanged 

Heterogeneity of SPCA Dog scrum (prothrombin free) can accelerate prothrombin 
conversion in either dog or human plasma, and its SPCA activity is greater than 
that of human scrum It should be emphasized that these results arc obtained 
whether the diluent of the plasma-scrum mixture is dog, or human, BaSOi plasma 
Rabbit scrum (prothrombin free) also showed excellent SPCA activity on human 
plasma prothrombin 


Discussion 

Recently various investigators* ’ have desenbed clot promoting substances, 
distinct from thromboplastin and thrombin, which arise dc novo during blood 
coagulation The serum Ac-globulin of Ware ct al ’ evolves from plasma Ac-globulin 
which Itself is rclaavcly inert Conversion of the plasma component into the scrum 
moiety is said to be affected by extremely small amounts of thrombin Owren s* 
Factor VI (prothrombinasc) arises in a mixture of thromboplasun, ionized calaum, 
prothrombin and Factor V 

Both serum Ac-globulin and Factor VI catalyze the conversion of prothrombin to 
thrombin To assay the former, an adaptation of the two stage prothrombin 
method IS used * Factor VI is measured by the amount of additional thrombin 
evolved from prothrombin in oxalatcd plasma following addition of the above 
described reaction mixture in which Factor VI has developed For both procedures 
punfied prothrombin is required 

In the one stage prothrombin method the clotting umc reflects, inter aha, the 
concentration of prothrombin and the velocity of its conversion to thrombin 
Modification of this method by dilution with BaSO< plasma lends itself tvell to the 
study of scrum factors which affect the speed of this reaction This technic dis- 
penses with purified components or isolated systems, and is no more complicate 
than the routine one stage dilution technique for the determination of plasma 
prothrombin 

The effect of scrum in enhancing the prothrombin acuvity of plasma is not iwr 
able to thrombin, thromboplastin or substances obtainable from platelets ^e 
factor acts apparently on the velocity of prothrombin conversion to throm m 
Accordingly it was designated rcrum grothrombin conversion accclentor ( ). 

pending further investigauon regarding its possible identity with other su tances 

having similar physiologic properties » • „ u of 

SPCA IS distinct from the labile factor which also influences the ) 

prothrombin conversion The ability of scrum to reactivate the prot tom 
Livity of stoted plasma is not due to SPCA This suMtantiaj« 
sions of other investigators that serum contains labile 
has negligible effect on the velocity of thrombin evolution m P 
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\xliich hhilc fattor his largcl) deteriorated indicates that the latter is necessary 
for SPCA actiMti to he full) manifest 

While insulhcient diti ire aviilablc to establish the identity or nonidentity of 
SPCA with Pictor \"I ind serum Ac-globulin, it may be worth-while to compare 
certain of their properties Ac-globulin is rclativel) stable in plasma and serum, 
IS almost quantitatnch precipitated from aqueous solution at pH 5 4, is not ad- 
sorbed b\ barium carbonate, and seems to be sensitive to alkaline pH s ^ ’ 

SPCA IS similirl) stable and sensitise to alkaline pH s It is, however, not pre- 
cipitated from diluted scrum b) CO; (pH 5 8) and is adsorbablc by barium sul- 
fate from oxalited scrum If SPCA is identical with Ac-globulin the factor is more 
stable in scrum than in purified form since in the latter state about one-half is 
destro)cd at 37C within 30 minutes,* whereas only about lo per cent of SPCA is 
dcstro)cd in scrum it this temperature svithin four hours 

There is one important distinction between SPCA and scrum Ac-globulin The 
latter arises from the action of thrombin on plasma Ac-globulin which, as an 
accelerator of prothrombin conversion, is relatively inert ^ * Very potent prepara- 
tions of scrum Ac-globulin were obtained from plasma to which highly punfied 
thrombin had been added In contrast, we were unable to produce SPCA in plasma 
by adding thrombin In subsequent publications,' furthermore, data will be pre- 
sented indicating that very little, if any, SPCA could be demonstrated in various 
pathologic states, despite the fact that thrombin had been formed as indicated by 
clotting as well as b) substantial differences between the prothrombin content of 
the plasma and that of its respective scrum 

Owren‘ concludes that Factor VI is identical with Fischer s“ autocatalytic clot 
promoting agent which arises during coagulation If this is so, SPCA is not Factor 
VI, since Fischer states that scrum is devoid of this agent 


Conclusions 

I The addition of oxalatcd scrum to oxalatcd plasma accelerates the conversion 
of prothrombin to thrombin in the presence of optimal amounts of thromboplastin 
plus calcium 

2. The scrum agent responsible for this effect is distinct from thrombin, throm- 
boplastin or labile factor We have called it the scrum prothrombin conversion 
accelerator (SPCA) 

3 A method for its assay is presented 

4 Some of Its physiologic and biochemical properties arc desenbed 
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REFINED LD^R EXTRACT IN TROPICAL MACROCYTIC ANEMIA 
ByJ C Patel, M D , Ph D , and Y M Bhende, M D 
Introduction 


N APIER’ and Moore ct aJ “ wrote a few years ago that therapeutic observations 
with different liver extracts, material containing the extrinsic (food) and/or 
the hemopoietic factors, would alone help to elucidate the etiology of tropical or 
nutritional macrocytic ancmia(s) Emery and Hurran’ advocated dosage require- 
nicnts, based on units, in the treatment of more complex macrocytic anemias and 
hoped this might lead to the resolution of the divergent views held by different 
authors on the relative efficacy of crude and refined liver extracts 
Since the early observations of Wills and her associates’ ' on the inactivity of 
refined or pure liver extracts in the treatment of tropical macrocytic anemia 
(T M A ) a number of workers have reported its effectiveness in varying doses 
Napier et al ® found Anahacmin potent in a few cases of T M A Foy and Kondff 
and Fairley® treated cases of nutritional macrocytic anemia (N M A ) with larger 
doses of Anahaemin and found it effective Trowell,® in East Africa, observed that 
11 ml o' Anahaemin per week was required to produce an optimum response in his 
6 cases of T M A Sundaram'® treated successfully 13 cases of T M A with 11 ml 
of refined liver extract Moore ct al ’ used Rcticulogcn in the treatment of 15 
cases of N M A of pellagra with good results 


Material and Methods 

The present paper rcporti the use of refined iivcrextraccs in a senes of 45 cases of T M A asfoundin 
Bombay The refined liver extracts used were Anahacmin (British Drug House) Exaracn (Glaxo) 
Rcciculogen (Lilly) and Examcn New Potency (Glaxo) 

The cases presented were studied dunng the last eight years Thirty one of the 45 cases were invcs 
ugated in detail according to the procedure advocated by us" the rest have been included in this report 
I’ecause they were cases of severe anemia with (i) clinical history' and findings similar to those which 
were diagnosed as T M A after a thorough investigation (1) a high color index (3) predominant maao- 
cytosis in the peripheral blood smear (4) free hydrochlonc acid in the gasme juice with or vithout his 
t»mine sumulation We may emphasize that chough the presence of free hydrochlonc acid in the gastnc 
juice IS in favor of the diagnosis of T M A (as opposed to Addisonian pernicious anemia) ir absence 

docs not negate such a diagnosis " " , . , a ,1 

All the patients except one had an initial blood count of less than 3 00 million red blood cells per ni 
The patients were kept on the hospital roillc diet dunng their first fortnight * 
on an entirely vegetarian diet consisting of chapatics (home made bread of si heat our) ncc a 

zration made from pulses) and green and cooked vegetables It has been our expenenre ( ’ ’’ 

hematologic improvement occurs in patients kept solely on this diet Besides this hospiul diet these 

cases of anemia sverc given an alkaline gentian mixture if the gastric analysis shone ncvma ywroc 

acid content and an aad mixture if there ssas hypoacidity or achlorhydria Iron was rot adnini.t-^ 
Viumins of the B complex group svere administered by mouth or bs injection to son- o th- later cases 

in addition to the refined lii-cr extract in questio n Theefficacy of the liierextract th-rapi asa s. 

From the Singhanee Hindu Hospital Bombay and the D-partment of Patholocr >^th G 5 V-di al 
Allege Bombi) Indu 
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Table 1 — ConUnuei 
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In this senes, 35 sserc males and 10 females One was 15 years old, j 6 were between lo and 13 years 
13 between 30 and 35 ) ears and ii between and 49, 1 svere above 50 (one 50 yean the other 71 years 
old) Thus, 3 1 out of 43 w ere between lo and 40}xars of age The frequency of the commoner symptoms in 
this senes was in the following order diarrhea in 35, stomatitis and glossitis m 30 loss of sveight m 2.3 
low fever in iz edema of legs in 7, nausea and vomiting in 3 and parasthesias in 3 Of the series, 4 gave a 

positive Wassermann reaction and in I case there was a coincident malanal infection 

Of the 45 cases 4 were treated with Anahaemin, iz with Examen, z with Reticulogen and zy with 
Examen (New Potency) The dosage was not uniform In the later stages, an attempt was made to deter 
mine the minimum dose of refined liver extract which could be considered effective 


Case Histories 

Grouf X — Four Cases Treated with Anabaemtn 

c«r r A male, aged 37, was admitted for recurring attacks of diarrhea and stomatitis of one year s 
duranon He had a hisumine fast achlorhydria Examination of the blood showed a 

RBCi48mill percu mm.Hb 3 33 Gm pericoml.MCV ^5 « n M C H C z8 z ^ 

cent The marrowgram showed a megalt^normoblastic reaction He responded well to z m ^AmAae- 

min After iz dayfhe was given a further z ml , the dose being repeated weekly for four weeb The 

response in the laL stages was not optimum but when iron was given in addition the 

was adequate and he reaped the average normal blood level without any T M A 

has been followed up for eight years and ha. had no relapses so far It 

even though he had a histamine fast achlorhydria We have met wuh not a few ^ ^ f 

* histami^ fast achlorhydria (Bhende>< and Bhende and Pate >0 This case W ^ the eryth 

rocyte maturationfactoras well as that of iron (the s^alWibrnor^icane^^^^^^^^^ 

Carr a A female, aged 30 complained of frequent atacks of diarrhea stomati tis and bw fe^er oU x 
months duration Rl:J7.mill E^^mm ^ ” j' 

35 I per cent The marrow was hypopUsne and shovved ^ joevte intf^ without any rise in her 
bl^ She was given Anahaemin z nd There was ^slight ^ ^ 

blood count She was then given Anahaemin z ml daily X* nJ fhr hemovlobin 

reticulocyte response followed by an adequate rise in ord^^hea and stomatitis and attacks of 

Ca« r» A boy, aged 13 was adimtted for «„ ^1 per cu mm Hb 10 03 Gra pn- too ml 

Dau 5 C 4 and vomiting of three months durauon tUH,- 4 ^ ^ .rUlnrhvdna The marrow reaction 

MCV tioxcun MCHC j^IPcccent He had a histamine ^t ^lorbydr ^^^ 

was megalo-normoblasac He was treated with Anahaemin i ml daily > 

eiiarrhra stoiDatJtis and rencral "‘cal 

Oif 13 A male aged zq, admitted for low fever intermit ^ ^ 

ness of three months duration RBC i 48 mill P^ ten days The reticulocy te response w as 

MCHC 36 7 per cent He was given Anahaemin z m a 7 -„,niom and was maintained without 

“ 4 per cent on the ninth day Improvement in founcen ^ therefore both optimum and 

*ny further treatment for a period of thirty nine days c 

sustained 


Comment on the Cases ttt Group I r ml i 

It can bo scon thgt of those 4 cases t responded .ell ^ ^ 

111 not respond to a similar dosage, but law hen go en a large dose 

.and TheThtrd responded . 05 ml »■' 1 ^“ 'rds •no.'show 
of zo ml The improvement continu^ lo Anahaemin is c/Tcctnc in the 

clearly that tn some cases of T M A . but not in Ca,^ 

small doses which arc effective in Addisonian pc Josacc of lo-i- ml in the 

to a small dosage respond well to resixinsc. thc^e rcsult< a^e 

first week, Anahaemin seems to produce P 
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w agreement with the findings of TrowclP and Sundaram « When given m larger 
total doses (larger than ixml ), the response continucsfor a longer penod 

Gr^up II — Tticlte Cases Treated wtth Examen 

^ 3 5 y^car oJd female complained of general weakness and stomititis of six months duration 
RBCi88miU pr cu ram , Hb 8 99 Gm per too m! M C V 117 ocu ^ M C H C 39p:r cent She was 
given i ml Examen The highest reticulocyte cooni was 4 i per cent on the fifth daj Improvcincot m ten 
days was optimum but v.ti not maintained and the blood count fell slightl> in the next ten days 
Csse iS A male aged RBC 1 1 null per cu mnu, Hb 5 33 Gm per too ml M C V 137 cu^, 
MCJfC 33 5 percent Response to 4 ml of Examen in ten days was optimum 

Cast ir* A male aged 14 years was suffering from diarrhea stomatins and attack of vomiting of one 
month s duration Examinatioo of the blood showed RBC i 34 null pa cu mm Hb 3 40 Gm per ico 
ml He was treated with 8 ml ofExamcngivcomthcfirsttwodays A miximura reticulocyte response of 
36 per cent was recorded on the fifth day and the imfs-ovcmtnt was optimum 

Case iS A 30 year old male was admitted for intcnnittcnt diarrhea for the previous three months and 
low fever and general weakness of SIX weeks duration RBC 2-48 mill p*T cu mm Hbi0 38 Gm per 
100 ml MCV ii3ocu#i MCHC 36 9 p*r cent He had a complicating ulcerauvc colitis and his 
blood Wasscrinann reaction was positive There was a histammc-fast achlorbydna He did not respond 
to Examen to ml given in the first four days neither did he respond afterwards to 60 ml C5 nil daily) 
of crude liver extract CLiIly) He was given arsenic in|cctiocis for his syphilis while he tsas having 
crude liver extract He left the hospital against advice without aoy impro\emcnt 


Comment on the Cases m Group II 

Cases }, /, and 6 responded well to ix ml to 14 ml of Examen Cast 7 responded 
poorl) to xo ml of Examen but subsequently showed a better, though not an 
optimum response, to Campolon 75 ml given in twenty da) s ^Vhe^l Examen was 
given in large doses of xx ml in Cast 14 and Case :s, of xo ml m Case sy, and of 
31 ml in Case ii, the response was not only adequate but persistent for nun) dap 
afterwards In this series of ix eases of T M A treated with Examen, x showed 
adequate response to a small dose of 1 ml and 4 ml , and, 3 to a total dose of 11 to 
14 ml , but neither these dosages were able to sustain the improvement £>e)on a 
period of ten to fourteen days In 4 patients, a larger dosage of xx ml m 31 ™ 
not only able to produce a good response, but this response was maintain or 
days afterwards In 1 ease, 10 ml of Examen did not produce an) ira^vOTcnt, 

but later this ease did not respond to crude liver extract cither Anoc ers owe 

a poor response to xo ml of Examen, he was immediately afterwards treat wi 
Campolon (Bayer), 75 ml But even with Campolon the response was compara 
tivcly poor and slew 


Cfvnp III — Tuv cases ofT M A Treated wstb Ktttculoien 

c«, J A male aged 17 years complained of retomog attach of and 

months He suffered from diarrhea while under observation m the narf ur < „ Gm per 100 ml 

there svas a hemic murmur in the precordial area pos.t.w Hewx 

M.C V 1.5 o cn n M C H C 34 4 P=e cent The Van den Bergh rcao h* ^p^pemd-d 

treated with Reticulogen 05 ml daily for eight da) 5 The lespons- wa pow 

well to Campolon 1 ,cr,lness of tuo months duration There 

Carr , A male aged 38 7«n; complained •n.-spleenandiheliserver- 

history ofdiarrhea the presious year ^ ^ MC\ .oSen n MCHC 3-4 

both palpable RBC 1 36 Hb4 84Gm per too 
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per cent The Van den Bergh reaction was indirect positive He was treated with Rcticuloeen 8 ml in 
eight dajs the response was adequate 

Group TP Cases o/TMA Treated with Examm (New Potency) 

Towards the end of i^qq Emcrj and Hurran* had prepared a refined liver extract which contained 
a minimal amount of solids and was consistently effective in a small dosage in Addisonian pernicious 
anel^ One ml was extracted from 60-80 Gm of liver This liver extract (Examen New Potency [N P ]) 
as been used bj us in the treatment of 17 cases of T M A since 1945 It was used in varying doses 10 ml 
inCaseig 11ml in Case 10 and 8 ml inCasexy it produced an optimum response in all In 1 out of the 
3 the response was maintained for a few days afterwards Six ml of Examen (N P ) (i ml daily for 

t SIX days) was given to 6 cases (Nos 11,2-4 ay 16 1710818) Ini(Nos iiandiy) not only did it 
produce an optimum response but the effect was maintained for a further period of about three weeks 
In the remaining 4 cases (Nos 14 16 17 and 18) the same dosage produced an optimum response In 
I^ave 13, 5 ml of Examen (N P ) did not produce any response Later Plexan crude liver extract 14 ml 
was equally ineffective In 5 cases (Nos 19 30 31 34 and 35) Examen (N P ) was administered in the 
dosage of 1 ml for the first three days a total of 3 ml for each case In 3 (Nos 19 30 and 34) there was 
an optimum response in i (No 35) a suboptimal and in i (No 31) no response at all Cast ji was ad 
nutted in the general hospital 13 days after delivery (a stillborn child) displaying pregnancy anemia 
She left the hospital without further treatment Ten cases (Nos 33 37 38,39 40 41 42. 43 44 and 45) 
"rre treated with 2 ml ofExamen(NP) It produced an optimum response in 5 cases (Nos 33 38 42 
43 and 45) suboptimum response in 4 (Nos 37 39 40 and 41) and no response in the last case (No 44) 

37 not only showed an optimum response to 2 ml of Examen (N P ) but the response continued for 
a period of thirty four days Cast 44 who had a positive Wassermann reaction failed to respond to 12ml 
of potent crude liver extract subsequently Its Casts 44 and 38 i ml of Examen (N P ) produced an opti 
nium and suboptimal response respectively (Cases 30 32, 33 and 34 have been the subject of a separate 

report by one of o$'») 

Garment on the Cases tn Group IV 

Froin the above findings we conclude that Examen (N P ) produced an adequate 
hemopoietic response in all cases with the exception of 3 (Cases 13, 31 and 44) A 
total dose of z or 3 ml seems adequate to obtain an optimum response in the major- 
ity of cases In an occasional case, even i ml has given satisfactory results When 
given in the larger doses of 6 ml , not only is the response satisfactory but its 
hemopoietic effect continues for many days afterwards 

Discussion 

No better initial response is likely to be obtained in an uncomplicated case of 
■Addisonian pernicious anemia by giving a dose larger than is necessary to produce 
311 optimum response as defined above (Emery and Hurran’) Probablv the same 
statement is applicable to the treatment of T M A In a total of 45 cases of T M A 
treated with refined liver extract, 39 responded satisfactorily, 32 gave an 
optimum response and 7 suboptimum response The 6 cases vvhich did not respond 
to refined liver extract were as follows Case 8 did not respond to Rcticulogcn 
hut later responded satisfactorily to crude liver extract Cases /, 16, -3 ^nd 4^ 
not only did not respond to refined Ever extract but failed as well to respond 
to crude liver extract administered subsequently Case3i, pregnancy an-mia, 

tl'd not respond to refined liver extract during her stay of one yveek but then 
she did not stay m the hospital long enough for detailed observations Thc'e vvera 
only leases, then, which did not really respond to refined liv cr extract 
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The above observations are in general agreement with those of Foy and Kondi,' 
FairJey,* TroweJJ' and Sundaram.w but differ from their findings in that the dose 
found efi'ective in our series is much smaller than that used by any of them 

Some textbooks’* recommend that any liver extract, no matter of what 
type, should be given in a certain dose volume ^e g , z ml or 4 ml twice a week) 
in order to obtain a satisfactory remission in Addisonian pernicious anemia and 
the allied conditions Dyke and Della Vida” have adopted the arbitrary entenon 
that any liver extract producing a good response with a total dosage of less than 
10 ml over the first fortnight should be regarded as suffiaently potent for thera- 
peutic use There are no similar criteria available for T M A If the above entena 
are applied to T M A it can be deduced, from our results, that refined hver 
extracts used in this scries were definitely of therapeutic value, particularly the 
Examen (N P ) But, as Emery and Hurran* have pointed out, the volume is not 
by Itself an indication of its potency It is the therapeutically active principle of the 
solid content which is the deciding factor, and this can be dissolved in varying 
quannty of the fluid-base In the absence of a reliable and generally accepted 
unttage in assaying the potency of liver extracts,* the important point is the quan 
tity of the original liver from which the active solids have been extracted The 
difference between the efficacy of crude and refined liver extract, expressed 
in terms of original Itvcr, should be the ultimate basis for discussion Originally it 
was found that in the treatment of Addisoman permcious anemia, crude ex- 
tract derived from 60 to 80 Gm of liver produced a satisfactory response, whereas 
the equivalent of zoo Gm of the original liver was required when administered in 
the form of a refined liver extract In the process of purification, acuvity might 
be lost in the discarded side fractions, it might even be totally destroyed Or, the 
hemopoietic activity of a liver extract may be dependent on the simultaneous 
presence of more than one substance as postulated by Jacobson and Subbsrorv 
some years ago Possibly some of these factors might be removed dunng the coo 
centration or purification Emery and Hurran’ claim to have produced a refin 
liver extract (Examen N P ) contaimng in i milliliter, the equivalent of 60 to 
Gm of liver, which in i ml dosage was effective in 3 cases of Addisonian 
Clous anemia, thus removing the discrepancy between the response to renn 
and crude extracts in terms of the original liver 

The average amount of crude liver extract required to produce a satis actory 

response in T M A varies with the brand Twenty ml (equivalent to 100 m 0 

original liver) of Campolon was used by Napier’ and by Wills and i^ans 
ml of Plexan (equivalent to 90 Gm of original liver) and 8 ml o ^ 

Rao s laboratory) (eqmvalent to 100 Gm of original liver) w ere consi CT 

sary to produce a satisfactory response by Patel ” This ‘ ,n 

liver extract derived from about 90 to too Gm of original liv . „ l. -gec- 

vmarc-eofTMA OnetozS of Examtm(N P)whi^ ” 

nve m T M A will be derived from to izo Gm m 

discrepancy between the response to refined and c 

* The United State* Pharmacopoeia ha* 
to be reliable and are based on assay* in human cases of Addison pem 
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T M A m terms of the original liver, which was so noticeable in the past, is now 
insignificant It will be noticed that the amount of active principle (original 
Jiver) needed to produce a satisfactory response is more than that required in 
Addisonian pernicious anemia, but otherwise the deficiency in the majority of 
cases of T M A seems to be similar to that in Addisoman pernicious anemia 
Moore et al - working in the USA discussing their successful treatment of 
N M A with highly purified' liver extract (Reticulogcn) concluded that cither 
(i) the N M A found in the United States differed in some fundamental respect 
from the N M A seen in India, or, that (z) the purified liver extract used by 
them contained some hypothetic substance not found by Wills^* ‘ in Anahacmin 
From the therapeutic results obtained in the present scries it can be reasonably 
stated that tropical macrocytic anemia in India docs not differ fundamentally from 
the nutritional macrocytic anemia found in the Umted States or elsewhere 
Obviously, then, calculating in terms of onginal hver and comparing the re- 
sponses obtained by the “crude and the newer “refined extracts in Addisoman 
pcmiaous anemia and in T M A it can be inferred that a considerable amount of 
active principle was probably not extracted in the older “refined hver extracts, 
Md, hence, the discrepancy in the results obtained in the past both in Addisoman 
pernicious anemia and T M A This might, possibly also, be the explanation of 
the conflicting results obtained in the past by vanous workers in the treatment 
of T M A with refined liver extracts Fairley® believed that there was no ad- 
vantage — on the contrary a disadvantage of a higher cost with the use of re- 
fined liver extract in the treatment of T M A This is true if one has to giic large 
doses, but if 3 ml or less be considered a satisfactory dose to obtain an optimum 
response, the cost will not be much higher and there would be the added advantage 
of less pain locally and of reduction in the systemic reactions to the injections of 
the hver extracts 


Summary 

I Ascncsof45 cascsofTM A treated with refined liver extract is reported 
2- Refined liver extract was found to be effective in 39 cases 

3 ft was found that i or 3 ml of refined hver extract (Examen N P ) was s 
rtent to produce an optimum response 

4 As judged from therapeutic observations, it is suggested that in the majont) 
of cases of T M A the deficiency is similar to that in Addisoman pcrmcious anc- 
nua. though the mode of production of the deficiency may not be the same 
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A CASE OF CYCLICAL AGRANULOCYTOSIS WITH MARKED 
IMPROVEMENT FOLLOWING SPLENECTOMY 

By H W Fullerton, M D , M R C P , and H L D Duguid, M B , Ch B 

I N 1946, Vahlquist* described a case of true cyclical agranulocytosis and sum- 
marized the findings in the other 5 eases reported m the literature before that 
time Since then, the number has been increased to 7 by an example published in 
1946 by Reznikoff = In 5 of these cases, the condition had commenced in infancy 
I and was characterized by periods of complete or almost complete disappearance of 
ncutrophjJ Jcukocyrcs from the peripheral bJood at regularly recurring intervals o 
approximately li days Pyrexia and ulceration of the mouth were the mam f'^a^ures 
of the attacks Of the other i published cases, one was a girl of 18 years* and the 
other a woman of 43 years ■* Some examples of agranulocytosis occurring rcpcatcdlj 
at the time of menstruation have been properly excluded from the grimp o 
idiopathic cyclical agranulocytosis because the possibility of the women a ccte 
having taken drugs (e g , amidopyrine) at the onset of menstruation was not 
excluded 

From a perusal of the published case reports it is obvious that the characteristic 
features of cyclical agranulocytosis have been latnguing enough to stim ate ® 
investigation into the pathogenesis The report by Imcrslun is t c , 

example of the extensive nature of the investigations which avc ten pe 
in the study of this peculiar condition Her patient, a boy 0 i ' . .. 

suffered from the disease since the age of 14 months, was sub/ected to t O 
hematologic, biochenucal, bacteriologic and endocnnologic ^ 

abnormalities which could clearly be correlated with the Icukocyti g 
discovered Therapeutic efforts have been equally energetic an 
nucleotide, blood transfusion, yellow bone marrow, the vanous . ’ 

«tract, anterior pituitary extract, ultra-violet light and ^hort-uave therapy are 
some but not all of the measures which have been use , an " , 

succeeded m preventing or even in significantly mo 1 ymg t c [^cn 

occuirence of agranulocytosis and the associated sympto^ imprL 

done in only one of the reported cases, and was follotscd by no notable impro 

The patient to be described is apparently second, because 

developed cyclical agranulocytosis in adtanced a u t bil leulocttcs 

Splenectomy has greatly modified the recurrent fal s i 
and has abolished his symptoms completely 

Case Report 

I o»>.= 

1946 

From the Dcpictmenc of Medicine, Univcrsitj of Aberdeen Abcr 

2.69 
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EFFECT OF SPLENECTOMY ON AaRANULOCYTOSlS 


cf pmint ilhat In October 1545 he thooght he h«d lerer felt gcncralfy unwtU md hid 1 
courjcof jaIphjdiaanctaWett(co«lz8Gin ) In Jjniuty 1346, he hid i punful throit and coopmcOTiDt 
and nndertwmt another course of sulphonamidct Sore throat recurred in February 1346 and, m addmon, 
he developed bods to the necic and an ischio-rectal abscess Another course of lulphadiaaine was uten at 
this time In March he again had pain in the throat and for the fourth time had sulphadianne orally 
Unfortunately, it was impossible to obtain exact details of these illnesses bnt the patient was quite 
definite that on each occasion infection had developed btjan sulphonanude was 

Shortly before admission to hospital the ischio-tectal infection recurred and he had tote throat 
Fast htstary Seventeen ytirt ago he developed rheunutoid arthritis which was treated by tablets, be 
had no injections This kept him from his work as a laborer for five years He was then able to work and 
had little disability except for occasional stifi'ncss and pains in the knees for which he has taken aspirin 
During the 1533-45 war he was a cement worker 



Fio I Chabt Showing VAaiATioNS xn thh Absolut* Noatraa or Ntxmorau, Poltsioitbs 
FN represents pentnncleotide therapy, BEN benadiyl FYK. pyndoxine, SD sulphadiiuiie, SP 
splenectomy The cross-hatched areas represent penods of pytexra 


Famtlj htstny Two brothers, one 15 alive and well the other died of consumption at e a^ ^ 
His only aster is dead cause of death unknown to pauent Mother died at 38 years cause u no 
Father died in his early forties as a result of poenmotua. The ptacot is mamed and his two sons an 


was a wcll-nounshed weU<olored man Thctc was some 
both ysnsa and the roetacarpo-pbaJangea] joints with slight linuutiiw of no 

heart was not enlarged and the sounds were normal Erammation of the vano sys 
nouble abnormahnes. in particular it was noted that the spleen was ineach 

Coast tf tit, lints, Betweenjune 1346 and Match 1347,^' uttullyfura period of 
of which the neutrophil polymorphs disappeared rarely from .wenT-tif" 

fourtofivedays ■n.eintetvalsbetwccn theattack.^rema^bly 

to twcuty-etght day. (see fig t). Ea^ stuck was f of the tbro.t and 
ness, headache, pyrexia and variously locahied infections Infiammation anU enema 
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^n,unct.vK,s, .nt,s blcpharu., rccnrrcocc, of the ttch.o 
>tjn occorred ^ superficial ulcers on the gums and tongue and areas of acute inflammation m the 
ittaclc As the e "*"1°“' depression became more marted with each succeeding 

Pfuciia settled ''"PP'^ed m the blood, the various infections rapidly disappeared and the 

wb2,'r""'?‘ neutrophil polymorphs are presented graphically in figure 1. 

0\\’S also the time intervals b-twceo the midpoints of the phases of a^anulocftosis It is to be 



that between attacks the neutrophil pol/morphs did not reach normal but were b'tween i ard 5 

ouiand per cn mm except on one occasion Ci-i7th day) when a figure of ncarl> 6000 was reached this 

incidcd With a recurrence of the ischio^cul infection and was the onI> occasion on which in'^-crion 
irom the phases of agranaJocjTosis 

^ ^nTtsttgattens The blood Wxsscrmann reaction was ncgatisx Throat swabs usuallr CJ'‘^ ^ 
of suphyJococcus aureus Blood cultures wxrc sterile \ rav of chest svas norma] \-rar th- 
a *bos\xd chronic infection of the antra Blood counts >rcrc done almost daily thrc'-cho-r t*’* 

patient t stay m hospital 

n the period before splcncctomj in March 1^47 C^^oth daj) the ontsraoding f*a rurc tiis th* c'" 




EFFECT OF SPLENECTOMY ON AGRANULOCYTOSIS 


2-72- 


disappirancc of neutrophil polymorphs for four to five days every three to four weeks The viniuons m 
these and other cells throughout one complete cycle arc presented in fignre a. It is to be noted that the 
disaparancc of the polymorphs preceded the nse of temperature Thronghont the presplenectomy period 
the hemoglobin and red cells showed no significant variations from a level of 80 per cent (Haldane) and 
^ o millions The platelets varied between loo 000 and 350 ooo per cn mm and althongh the lowest 
figures were found during phases of agranulocyrosis considerable variation occurred between attacks 
The eosinophil polymorphs varied from o to 700 per cu mm but their number shosved no correlation 
with the ncntrophil pwlymorphs The lymphocytes always increased during an agranulocytic phase 
extent of the increase varied with a maaimum of € 700 per cu mm The basophils and monocytes 
showed no notable changes 

SPECIAI, investigations 

BoHe marrow jtudtts Because it seemed important to determine ivhcrbcr the 
periodic disappearaoce of neutrophil polymorphs was due to a failure in the produc- 


Tabls I — Stmjal Mamw D/ffennttal Counts 
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tion of these cells by the marrow, or to their excessive destrucuon ter e ivco 
into the blood, eight aspirations of sternal marrow were perform 
of a few days throughout one typical cycle The differential counts o t 
ated marrow cells arc presented m table i It is to be note t ' 
centage of normoblasts vanes between 92. and 43 6 absolute 

lations occurred in the ird cell count, u may I- Von n the trcc^ 
number of normoblasts remained fairl> constant and ^ ‘ thc^cutro- 

age figures is due simply to changes in the other marr^ « ’ ^ ,^0 

phil polymorphs and their precursors «!. and the absolute 

marrow is greatest when the percentage f V"* indicated bv the percentage 

increase m the granular cells is of greater deg^ than « i „„ m the mar- 

figures in the table In figure 3 , the neutrophil cells and F 
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row ha\c been charted so that their course can be compared with simultaneous 
vanauons in the number of neutrophil jiolymorphs in the blood It is clear that a 
nsc, first in mjeloblasts and prem} cloc> res and then in myc/ocytes, in the marrow 
precedes the appearance of neutrophil pol) morphs in the blood, and the early forms 
of the m}eloid senes decrease in the marrow a few days before the fall of neutrophil 
polj-morphs in the blood It follows that the underlying cause of the phases of 
agranulocjtosis was a periodic failure of the marrow to produce neutrophil poly- 
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mycloc> tcs and polymorphs and only 135 neutrophil polymorphs per cu mm in 
the blood This could have been interpreted as a maturation defect m granular cell 
formation, whereas the true explanation is that formation of mature cells from the 
regenerating myeloblasts and premyclocytes had not yet occurred at the time of the 
aspiration We believe that erroneous conclnsions have been drawn by several 
wnters from the results of a single marrow examinauon in agranulocytosis 
Mnnahm Test Dunng an agranulocytic phase and nud-way between two attacks, 
I o cc adrenaline was injected subcutaneously and white cell counts were p«- 
formed at intervals after the injccaons In the phase of agranulocytosis no sign 
cant change in the neutrophil polymorphs was found following ±c injecuon 
(before injection, a3 neutrophil polymorphs per cu mm , i^imum 
106), whereas between attacks the neutrophil polymorphs were mere 
1670 to a maximum of i£oo, 55 minutes after the injection 
Tramfusson of Patients Plasma In an attempt to discover if a facto 
depressant action on leukopoiesis circulated in the patient « P “ w^s 

intervals coinciding with the phases of agranulocytcwis, one p J 
removed from the pauent on two occasions (at the beginning of 
Td-ly between attacks) and the plasmas were injeaed --veno- y Jim 

other subject On both occasions no significant that the negative 

occurred It is realized that this expenment is a crude one a b 
result docs not rule out the possibility that a depressant fac g 

demonstrated by suitable ammal experiments cvclical agranulo- 

Sex Hormone Excretion The regular occurrence of the ex cy 

cytosis has naturally led to a comparison wi^ disturbance of sex hormone 

that the underlying disturbance nught te a ^^e unne done every 

producuon Imcrslund* had prolan and folliculin titrati b 

other day throughout one cycle in her patient, ^ pn tjic first and 

excretion of folliculin was a little greater than the n 

third of these occasions the polymorphs were low, on -rjionipson' considered 

Nonotablyabnormal values for prolan cxcrcuon w^ 0 polymorphs could 

that in his pauent, a man of X 5 . the numter - one but as the investiga- 
te correlated with the urinary excretion of female ^,re not repeated, 

uons were continued during only a short part of on y ,g„ost the sex 

the findings arc not convincing Perhaps the str ^ only true 

hormone theory is provided by the eases of Em ^o > 

examples of idiopathic cyclical =‘gt»“‘J'^‘^‘X,onsh.p could be ob^rved be 
women of reproducuve age In both c^es. y 

tween the times of menstruation and the occurmn 

Tc unable to have estimations of prolan an ^svice, at the begin 

patient but the urinary ty-ketost^oids j and mid way benvee 

, -1 - nf -7 a mff /tJL hOUTS WBS O 


We were 

rg7ara^rafigure of;3'tng /Mhourswas 

attacks the figure was 7 5 “g 

treatment 


trbatmi^a 
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had reappeared in significant numbers, usually a total of approximately 2. million 
units was given over a period of about ten days 
Pentnucleotide intramuscularly was given in the first attack observed in hospital 
(see fig i) No clear-cut effect was produced and as undesirable reacuons followed 
the injections, this treatment was not repeated 
Anti-bistamine drugs In intermittent hydrarthrosis effusion into the affected joint 
often occurs with remarkable regularity, so that in this respect at least the condi- 
tion is similar to cyclical agranulocytosis The possibility that an allergic dis- 
turbance may be responsible for intermittent hydrarthrosis and the fact that this 
mechanism has been held to explain some cases of agranulocytosis’ * led us to try 
the effects of bcnadryl and lerugon in our patient Benadryl was given in a dose 
of 150 mg daily from days 140 to 15X (sec fig i) The drug was purposely started 
at a time when the neutrophil polymorphs had started to fall No influence on the 
usual course of the illness was observed Lertigon (histamine azoprotein, Parke 
Davis and Co ) was commenced on day 161 in a dose of o 01 cc , which was grad- 
ually increased to a maximum of i X5 cc on day xoo Again the pattern of the 
polymorph curve was undisturbed 

Pyridoxtne In view of recent reports of the efficacy of pyndoxinc in the treatment 
of acute agranulocytosis, this drug was given intramuscularly (total 300 mg ) 
and orally (total 450 mg ) over a penod of six days Treatment was started on day 
aa 4 while the neutrophil polymorphs were falling (see fig i) The dosage cmplojxd 
Was rather less than that usually recommended but the complete absence of an> 
mfluence on the course of the polymorphs makes it unlikely that larger doses would 
have been effective 

dulpbadtaztne Prior to admission to hospital our patient had taken several 
courses of sulphadiazine On each occasion, infections had developed before 
sulphadiazinc was taken and the attacks of agranulocytosis continued for man) 
months after the last doses of the drug, so that it seemed most unlikel) that sulpha- 
diazine had played any part in causation However, to confirm this vier\ , a total 
of 15 Gm sulphadiazinc was given orally (days X37-Z41) Again the usual course 
of the polymorphs was unchanged 

Splenectomy The decision to perform splenectomy cannot be regarded as hat mg 
1 Very rational foundation, it was based on the consideration that the role of the 
spleen in regulating the numbers of the various formed elements in the blood is not 
yet fully understood, and that long continued leukoc) tosis ma) follow splenec- 
tomy We were familiar with the reports of cases of chronic (nonet clical) granu- 
locytopenia in which the operation has proted successful ' -'‘In such cases, hott- 
cver, the general view is that the granulocytopenia is due to cxccssit ephagoct tosis 
of polymorphs in the spleen, and Wiseman and Doan” include splcnomecah and 
fiypcrplasia of the myeloid senes in the marrott among the diagnostic entena 
fn our patient there were several important differences the spleen had netcr been 
palpated, m the phases of agranuloc) tosis there tt as aplasia of the mt cloid senes 
m the marrow, and the results of senal marrott and blood studies p'otided no 
evidence that excessive pcnphcral destruaion of neutrophils occurred \t the time 

when our decisions as made tt chad found no record of splenectomv in t-uect Ira! 

agranulocytosis, the report of ReznikofP ttas not at that time atailah’e a us 
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His pacicnt was a boy of 18 years who, since infancy, had suffered from cyclical 
agranulocytosis Following splenectomy the absolute numbers of neutrophil 
polymorphs in the blood were not significantly altered, although the degree of 
prostration during the leukopenic phases was considered to be less 
Splenectomy was performed on the i^th day by Mr G Gordon Bruce No 
accessory spleens were found Dr W M Davidson reported on the spleen as 
follows The spleen was enlarged to some three or four times the normal size 
and was of a firm consistency The cut surface was fairly uniform, the malpighian 
corpuscles and trabeculae being visible but not prominent Microscopically, there 
were no outstanding features A small amount of iron pigment was present but 
there was neither crvthrocyto- nor JcuLophagocytosis to be seen The central 
artenes of the malpighian corpuscles showed a hyaline degeneration, and this had 
extended into the small vessels in the germ center A slight degree of fibrosis was 
present in the pulp tissue and, at one or two points, small collections of ccUs sug 
gested foci of hemopoiesis, but not verj' defimtely There was no amyloid change 
The operation was followed quickly by a marked leukocytosis which reached a 
maximum of 18,900 with 83 per cent neutrophil polymorphs five days after 
operation (sec fig 1) Thereafter, the white cells fell rapidly but, m contrast with 
every phase of leukopenia observed before operation, the neutrophil polymorphs 
did not completely disappear, after falling to 406 per cu mm (day 199) they com- 
menced to rise again Another marked fall occurred about a month later (lowest 
number of neutrophil pmlymorphs 90 per cu mm on day 316), but since then, 
although fluctuations have occurred, the lowest number of neutrophil polymorphs 
has been 640 per cu mm on day 447 Thus, splenectomy has not been followed by a 
normal white cell picture Fluctuations of considerable magnitude have octuntd 
but at no time have the neutrophil polymorphs completely disappeared from the 
perrphcfal blood, and this change has been accompanied by a great improvcmm^ 
the patient s health, since no episodes of pyrexia and no infections have devc opw 
m the period of 190 days dunng which he was carefully studied following c c 
operation Two months later (154 days after operation) the patient was seen again 
and reported conunued good health and freedom from infections ^ 

count was 4030 per cu mm with 16 per cent neutrophil pol> morphs (64 pc 
inm),Hb 106 per cent, R B C 510, Cl i 01 * 


Discussion 

Investigations in the case described above failed to reveal a . 

ipcctacular variations m the neutrophil polymorphs It neutropenia 

splenectomy modified the course of the illness ^ the spleen 

of considerable degree has persisted This ^ J the mechanism 

was only one site of a more widespread Icsionf 7““ „feclls remain entire!) 

whereby it produced cyclical variations in the myeloid set 

D^soirc j I TrtjVo' 

When unseen W.. 

ryte cotmt was 8 500 per ra mm ncacropb.l polytxorpbs 47 P=^ 

Aoevres 3r P« ^ nounal >nhibn<^ effee. of .he .plcen 00 eeh.ie cell 

t Or that 10 rcmoral resnlicd in removal of the 
Iclivery from the bone marron- to the fcfood £/ 
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Judging b> the small number of eases reported in the literature, cyclical agranulo- 
cytosis appears to be a \er> rare disease We feel, however, that it may ^ more 
common than is realized because cases may easily be missed It was only ^ter our 
patient had been in hospital for several months and the absolute numbers of 
phil pol) morphs had been charted, that the striking cyclical nature of the dis- 
turbance as as appreciated Frequent white cell counts o^er a considerable penod 
arc essential if the condition is to be recognized In several of the cases rcporcc 
the literature as examples of chronic granulocytopenia, white ce counts were o 
so infrequently that cyclical variations, if they were present, could not have ^e 
detected More careful study of patients with chronic leukopenia particular ) 
there is a histor) of recurrent episodes of ulceration of the mout an 
fections, would probably reveal more examples of true cyclical agranulocytos 

Summary 

I A case of cyclical agranulocytosis beginning in a man at the age of 6z years 

o( .h. >>y 

continued but phases of complete agranulocytosis an i ection 
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CHRONIC NEUTROPENIA FAVORABLE RESPONSE FOLLOWING 
SPLENECTOMY 

By Lieut Harry A Weiss, (MC) U S N , and Lieut (jo) William T Collins, 

(MC) U S N R 

T he role of the spleen in the pathogenesis of neutropenia has been exten 
sively studied in recent years, and two hypotheses have been advanced 
Doan and his assoaates* have observed hyperplasia of the phagocytic reticulo- 
endothelial cells or clasmatocytes of the spleen with an abnormal phagocytosis of 
the granulocytes, and account for the neutropenia on this basis They have also 
applied this concept of selective destruction of cellular elements of the blood to 
explain the anemia and thrombocytopenia which arc frequently assoaated with 
the neutropenia 

The second hypothesis, which has been strongly supported by Dameshek,’'* * 
IS that of hypcrsplcnism in which the spleen exerts an abnormal inhibitory 
effect, probably by means of a hormone, upon the maturation and release of cells 
from the bone marrow Dameshek has emphasized this mechanism particularly in 
idiopathic thrombocytopenic purpura,* and also believes that the granulocytopenia 
which occurs in many types of splenomegaly may be mediated in a similar man 
ncr ’ * 

A case of chronic ncutropema has been studied and is reported because of the 
sigmficant elevation of the circulating neutrophils following splenectomy 


Cash Report 

V E , a 19 year old white male was admitted to the hospital on April 10, 19^^ iritb a diigaotis of 
diabetes mellittis , 

The patient s illness began in August, 1945, while aboard ship m the Sooth Pacific, with W^P^®™ 
weakness, lassitude, somnolence polydypsia, pronounced weight loss and muscular crimps >0 
On September ao, 1945 he had a brief episode of generalized abdominal cramps and 
he rapidly recovered A few days later, 1 second episode occurred and was accompani 
rhea Physical examination at that tunc was not remarkable but a blood count te^ of the 

Treatment consisted of paregoric and pemcillin, and the cramps and the diarrhea ^ there 

persistence of the leukopenia, he was transferred to a Fleet Hospital in Manila P a 4 plus 

a physical cxaminauon revealed no significant findings On Nowmber 4 a joo„olIcd by 

sugar, and subsequently a glncose tolerance test showed a diabetic curve j ^ further 

insulm and dietary measures and the pauent was transferred to a Naval "‘”j^"j^jjjnocTidenccof 
study of the leukopenia On January 16 1946, a sternal biopsy was perfoontd a ^j,,, hospiul 

blood dyscrasia His course there was uuevencful aod on April Jo I94fi ,537 ,0 

The pauent had been a lifelong resident of Utah until entry into the Ni J 1 J 
1944. be had sprayed arsenic of lead insecuade in orchards for thr« to , paint locLct on the 

sommer For one month prior to the onset of the present illness, he bad w 
ship SIX hours each day but, to his knowledge, had not handled any lea F 

tember he had received aubnn in prophylactic d osage 

From the U S Naval Hospital, OakJand „,^y dime of the Navy 

The opinions expressed herein are those of the authors and are 

Department ^ 
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The pauent s father, mother and ten siblings were all living and well There had been no known 
occurrence of diabetes or blood dyscrasias in the family 

On admission, the patient had no complaints, and physical examinauon revealed a well developed 
^vcII nourished, young white male with no positive findings The unne contained 4 plus sugar and the 
fasting blood sugar was 315 mg per cent ITic leukocyte count was x,65o per cn mm with i per cent 
bands 56 per cent segmented forms and 43 per cent lymphocytes 

The patient was placed on a diet of 2.300 caloncs and the insnlm dosage was regulated at 50 units 
regular and 30 units of protamine zinc insnlin mixed in the same syringe and given daily before breakfast 
Therapeutic agents gi\xn in an attempt to correct the leukopenia included the following pentnuclcoudc 
10 cc intramuscularly daily April 18 to May 13, refined liver extract, o i cc. intramuscularly daily 
May 24 tojunc I, crude liver extract locc intraraoscularjy daily, June a to July i livcrbroch 500CC 
orally daily May 4 to May 18 None of these agents had any appreciable effect upon the number of 
neutrophils in the circulating blood 

On May az, an abscessed tooth was extracted, peniciJIin being used prophylactically for several di) s 
Two examinations disclosed normal vision and ocular fundi Neither the spleen or the liver were palpated 
at repeated examinations of the abdomen Roentgenograms of the chest and of the fiat and long bones 
revealed no abnormalities Gastric analysis using 100 cc of 7 per ccot alcohol as a stimulant showed no 
free acid in the fasting the 30 minute and chc45 minntcspcamcns but 16 and 10 degrees of free acid were 
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present in the 60 and the 75 minute spearaens respectively The subcutaneous injcaion o o , cc o 
1 1000 solution of epinephrine hydrochloride produced a maximum ris* in the blood sugar ora 4 C 
per cent in the fasting specimen to 12.1 mg per cent in the 90 minute specimen j t, i r 

khinng the last month prior to surgery the prothrombin time the bleeding rim 2n t c g 

time were found to be normal l. 

The patient s course was unc\cntful until October ij 1946 when a splcncaom^ was pm 
Capt Harold F Young MC U S Navy The consalcsccncc was uneventful and the pati'n 
charged from the Navy on December 14 1946 because of the diabetes mcllitus 


Blood Findings 

1 OUmImt dements The cr>throcytc and the hemoglobin determinations ro-caH no 

. . . . ' . . . 'TT.. t...t and rh- r-urrernn cc- IS 


i elements The cr> throcyte and tnc ncmogiomu ^ -rhil cc -rs 

deviation from normal throughout the hospital course The JcuLocvic an t 

formed in this hospital arc shown in figure i j i . . 

On the day of surgeiy lcuLoc>tc and differential counts at frequent intc'va re 
recrcasc m the number of circulating ocutrophiJs Ctablc 0 cr-pt— ^ — — 

the afternoon ot the first postopcrativx daj the Icukoo res ha rop^ ^ ji. <t-c“ - 

fiuauatcdonlj slighti) thereafter On the da> of discharge D*ccrber-4 loj r j ^ 
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5,850 with 63 per cent segmented neutrophils, 33 per cent Iympho<^tes, x per cent eosinophils, and 4 
per cent monocytes 

Through the courtes) ofDr M M Wmtrobc of Salt Lake Qty Utah where the patient is now re 
siding the following ■values were obtained on February 4 1547 6 050 000 erythrocytes p-r cu mm , 19 o 
grams hemoglobin per 100 cc of blood, 4 500 leukocytes per cu mm. with a differential df 41 per cent 
segmented neutrophils 38 percent lymphocytes, 6 per cent eosinophils, and 14 percent monocytes 
X. h\£an crytbrocjtt dttcrmtrattoiu 


Date 


RBC 


Hb 


PCV 


MCV 


MCH 


MCHC 


6- X1-46 

7- 18-46 
^ix-46 
3 - -4-47 


5 08 

5 2.0 
4 72 - 

6 03 


M 5 53 0% 

16 o 5 *- 5 

13 5 50 o 

19 o 55 1 - 


104 

z8 5 

-^ 1 4 

lOI 

3 ° 7 

30 4 

106 

x8 6 

a -7 0 

91 

31 0 

34 ° 


3 Platelets Numerous councs done by the indirect method of Fomo revealed an average concentration 

of zso 000 per cubic millimeter both pre and postoperatively c , 

4 Erjthreejte frayl.tj Determination by Sanford s method on two occasions revealed no sigmficant 

deviation in the fragility of the patients erythrocytes from that of the control 

5 Cellular, etp«,t.{.ll<n„.ni. the mieet.en ej adreueeln, This procedure was done fire day. 

tomy ,n an effort to determine if the spleen was a significant reservoir of The dosage 

wasiocc ofai looo solution admmistered by the subcuuneons route Blood pressure and pulse v ere 

recorded to asccrcaia the time of maximum response 


Time 1 

Pulse 

Blood 

pressure 

Leukocytes 
per cu nun 

Platelets 
per ca mm 

Before tnjcccioa 1 

15 minutes after injection 

30 minutes after injection 

45 nunutes after injccaon 

60 

61 

68 

^5 

118/65 

izz/68 

135/70 

115/65 

1 850 

8 100 

11,100 

6 300 

100,000 
140 000 
153 000 
104 000 

The same procedure was repeated approximately one month following spleneao y 

ro! measure 

Time 

Pulse 

Blood 

pressure 

Lcukocjtes 
per CO- nun. 

' Platelets 
per cu. nun- 

Before injccuon 

15 minutes after injection 

30 minutes after injection 

45 nunutes after injection 

68 

80 

76 

70 

114/64 

146/66 

136/55 

135/56 

7 -5° 

9 750 

9 -mo 

5 coo 

^70 coo 
-40 oco 
300 000 
3-.= coo 


; Stemeel marreuc study Aspiration of the -9 P" 

ings were as follows-* Myeloblasts i per cen eosinophils i pe-ce-t li-p'-o'vt s 

licbandformsiypcrccnc neutrophilic segmented ^ ,,,Qra-ccnt Th* nr loii c-ithr 

^cent nopronmmoblasts normoblasts and macn^ormoblasts 39 

to was r 3 I The production of granulocytes appeared ^ be somewhat d-cre 

:yocytr-- - r_ forms or naked nuclei _ 


as I 3 1 The production of granulocytes 

yocytes were found in the smears as resting fortns noc ^ — 

L. Harrv ^ vekoff ^an Fra 

• Wc gratcfullj acknowledge the assistance ren > r -Vir hiito’ccv rb b^ 

^der Johns sLer MC tf S Nav, m the mtcrpreut.tn of the histo om 

spleen 
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CHRONIC NEUTROPENIA AND SPI.ENECTOMY 
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Pathoidgy 

The jpleen weighed 130 grijni »nd mcismed 14 X 9 X 5 cennineterj The capsule was thin and 
transluscent Sections tevealed a slightly congested, firm, reddish-tan pulp in which the Malpighian 
corpuscles were readily visible 

Mtminpic extmmattsn The capsule and trabccDlac of the spleen were of normal ihiclness and con- 
sisted of dense connecuve tissue and a scattenng of smooth muscle cells Histologically, the chief findings 
consisted of an inaease in number and size of the lymphoid follicles, particularly the germinal centers and 
a moderate hyperplasia of the rtuculo-endothclial elements limng the dilated sinusoids with enlargement 
of the splenic or Billroth $ cords The pulp was fairly devoid of ctythrocytes but contained a 
moderately increased number of leuLocytes of the polymorphonuclear type. The sinusoids were ddated 
and contained sugnated white blood cells of the granulocjnc senes Only an occasional roaCTOphagesvas 
found which conuincd identifiable nuclear fragments of the granulocytic senes and this was considered 
minimal or within normal limits after comparison with normal splenic tissue from similar age groups 
Many of the lining sinusoidal endothelial cells were laden with coarse granular brownish-black pigment, 
and an occasional degenerated red blood cell No phagocytiaed white blood cells svere found in these 
cells The hyperplastic lymphoid follicles were unevenly distributed throughout the parenchymal tissue, 
and the sheathed arteries were not remarkable Impression smears and supravital stains sverc not made. 

Summary and Conclusions 

The case of a patient with chronic neutropenia without splenotaegaly, but re- 
sponding favorably to splenectomy is reported The surgical procedure appeared to 
be indicated by the following (i) exclusion of the extrinsic causes of nentropema, 
(x) failure of response to the agents commonly employed to stimulate granulo- 
poiesis, (3) demonstration of granulopoiesis in the sternal marrow, (4) increase 
m the circulating neutrophils following the parenteral adnumstration 
nephnne, (5) the presence of coexisting diabetes with the potential hazard 0 
infection 

The implication of the spleen as the main factor in the causation of the neutro- 
penia in this case seems well established, although the specific mechanism is not 
apparent There was no evidence of abnormal phagocytosis in the microscopic 
examinauon of the spleen 
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LEUKEMOID REACTION DUE TO MIXED MALARIA INFECTION 

Report of a Case 

Bjr Captain James A Riley, MC, AUS and Major George M Robins, MC, AUS 

F alciparum malana has been rare in this countiy in returned soldiers and 
veterans because of the widespread use of atabrinc as a suppressant in overseas 
areas The suppressive dosages of this drug are believed to have been curative 
rather than mcrclj suppressive for P falaparum infccuons ' Rccentlj at the 
Tilton General Hospital an instance of mixed malarial infection was seen in which 
both P vivax and P falciparum parasites were found in the peripheral blood smears 
(fig i) Another unusual feature in this case dunng the severe stage of the illness 
was a Icukemoid picture in the pcnphcral blood and bone marrow References to 
such reactions in the hterature arc scanty Monn* reported a leukemoid reaction 
occurring in a young Greek woman who had relapsing malana of eighteen months 
duration that had been inadequately treated before she came under his observation 
He found the initial red blood cell and platelet counts to be normal and the white 
blood count to be 6 , 6 co per cu mm with 7 3 per cent promyeloq tes and 14 5 per 
cent myelocytes in the differential count With quinine therapj the leukemoid 
blood picture returned to normal within two months No bone marrow studj was 
done Schilling* states that acute tropical malana may produce a marked shift to 
the left even to the extent of myelocytosis Beregoff^ found that malana patients 
dying in coma showed low white blood cell counts and a marked shift to the left 
with neutropenia Hill and Duncan* in their paper on leukemoid reactions refer 
bnefly to the possibility of leukemoid reactions occurring in blackwatcr fever 
Because of the apparent ranty of leukemoid reactions in malana and the infre- 
quency of falciparum malaria in this country, the follow ing case is reported 


Case Report 

A as jw old Negro male wa, admitted to Tilton General Hotp.ul on Nov a, tj^^ompla.mog of 
lugh fever ihalang chills and profound weakness He bad been well imti a ut ovem . 

be was en route to the U S fromManUa Luaon P I '^'>ere he had been stauoned fm the ^ 

months On this date he developed chills fever, headache malaise aod weakness ■ - 

curred m paroxysm, every other^y for ten to fourteen day. when aU symptom. 
treatment he received Zsi.ted of sewral large white pdls of u^own composmou 

ttvedtntheU S on November 18 1546 and was sent from the debarkauon pom , 

end was home m Atlantic City by Nos aa, 1946 On November ay 19^ > admitted 

returned and again the chills and fever occurred approximatel} every semn j j,. i,,d o-vt- 

to the rUtou Lietal Hospital He stated that dunng h.s stay m the f 

sapprcssivc mcdiCAtion for malani norhadheba wound (cr ti'O 

tocajicj and chiclccQpox. and *n appnndcaomy in 1934 ^ hen fac no^cd to i Cit^ 

following surgery T^ patient had hved m Richmond. Va ^ 

There waj no pait history of episodes of chills fever or other i 

On his axlnnssioo the paacnr fairly vrrll noxmshed and sscU d vc pc jr ^ 

^hibitcd evidence of weakness an d weight loss The rectal ternpcrarcre — - -* 

From the Medical Service Tilton General Hospital FortDii Senjzr^r 

^3 
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LEUKEMOm EJEACnON DUE TO MIXED MALARIA INFECTION 


upper lunbs snd head r\’a! present AJl mucous membranes were qmtt pale Examination of the epcs ears 
nose month, and throat svas negauve The ocular fundi were normal The neck and thyroid gland were 
normai No lymph nodes were palpably enlarged The chest sTas symmetrical and the lungs were cleat 
to auscultation and percussion The pulse rate was roo per minute and penphcral vessels were nonnil 
Thebloodpressure was no systolic and 65 diastohc The heart was not enlarged the rhythm was regular, 
and a toft systolic apical murmur was present which was not transnutted and which vaned tomewbit 
with resplranon The abdomen was slightly distended and tymparutic, the liver and spleen were not 
palpably enlarged, but the splemc area was tender Neurologic examination was normal except that the 



Pio I — (A) GiMETOerr* Puassiodiuh ratapaaDM C®) Taovaozorre, Plasmodiusi 
(Thick suhae reajpHxaAi. atoon} 

patient showed some conmsion as to the sequence of recent events and some retardauon of cere 

No other abnormalities svere noted „ j a.u-me the hospital course 

L^atcry txam,n^-ms The red and white blood couuu °° fn,eais svae negauve 

of the patient are ubulatcd (table i) On admission both thick " ^ albumin no sugar and 

for malarial parasites The unne shoised a specific gravity of i 010 witn Tvro blood cultures 

an occasional white blood ccU per high power field on microswpic welding was demon 

were negative on December 14, 1916 on January 10 154/ , „j„„,ry8 1947 ’ 

strated the test being read at mtervals up to twenty four ho^ Vn Jy occasional granular 
specific gravity of i 015, albumin and sugar negauve, and 8-10 w 
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Nos 29 Dec 9 Dec Dec Dec, 

•16 .16 16 -16 19 46 31 46 


21 ’« 


Red blood count in mil 
lions per cc. 

Hemoglobin in Gm % 
^bitc blood count 
Neutrophils % 
Eosinophils % 

Bind form cells % 
Metimpelocj tes % 
Myelocytes % 

L) mphocytes % 
Monocytes % 

Plitclcc count in thou 
sands 


I 163 

406 
4000 — 

17 


5 07 
3 6 5 

6150 


— 3 

— 10 
3000 3500 

3‘> 47 
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FlO L— GnAPinC TEMPE»ATt)»E ChaET 

mdo-r. red blood cells per high poll er field A test fo bile p.gnent sms r-cim' 

present in the unne in normal amounts 
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On the patient s admissicm a diagnosis of malana was made However this seemed improbable wben 
two smears were negauve for malarial parasites and the admission white blood count suggested aleukemic 
myelogenous Jcaixmia Therefore the paaenc was cransfosed with 500 cc of whole blood on November 
30, 1546 and penicillin was given in 40 000 unit doses intramuscularly every three hours Five hundred 
cubic ccnumctcr blood transfusions were repeated on December I, 1346, December 3, 1^6 andjannary5 
1547 On this therapy, together with 5 per cent glucose in salmc intravenously, the pauent s fever grid 
oally receded and reached normal on December 3 1946 (fig x) From December 6 to 15 1546, the pauent 
^vas afcbnlc and, except for weakness and malaise, free of symptoms 

On December 4 1546. m an effort to clarify the blood picture and confirm the diagnosis of Icnkerma, a 
sternal bone marrow aspirauon was done The resulu of this and of a later bone marrow study arc oar 
lined in Table X, 


Tablb X . — VtffatnttMl C9ttnts of Stmt^ Bent M^mw Asftrstfent 



Dec. 4 *46 

Ftb 24 *47 

% 



Ncntrophils 

3 

18 0 

Setb ccUs 

0 0 

3 »• 

Lymphocytes 

8 4 

19 1 

Monocytes 

1 X 

4 1 

Eosmophils 

I 0 

C 0 

Basophils 

0 0 

c c 

Metamyelocytes 



Neutrophilic 

It 5 1 

5 8 

Eosmoptulic 

0 9 i 

1 4 

Basophilic 

0 0 

c 6 

Myelocytes 



Nencrophihc 

1 18 8 

8 e 

Eostnophilic 

0 9 

1 4 

Basophilic 

0 0 

0 X 

Premyelocytcs 

J-I 3 

3 8 

Myeloblasts 

7 9 

I X 

Megakaryocytes 

0 5 

> 4 

Erythroblaits 

7 8 

3 4 

Normoblasts 

iJ- 4 

19 fi 

UmdennBed 

3 8 

r X 

Degenerated 

0 0 

4 8 


The bone marrow study of December 4, 1946 showed a marked increase in the car y orms ^ ^ 
neutrophilic senes Although the blast forms were not markedly increased, there 
promyelocytes and myelocytes Many degenerated cells were seen which were believed to 

myelocytes and metamyelocytes The smear was considered compatible with myclogcnousw 

After eight afcbnlc days the patient again began to have fever on December 16 194 by 

the tcmpexacurc from then on 11 illascraccd in figure x. Each nsc m tempera^ was 
severe cluU marlced headichc and myilgii On December 15 19^6 the physical „tni 

from those noted prenonsly except that the spleen was palpable and qoire ten cr 10, 154« 

on December x8 1946. found positive for P falaparom and P vivax V jhrrt 

treatment was started svith aubnne in doses of ai grams every fix bm^ for 5 ^ 

tunes a day for six days, and then o. i gram daily for the next foirty ^ys ^ ms as 

peramre was normal and the patient was greatly improved From then on 

complicated , , correct djagcoo’ 

■Ilie previons bone marrow and peripheral blood smears were re-exammed alter tnc corew 




JAMIES A RILEY AND GEORGE M ROBINS 


L87 

had been made, bnt again no malanal parasites were found The final bone marrow study done on Feb- 
norinaJ The severe anemia and the lenkcmoid reaction had disappeared. 

The patient was discharged from the hospital on ApnJ 8, 1547, m good health He waa still svell one 
month later 


Comment 

While It has been previously reported that iminaturc cells of the granulocyte 
senes occasionally appear in the pcnphcral blood during paroxysms of malana, 
there is only one previous case report in the htcraturc showing a marked shift to 
the left of the granulocyte senes No cases have been found in which bone mar- 
twv biopsies have been performed 

Because of the diflScnlties of diagnosis posed by a Icukemoid picture in malana 
^d the ranty of this finding, this case is reported It is possible that the increased 
hemolysis and the attending anemia arc responsible in certain cases for sufficient 
bone marrow stimulation to cause this change 

Summary 

•A. case of mixed malanal infecnon with a leukemoid blood picture is reported 
The literature is reviewed 
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ERYTHROCYTES AND ERYTHROCYTIC DISEASE 

Activity or Microbial Animal pROTETN Factor Concentrates in pERNiaoDs Anemia ELK 

A Past J PtcTU A L Frankitfj T H Jukts R M HrWr W Efsttsn and A D WtUb From the 
Lcdcrlc Lahoratoncs Division American Cyanamid Company Pearl River, New Icorl: and the 
Departments of Medicine and Pharmacology, School of Mcdianc, Western Reserve Uiuvcnity Cicvc 
land Ohio J Lab JkCUn Med 860-864 194& 

These investigators have found that a nonmotilc rod-shaped organism from hen feces when gcavm 
aerobically on simplified medu produces appreciable quanniics of the ammal protem faaor as ta i 
Gated by assay with chicks on diets defiaent in this factor Smcc it is known that refined h\'cr extracts 
produce a growth response in chicks deficient in the animal protem factor concentrates 0 c ®i 
crobial animal protein faaor were tested for anu pcmiaous anemia activity in two patients wit per 
niaous anemia in relapse The results indicate that the concentrates were active m mducmg a enu^ 

topoictic response in such patients Whether the acuve substance in the microbial concentrates is 1 

^vlth the anti pcmiaous anemia faaor or the recently isolated vitamm Bjj is not knoivn The answer ^ 
this will have to await chemical identification of the vanous substances The possibility exists 
faaor X, the cow manure faaor xoophenn the animal protein faaor, the microbial anima 
factor vitamin and the anu pernicious anemia substances arc all similar, identical or re at 
pounds Q 


Presence or Cobalt in The Anti pBRNiaom Anaemia Factor E L Smith From G axo 

Ltd Greenford Middlesex England Nature London /tfa. 144 154® If each 

Examinauon of crystals of anti pcmiaous anemia faaor has shown the pccsmcc 0 co 
molecule contains one atom of cobalt the molecular weight of the compound is a out 1 5^ 
for loss on drying bnngs this in excellent agreement with that found on (he 

J 750) The higher value (3 000) found by the diffusion method may be Analytic 

method, the use of impure material in earlier experiments, or that fact that 

figures indicate that the molecule contains three atoms of phosphorous 

the Merck workers have found cobalt and phosphorous in their vitamin Bn S T C. 

IN Sntrr / 

C0NCENT«A-n0N Of CoBALT BT MiC»CW 5«OAN«M$ AND ITt UstMK 

Tern and MstcMl From Rowett RK«rch Institute, Buc^barn ^ ,j^S 

forSclRtscarch CratgmbucUer Aberdeen Scotland Nature Ia,ndon tO 5<^-5=I 
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(Wcrcncc 1$ made to pret lous worL on cobalt as an essential factor in ruminant nutrition Observations 
on three sheep ssith rumen fistulae are desaibed Sheep A was given a seeds hay diet (o 17 p p m cobalt 
xn dry matter) Sheep B and C bred origmall) oo a cobalt defiaent pasture were maintained on a hay 
diet containing onl> o 07 p p m cobalt C was given i mg added cobalt daily After 6 weeks rumen 
contents were collected fractionated examined microscopically and for cobalt content The data make it 
ap^ent that rumen micro-organisms concentrate cobalt from their external environment and that the 
cobalt concentration of the microbial population js related to cobalt content of the diet 

It IS suggested that absorption of cobalt by the host may dcpn\e micro-organisms of an essential 
ctor the host in turn being dcpn\cd of essential bacterial products or if cobalt is an essential metabolite 
^ the host alone concentration in the micro-organisms may reduce its availability Agam host and 
a imcntary micro-organisms may both require cobalt for metabolic acti\*iacs the compctiaon being 
Important on cobalt defiaent diets 

Although this work is superficially remote from hematology the findmg of cobalt in the crystaJhcc 
^ti pemiaous anemia factor indicates that it may be important in helping to cluadatc the problem of 
megaloblastic anemias cspcaally those of intestinal origin It may also link up with the cipcnmcntal 
macrocytic anemia in rats (Watson ct al Lancet a. ifof 1548) m which a gross change of microbial popu 
lation of the intesunc is probably produced 

STC 

The Treatment of Subacute Combined Degeneration of the Spinau Cord with Vitawn Bia T D 
Sftes K E Sterne S Kartus T Arambtern From the Department of Nntntion and Metabolism of 
Northwestern University at the Hillman Hospital, Birmingham Alabama South M.J 41 1030-1031 
1348 

The response to crystalline vitamin Bu of 3 patients with pemiaous anemia exhibiting acute ncu 
tologic manifestations is reported briefly No data is presented other than that included in the one repre 
scnutivc case report The case is chat of a 48 >car old male with pemiaous anemia who lapsed in treat 
^nt and presented a three weeks history of glossitis \vcakncs5 and inability to walk unsupported 
Blood studies revealed a moderate slightly macrocytic anemia Four parcnrcral injections of 15 micro- 
grams each of vitamin Bu were given at forty-eight hour intervals Within the first forty-eight hours 
piin and tenderness of the legs and soreness of the temgue had disappeared and by the founh day the 
patient coold walk without support Improvement in although not disappearance of abnormal ncu 
rologic signs (other than the return of a normal planur response) was noted on the fifth day A rcticulo- 
cycosis of 14 per cent cKCurrcd on the fifth day followed b> elevation of the red cells white cells platelets 
and hemoglobin (no figures given) Reference is nude to the relief from ncnrologic s)-mptoms noted in 
three previously reponed cases following a single injccaon of 15 nucrograms of vitamin B, CPostgrad 
M 4 - 89-55 1948) 

the authors admit insuffiacnt time has elapsed to evaluate the cffccuvtness of vitamin D, as 
tBaintenancc therapy for paaents with pemiaous anemia with or without neurologic complicarions 
^^>nly the cipericnce with folic aad has shown that one most be citremclj cautious in drav mg con 

elusions from an initial neurologic improvement of several dajs HUD 


Crtstalunu Atm PEaNiaous-ArvAEsnA Factor in Thratsient or Tw o Cases or Tr^cal i ^ 

AitAEsnA J c Ptttl From Singhanee Hindu Hospital Bomba) India Bni M.J a 934-S55 
Two cases of tropical maaocytic anemia occurring in Bombay showed a good response to sin c I 

'■ons of 80 ng each of Lester Smith s crystalline anti pemiaous anemia faaw This ' 

mtcrciting obscr\ation in mcw of prc\ious suggestions that such cases arc cicnt in 
*'*lhcr than the anti pemiaous anemia factor < T C 


E*™*'MENTAEMACROCTncANAESIIAINTnERAT C A1 IVotSc: D G ^ J 

NufEcld Department of Clinical Medianc Radcliffe Infirmars Oafo-d Erglac. Ur- 

1948 

Ancima resembling pemiaous anemia sometimes develops m association smiH i-^~ i"-! 
*“ggc$rcd a method for produang raacroc)'tic anemia 10 rats Tiso ope-ations sv-nr 
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A the intestine was divided the lower part tied off" and the npper part was anastomosed to the gut some 
12. inches below the blind end One hundred and eighteen rats survived opcratioii and n developed 
macrocytic anemia six weeks to one year later As anemia followed only when there was some stenosis 
at the anastomosis or dilatanon of the loop operation B was devised Here the lower part was master 
mosed to the gut ix inches above the diviiion later modified to 3 inches Peristalsis then filM the loop 
which always becam e dilated Sevenmen of X4 rats survived the 3 inch operation and 13 developed pro- 
gressive anemia al^ an average of eight weeks 

The anemia 1$ nonno- or hyper chromic with an increase in red cell diameter and irregular rcnculo- 
cftosis The bone marrow shows an increase m pirociythroblasts and basophil crythroblasts. Treatment 
with liver extract (total of o 1 to o 8 ml Anahacmin^ suggests rhtr the anemia responds unless there arc 
complicating infections One rat injected with ij mg offohcaad also showed a good response Further 
work IS ID progress to determine how specific are these responses to treatment 

Such experiments may provide the long sought test animal for the therapeutic poten^ of hvet ex 
tracts although further advances in the research on crystalline anti per n icious f"*^^** factor may 
render this unnecessary More important u the fact that the technic opens up a new field for the investi- 
gation of the pathogenesis of macrocytic aogmn, 

STC 


The Lira Svan os the Meo alocttb akd the Hemoltfic Stkokoue or PsaKiaous Ambmia K. Staler J C 
Kmg and S RaBtn From the Department of Hematologic Research and the Department of Pedutne 
Research, Medical Research Institute, Michael Reese Hospital Chicago Illinois J Lab ScClin Med 
jj 1068-1076 1548 

Dctcrmioations of the average life span of red cells from 4 patients with permcious anemia 10 relapse 
vrerc performed using the method of differential agglutmanon (Ashby technic) It was found that the 
survival time of the red cells when mjcctcd into normal mdividuals was markedly decreased (xy to 73 
days) After adequate treatment, the life span of the cells from the penuaous anemia pauents became 
normal These observations as the authors conclude arc evidence for the concept that pcrmeioos auenui 
IS a true hemolytic syndrome caused by an intracorpuscular mcchamstn The shortened life fomval amc 
of the cells would sccin to account for the increased pigment production observed in this disease but ts 
difficult to correlate with the ohs-rvanoos of London Shcmin and Rittcnbcrg using labeled glyatie 
which indicate that a considerable poraon of the pigment production is derived from sources other than 

hcmoglobm It 1$ likely that this problem 1$ somewhat more complicated than it appears to be 

GX.C 

The Lira Span op the Sicxle Cell ano the pATHOOEHens op Sicxxb Cell Anemia K Snoitr S ^ 

Krag and R N Jtfferscn From the I>parcmcoc of Hematologic Research and the Departnicnr 
Pediatnc Research, Medical Research Insarurc Michael Reese Hospital and the Dtpartment 
Pediatries ProvidTic Hospital Chicago Illinois J Lab & Chn Med 3; 975 " 9 ® 4 > ^ 94 ® 

This paper deals with cross detenmnauons of the snrvival nmc of sickle cells Trait cells were tr^ 
fused into paaents with sickle cell anemia and anemia cells into healthy recipients displaying c * 
cell trait It was fonnd that the trait cells survived normally when transfused into patients wit n 

cell anemia whereas the patient sown cells cootmued to be hemolyxed at a faster rate Cells romp ^ 

with sickle cell anemia when transfused into trait citticts had a shortened life span with an ^ 

about one fourth of the normal Therefore the patho^mc principle operauagia sickle cell 
appear to reside within the red cells themselves rather than m an cxtracoqmscolar mechanism ^ 

conclude that the sickling poccss 1$ by itself not a satisfactory cxplananon of the pchogcncsis ^ 
anemu They speculate that sickle cell anemia develop because of an additional pbc 

skeleton which is qualitaavcly different from the structural anomaly responsible for the 11 
nomcnon G^C. 


A SOOOE AND Rapid Mfihod pop DatomnA-nKO StaajNo op the R*d Blood Second toi 

inoAoekte G a DalanJeeJM-B C*stU Rom the Thornditc Memoni) 

Femnh Meaiol Semccs CHATPud) Boston Otr Hospiul ind the Depinmeot of 
Medial School Boston Mass J Lib & Chn Med loSi-ioSB 1948 
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duction of reduced hcmoelobin in the red o-llr h t. F'ncipfc on which the test is based is th- pro 
a drop of a fiin M atl„s ofareducingagcnt In order to perform'^e 

«corbic acid and also containing o r r ner ' a a per cent solution of buffered 

Na SO5 „ added to a small droo of or « drop of a per cent sodium bisulhte 

cover 5j|p IS dro' d° * pationt s blood on a glass microscope slide After mixing a 

obfectne of the micrmfor W. h ^ '"ff of individual red cell, under the high poC 

Within an hour and isith^h ' rolntion, .ictling of the blood usually appeared 

room temperature 'r rhe a per cent bisulfite solution it svas often present within fifteen minutes at 

GEC 

Dmaww^otr or Haemmlooin V PaEasiow or Coloiumktiuc Methods E J Kinf M. Gilcbmt J 

National'^h" ^ R B S,sim From the 

Radcldfe Teddington R G At«/ar/^t H M J^, J K 0 Bnm From the 

Linv rmrmary, Oxford / M Ptttrsm D H Strmgcwtjs From the University of Wales, Cardiff 
a. 563-566, 1348 

nie^ blood samples from ii male and to female sub/ccts hemoglobin determinations were made by 
tested L oxygen and carbon monoxide capacities Various hemoglobin derivatives were 

HjJp photometer photclcctnc colonmctcr and in one senes of expenments with a 

of quartz spectrograph For visual instruments, the true reading was uken as the mean 

obtained by several observers The readings were compared with the base line 
soIm'*!? '''' gasometnc determinations respectively Analysis of the re 

comnL-d r neutral grey wedge photometer (King E J , Biochem, J yr Suppl 31, 1347) 

tnc *1 standard photoelectnc and visnaJ instruments The smgle cell photoelec 

^ CO onmeter proved more reliable than the two celled absorptiometer Of the hemoglobin denva 
Qxyhemoglobm and cyanhematin gave the least variable results 
wh hematologic laboratories now use photoelectnc colonmeters for hemoglobin estimation but 
ere such instruments are not available the grey wedge photomcier swms to pronde a simple and 
»rourate instrument * / £ f I- P 

STC 

n* NaTcsx or the AmsaA or Psbonanct in thb Rat C F Bmd From the Department of Zoology 
ell University Ithaca New York Endocrinology 4; 180-186 1348 
e purpose of this work was to determine the nature of the anemia which accompanies prcgnincv 
n e adult female rat of the Long Evans strain Calculations were made on the total etythroerte 
^ount, hematocrit hemoglobin level, whole blood and plasma speafic gravities and blood volum- 
uies were made at three stages of pregnancy’ and on the second day postpartnm A significant d- 
whole blood and plasma spccificgravitics occurred dnnng pregnancy, but the total blood solum- 
of the total circulatiog erythrocyres and hemoglobin in pregnant rats showed 
sharp nsc in both elements The author concludes from this esidence that the anemia which accon 
panics pregnancy in the rat is due to a hcmodilotion 

RCC 

^ thb Gbnisis of Meoalodlastic Blood Foilmation (J Hetntf Medina Abtci/un^ d-s 5:jif 
l^wfccnhauscs Manahcira ([Gcnniay ) KJin Wtehr 15^8, S-ix, 
sing supravital cxamitiatioas of bone marrow in pernicious anemia the aurho adsarccs th* 
w ongin of mcgaloMasts from undifferentiated reticulum cells He considers mcgilobtiuic bfooi f t r-j 
°n as a mcscnchymatous process in contrast to the normal parcnch)niitou5 cryrhropo *jij FL**^er 
points out the necessity of accepting a second factor in the genesis of c'giloblii * H* ecz 
factor to be the loss of the mitotic heteroplastic properties of the cclf* and t*'i* to h^ 

absence of the anupemicious pnnaplc 

c peculiar megaloblastic nuclear stmeture is considered at the persist*^ * nev- '■-i 

properties 

C'' 
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Lawful Mitotic Steuctuhb in Cttoplasm or MATtnuNO Blood C.vik H Wtndtntb I Mcdinn 
UnivcrsititsUiniL, Hambiirg Eppcodorf (Dcutschbuid) Kim Wschr 1948 181-183 
Studying the mitosis of mcgaloblasts gamed from the bone marrow in pertuaons anemia the author 
observed a smgular granular structure of the nucleus, which he was able to stam with the Gicmsa method 
and which is called paramitouc granulation because of its temporary appearance durmg mitosis This 
granulation has been formerly described by Rohr (and others) who however, thought it idcnacal with 
the basophilic stippling of the erythrocytes The author believes chat the phenomenon has to be differ 
cntiatcd from the former Apart from the mcgaloblasts, the paramytotic granulation was also o bser v e d 
m normal manning erythrocytes and leukocytes 

The author beheves that the granolauoQ belongs to other mtscnchymial elements as well The 
described scniaures arc looked on as micotic-formcd agglomerations of the basophilic sobsunce A 
rclauon to the basophilic snppling of the erythrocytes is probable 

CM 

Toxic Damaob to Ertthhocttbs Findinos with Elect*on-optic IwEsnOATiDNS OP ExyrHaoems 
F JsMi Kim Wschr 1947, 459 

Basmg conclusions on his elcccron-opcic studies this author deduces that erythrocytes possess a 
genume membrane made of protein and containing hemoglobin msidc The membrane 1$ covered on its 
surface by a Iipid layer The inside is formed by a spongclikc stroma made of protein This latter is 
easily denatured, causmg a change in permeability properties and leadmg to hemolysis The author 
studied the influence of different salts and of hemolytic substances He considers the Hcuu bodies 
a sign of degeneration They arc composed of coagulated parts of the cells which arc more casilj stained 
and not really located m the inside of the ceils They have no relation to mcthcmoglobm 


THROMBOEMBOLIC DISEASE 

The Earlt RjicooNmoN op Post-opbrative Vbnoos TasoitBOSis Incxxaskd PaoTHXOioiN Acni^ w 
AN Aid TO Diagnosis E B MMbmty and K S Sandr^L From the D-partment of Surg^ of the 
University of Rochester School of Mcdianc and D nnsiry and Surgical Scmcc of Strong ^ 
and Rochester Mumapal Hospitals Rochester New YorL Bull New York Acad Med 24 636-650 

^94^ I d 

The prothrombm acavity usmg Quick s one sugc method was d-taimn*d 
followed daily through the sixth postoperative day in 68 pauents most of whom were consi 
candidates for venous thrombosis In nearly all 58 postoperauve pauents who did not , 

bosis there was a progressive dccrcsac in prothrombm acnvity durmg the first th^ days 00 

gradual return to normal about the sixth day All of the 10 pauents who developed ni 

other hand showed a nsc to above normal on either the second or third day This 

cniia was interpreted as evidence of impending thrombosis although the ptothrom in aa 

usually normal by the tune thrombosis was dimcally evident No siusfaaory exp ^ 

for the fact that the hypcrprothrombmcmia was more uniformly apparent in ^ ^ (cztIy detecnoa 

diluted plasma dctcrminauons The authors suggest this test as a pracucal met o ^ 

of postoperauve thrombosis and as a basis for sclccuon of pauents to receive prop y 

therapy , their 

The pathogenesis diagnosis and peevenuon of thrombo-embohsm arc i present more con 

of the relative ments of prophylactic vein figation and anucoagnlants ant 

vmcing evidence for the latter rr«,ce of lntravaJCnlJrIilroIn• 

Thc -whole problem of the relation of prothrombin activity to the ,n prothrombin >c 

hosts has yet to be defined although there arc fewer conflicting rep^ ,hrorobosii 

avity in postoperative than in nonsnrgical patients (coronary throm » H B 

r\-n v / H fl 

The QoEsnoNABia iMPoarANcc or Blood Chanoes ik CoaoVAxr , , jnJ Humito^ci 0 

cJZn £ T MsUs^S R T«.W From the ‘ r^S 

Montreal General Hospital Montreal Qnel^ ^''^^^os.on that t^’^ (,)nocor.ian 
It was concluded from a study of 31 cases of acate coronary 
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chingcs in blood co^igulabilit) as measured b) the Waugh Ruddicic tcsc protbronibin time (diluted and 
undiluted plasma) or coagulation time, (i) no constant changes m the Waugh Ruddick test during pro- 
longed bed rest, (3) no constant sanation in plasma jxotcin levels during convalescence (4} a high 
percentage 0/ patients with prolonged circulation times due to shock and/or myocardial weakness and 
(5) that the variance in blood volume studies depended on the presence or absence of shock and/or 
cardiac failure 

This study is of interest because of the present controversial issue of whether or not there is a con 
current increase in dotting tendenej to account for the appreciable incidence of throinbo-cmbolism in 
myocardial infarction The prothrombin studies support the work of Coclovc and Vorziracr (Ann Int 
Med Z4 648, i946)l>utarcatvariancewith rhatofothers c g.PctcrsctaJ Q A U A ifo 398 1946) 
The hndings of normal or decreased blood coagulability by the Waugh Ruddick tcsc in 77 4 per cent 
of eases on admission with a low incidence (o 14 per cent) of increased clotting tendency during hm- 
pitalization in half of the group which did not receive dicuraarol vanes considerably froni the results 
obuincd by Ogura ct a) Q Clin Investigation a/ 586 194O 

The answer to this problem awaits a more complete understanding of the doinng mechanism and its 
rclauon to intravascular thrombosis as well as a greater refinement and uniformit> in our laboratory 
tests However convincing evidence is accumulating in large senes of eases to justif> the cautious 
prophylactic use of dicuraarol in patients with coronary occlusion ^ ^ 

Errecro, Heparin and Dicoumaeoi. on Sludoe Formation H U..}rum,W B AW WC T^' 
From the Depirtment of Surgery Northivejtern Un.vmity Medical School Chicago 11 

oHogi ivere studied using the kniseley technics ^"r'eno^'t'clloD 
venous occlusion Dogs were divided into four groups Group i Control dogs . , ,he \es 

.Indge formation developed folloived by adherence of slodgcd masses to the 

tels This was followed by the piling up of more cells to the agg utinat circulation bad 

completely occluded ud^e formation Group 3 

been released Group t Hepann was given after the appe occlusion In the 

Hepann was given before venous occlusion Group 4 Dicouinaro was pv ,nimal 

last three groups although sludge formauon did occur no thrombosis ese oped r C C 

Venous Thrombosis and IJuLMONARr Embolism A W AJUn and G A j M-d 

Service of the Massachusetts General Hospital, Boston Massachusetts Bull New YorC Aca 

^ 615-635.1948 fiooDOsIopcratiNcptients somcofwhom 

T^ipecfic prophylactic or th^apeutic ^ cxi^tio^ these were patients oier the 

received a combination of methods are csaluatcd With " to jofi patients None of tb-se 

ageofjo Prophylacoc treatment bysmall doscsofdicumato was^gi^^^^^ hemon-hage Four of 

died of pulmonary embolism although there , interruption died subsequ ml) of 

871 panents svho had prophylactic bilateral supcrncia c med libel) to dc'clop thrombosis 

pulmonary embolism whereas in this particular group o med Trcaiircnt fo 

37 deaths from embolism might have been expected ha speci c m interruptions after clinical 

for 1 xgg patients was by phicbocom) tbromb«toroy an ^ /urther emboli compared to 

evidence of thrombosis occurred There were six deaths in this gr p 

an estimated sixty had therapy been withheld ^..nr to venous thromKxi- Er-phasis is 

This paper includes a good discussion of the factors prc ^ measures in th* p~'ct-ti arJ 

laid on the fact that despite the progress made since the ^ patients soil dr f o~ r-J"i'r 

treatment of thromboembolism a statistical!) significant percen ge 

pulmonary embolism . jrorhsla't'''- 

The authors do not share the general enthosiasm ° ad-q-a sh- at 

Postoperatite patients They stress its hazards an co ^ u . r a in 

*nd laboratory control It is their opinion that vein igation 

the older debilitated or verj ill paticne H ^ 
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HEMORRHAGIC DISEASE AND BLOOD COAGULATION 


TriKOHBoreNic Porpuia, Thr Faimjre op Direct Blood TRANtnnioN *ro Raub thr Platelet Level. 

J S l^vmta N Valenfm, ^ndW S Adarru From the L^ejunmeDts of Medicine *nd Rudiatioo 

Biology, The Uniicriity of Rochester School of Medicine ind Deotisuy, Rochester New ’iork. 

J Lab ic Cbn Med }) vyjj-ic&t 1348 

This work was uadettaken with the purpose of determining if massive direct transfusions of blood 
given to patients with thrombopenia purpura would raise the level of arculating platelets significantly 
A patient with aplastic anemia was given 1500 ml of whole blood sTichin a short paiod of time A 
second patient was given approximately the same amount of blood on two different occasions Theoitu 
cally this amount of blood should have raised the arcnlating platelet levels about 100 ooo pet cu nun. 
However, in only one 0/ the three expemneots reported was a significant increase noted m the reapent, 
and in this case It was so small as to be of little practical importance. The reasons for the nnsatisfictoiy 
results are not evident, but the results suggest that cither the life span of platelets is exceedingly short 
or that they arc unusually rapidly ntilixed in thrombocytopemc conditions 

Gi-C 

SoaOBET nt Habsiopriua A Case of Spihal Sdeddral Haematosia Peoddono Paraheoia f 
Schiller O NehgMit and 0 Badt^-Olien From the Mnfficid Department of Surgery the Children s 
Department, and the Department of Pathology, Raddiffc Infirmary, Oxford England Lancet 1 
S4i-845 1348 

A haemophiliac boy of 16 months developed complete paralysis of both legs and retenoon of nrine. 
Oitemal myelogram showed complete arrest of the opaque mcdiym at T 3 Laminectomy was pet 
formed and a large subdural clot removed successfully Convalescence vsas complicated by secondary 
haemorrhage firom the wound but general progress was excellent and a high degree of fnoctional KCO’n^ 
took place Throughoot the coarse in hospital the prolonged clotting ume was controlled by tef«» 
small transfusions of fresh blood (Si in the 66 days 10 hospital) Larger volumes of blood were ns. 
only to replace blood lost 

This cast lUuscratcs a rare complication of haemopbilixand also shows clearly that major surgery may 
be safely undertaken with adequate control by transfusion - 


Studies ok a PaerrEOLTne Enxtsce in Hotaan Plassia IIL Some Factou CoNraoLUNO tbm 
Fibrinolths 0 D Ratncff From the Department of Medicme The Johns HopDnt m 
School of Medicine, Baltimore Maryland J Exper Med II 401-416.1948 [Kj blood 

The phenomenon of fibrinolysis has long been tecogniied and It IS now well estabhshc t t fj,pon 

contains both a proteolytic enryme system and inhibitors of this system However, the setots 
sible for rapid dot dissolution under certain conditions remain a snb;ect of controversy 

The author in this well controlled in vitro study of factors governing clot lysis, has o^^ fex 

interesting phenomena Cascinotyais was used as a measure of fibnnolytic sctivi^an ^ 

the determination of proteolytic and luhibitoty activity of plasma are desen / plauni 
nnable to demonstrate that there was any cotielation between the dot l^is time 0^ f 
dots and the amount of proteolytic activity cither spontaneonsly devdoped , cooioni 

or streptococcal filtrate in a globulin preapitated from the same P^*”" Iilaima pro- 

relationship between the inhibitory acuviiy of fresh plasma serum « a a ,nh(bitDfy 

teolytic cniyme and dot lysis time could not be shown Following e correlstc dot lyn* 

acavity was unstable and decreased during snenbaaon however, it was possi plisoa at 

ume with the detccioratiou of inhibicoty activity occnreing during inco^ ^ reached and fibnnolyw* 
ay C. This inhibitory acuvity decreased unul a muumaJ stationary eve 
oLurred Die nature of the labile componeot of the inhib.totr activity of plasma 

gauoo 
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The fandjmcntal importance of the process of Bbrinolysis and its relation to other physiologic proc 
esses involving the mechanism of blood coagulation, protein mcubolism and the body s response to 
vanons stimuli have been apprcaated only recently The sigmficance of such relationships arc discussed 
in an excellent review of the subject by MacFarJane and Biggs fBIood j 1167, 1948) 

H.WB 

TbB CoNCENTSUnON Or TUB I,aBILE FaCTOK of TnB PaOTBtOMBIN CoMPLBZ IN HoUAN Doo AND RaBBIT 
BtooD, Its Sionihcance in tub DErmunNATioN or PaoraaosiBiN Acnvrrr A J Qxtek tad AC 
S(tfantai From the Department of Biochemistry, Marquette University School of Mcdicmc Mil 
wantec, Wisconsin J Lab Be Qin Med 819-816, 1948 

A Jimplc method for assaying the concentration of the labile faaor of the prothrombin complex in 
blood IS presented This method is based on the principle that tncaJanm phosphate when added to 
plasma removes components A and B of the prothrombin complex thus leaving fibnnogen and the labile 
faaor as the only known plasma constituents playing a role in the process of clotnng On adding fi-esh 
plasma thus treated to stored Ijmnan dog or rabbit blood the prothrombin time was found to shortened 
*tnkingly By determining the amount of plasma that had to be added to a fixed amount of stored 
pl^^nia m order to reduce the prothrombin to an arbitranJy sclecrcd value Cio seconds) the rclauvc con 
ccntration of the labile faaor could be calculated By this procedure it was found that the prothrombin 
time was reduced to a markedly shorter value when the labile faaor was added to stored plasma than 
when added to fresh plasma, thus suggcscing that somahing is elaborated in stored plasma which cn 
hinccs the activity of the labile faaor 

GM.C 

A CoAOULAnoN Detect Proddced bt NnraoaBN Mostaeo T R Smsfh L 0 Jscehtn C L Sfirrr 
J G Alien, and M H Black. From the Departments of Mcdianc and Surgery the University of 
Qitcago Chicago Hhnois Science 107 474 1948 

Five patients we r e injected with nitrogen mnstard (mcthyl-bis ^bcta<hloroeth>i) amine hydro- 
chloride) as follows X were given a i mg /kg on four successive days, i received the same dose and four 
injections at twelve hour intervals i was given the same dose and fonr treatments at seven hour inrcrvals 
Md I was given o 5 mg /kg two doses at six hour inmrvals Within two weeks all 5 patients dcvcl 
oped a moderate anemia, severe leukopenia thrombocyropenja prolonged bleeding time cutaneous 
pctcchiac and ccchymoscs Coagalaaon atne was prolonged Intravenous injcaions of toluidinc blue 
o*” ptotznunc brought the coaguiacion time back to Donnal The author points out that nitrogen 
bustard treatment may induce serious or fatal compUcaaons due to the presence of an anticoagulant 10 

blood 

RCC. 

or THE Electric Resistancb or Human Blood Use in Coaodlation Studies and Ce 
Volume DETBExoNATioNf R L. Raseaekal and C W Tekiai From the Division of Mescal Ph^ics 
* 0 *^ the Department of Chemistry University of Califoniia Berkeley California J 

3S 1IIO-II2JL, 1945 7 h 1 

A method is desenbed for the measurement of clccmc resistance of blood and other ui s g 7 
P^*^i*^^d platmum electrodes were placed in robes of bitxxl An audiofrcqocncj ^ 

Rcncratc power An osalioscopc was used instead of the conventional telephone bnd^ 
oator By means of a scicaor switch and parallel arcuits six different samples cou! *tu 

All dctcrminanons were made in a constant fcropcrarurc water bath sa at 37 ^- . cnninariin 

Determination of resistance changes during the coagulanon of blood mate possib etc 
° ^^oog time with elimination of inconsistencies caused b> motion and offer a quannr 

study of doc rctraaion By means of the raao of bloi^ resistance to plasma res ^ ^ 

^'0 nmc ffaaion of a sample of blood may be calculated It ^vas found that the n^anJ Roi' br 
^*77 p-^ cent too high (averag*) a value coropirablc to that obtain'd bv P 
surely different techmej (Am. J Pbj’jiol ip 447 * 94 ^) 


G EC 
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Studies of Hesiopbiua I The Control of Hemophilia by Repeated Infusions of Noujal Human 
Plasma B AUxander and G Landwtbr From the Medical Research Laboratories Beth Israel Hospital 
and the Department of Medicine Harvard Medical School Boston, Mass J A M A i74~i79 
1948 

The authors report the prophylactic use of serial infusions of normal hurain plasma in hemophilia 
It was found that the intravenous injccuon of locc of plasma into a hemophiliac ssas capable of redaoo^ 
the coagulation time of the blood to normal levels the effect, however began to disappear within a few 
Ccighc) hours When too to 190 cc of plasma was used the effect was still present m tvfcnty four houn 
was beginning to disappear m thirty-six hours and was completely gone in three dap The use of larger 
amounts of plasma — up to 750 cc — did not cause prolongation of the effect It was further found that the 
administration of plasma intramuscularly was of little effect 30 cc of plasma having less of a coigulant 
power than i cc given intravenously 

A schedule was therefore devised in which too to 180 cc of reconstituted freshly processed, froitD 
normal huniato plasma was administered intravenously three times a weeL to patients with hemophilia 
Four patients with long histones of bleeding tendency and increased coagulation time were treated m 
this manner for irom ten to twenty months It was possible to maintain the coagulation times of these 
patients at high normal levels C15 to lo minutes) and there was stnling clinical improvement with 
elimination of senous hemorrhages The only relapses occorred when for vanous reasons the schedule of 
plasma infusions was tcmporanly interrupt^ The patients were able to work or go to school indulge 
in sports and even in one ease, undergo a surgical operation (tendon transplantation) There was no 
refractoriness to the plasma on the other hand, there was no permanence of effect The incidence of trans- 
fusicm reactions svas i a per cent, and one patient developed mild scrum hepatitis 

The clinical resoles in these eases arc so senkiog as to endorse the authors schedule of therapy as a 
benefiaa! and practical one at least until fractionation of normal plasma provides a consistently potent 
product for use in hemophilia 


£a 

luTLOENCE OP SotjONAioDEs ON Blood CoAOOiATioN M Yjihits Froto the Cit) Hospinl Prague • 
141 : ies Si 191 1947 , 

Cluneal observations seemed to indicate that the sulfonamides affect the blood coagulation 
experiments were made to test this effect m patients treated for gonorrhea «ith sanous su 

blood coagnlauon bleeding tunc and osmotic resistance of red blood cells were sptrmatia P ° °jred 

In 10 patients treated in this wag the acceleration of blood coagulability was sciy marl it >PP^ 
immediately following the first day of treatment and lasted for about six to nine dap 


r t f and L 

Blood Peotheombin Level IN Patients Sdftbrinofeom Disseminated ScLi'O® j - 

From the Clmic of Nervous Discjucs Charles University Prague 1 ^ 1 ^ ^ sclerosis 34 
Blood prothrombin has been determined in 53 patients suffering from jofuc 

ticnts (65 per cent) were a little higher than normal in prothrombin conKnt -othrombin was 

of these were very high (130 to 180 per cent) The arithmetical mean ra ue o 
ILD 6 per cent M N 

LEUKEMIA AND MALIGNANT 

TiffiHQjooaAM inMauonant Ltmphooxanoixjmatosii (Hodoion S ttAS a 

Medizinischc UmvcrsiatskluuL, Laosanne (Switrcrland) Praxis ai lenfocyte count was 

The authors studied the hemogram of 56 cases of Hodgkin s disease leukopenia was 

subject to important fluctuations and spcaally m the terminal phase 0 

more common than Icniocytosis fimresof fo per cent initially ard^ 

Lymphopenia was the most frequent symptom, the authors giw ^ ,0 for tb 

per cent terminally in the illness Eosinophilia was less frequent P" ^ 

frequently described monocytosis i„,^d sooner or later ^ 

Anemfa was seldom seen at the beginning and always developed soone 
the disease 
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Thbeapt K.F Z^s C a n 

«>“«> lBd,reX , >n xo pxncnts rrccMa^ nvcntyfonr 

Ifflprovcfflcnt w/^Lrr^" rcKns.tmt.on to roratgm rxyj 

f«“ Brown.sh oinm^ ^7 w immcdixtc disxppe^ancc o//cver ttch.og 

*kin lejious sJJ “^on »/ the skin was observed to dectcasc in several cas-s as did Hodgkin s 

"=TOBo/themono^^M ‘■"d adenopathy A regeneration of lymphoiytes and a 

“Jociatcd with a ^ Tmphocyte ration toward normal was the most consistent laboratory finding 

instance bv f "=""11'°" Bone marrow hypoplasia proceeding to aplasia and followed m 
ivithm a W regeneration to the prevrons level and m some cases to a mote normal level 

lew weeks after therapy was observed 

Gi C 

^'vi'^^ Mottaium in Fowl. Leocosis E P JAmim From the Section of Animal Pathology 
turai Expcnmcncal Station Blacksburg Vir^nia Science i0j 40-41, 1548 
Chick* performed to determine the effects of nitrogen mnstards on the leukosis of fowls 

renotisi° ^ ’’ mjeaed with the Bcltvillc strain A leukosis virus either intra 

sveretTM leukosis had become esublished (four to six week) chicks 

Of la b d Optimal dose of HNj was found to be i o mg/Kg for HN, i.o mg /Kg 

oca^ w *h**H*'*^ ^ climcal recoveries lasting from three to sii months Of 19 birds 

greater ^ niadc complete recoveries With treatment early in the disease the rcco\-cry is 

cells call uidicatcs that two tutro^cfl mustards have a profound action upon the immamric 

1^*^ a letJi j retard the mitotic aaivity both of the blood and the bone marrow and 

fmrn fi, upon the viras which causes the disease as indicated by the failure of blood drawn 

c treated a nim als to infect a normaJ host 

RCC 

Edema in Leucemic Mice roixowiNO XasATMENT with UamiANE W W Wtrubester anJ 
From the Division of Experimental Medicine Mayo Foundation Rochester Minnc 
Sacncc 2^ 568-565 1548 

paper wa5 a study on the effects of orcthaac on pulmonary capiUanes in the mouse The mice 
FNH hybrids transplanted with myelogenous leukemia Urethane was administered intra 
of ^ ^ leukocyte counts were in the neighborhood of 100 000 cells per cu mm. Doses 

^ varied from o 5 mg /Gm daily to i o mg /Gm daily Pulmonary edema was present in all 

soffit Giving graded doses produced edema in all cases in which the dose of crethane was 

^^^cicnt to have an effect on the leukemia If death did not result from the edema a subsequent devclop- 
found^ pocumoma did produce death Although the edema was restricted to the lungs csid-ncc was 
capillary damage in other regions of the body The authors point out the toxic effects of 
c when used over a long penod of rimg 

RCC 

induced Lymphopenia in Nokmad and Adeenalectomized Rats. A Dsrj iirzJ E D 
om the Department of Physiology George Washington University, Washington D C Erdo- 

^-ology 4 a 3 Xcr- 3 a 5 15^8 ^ " 

Irm ^ treatment of leukemia This substance has been repert-d as irdcorr a 

Tic ^ ^ well as other effects Urethane treatment abo induces an adrenal hsTertropiif la 

work of Dougherty and White where a lymphopenia was induced by adrenal cr^ical ei 
cortc^ Work was done to determine whether urethane induces the I)Tnphopmia via a-'mal 
A I ^ °^*^ *^*^ *’*^* of the Sprague Dasvic) scram were used 

and d ^ absolute Jjmphopcnia were mdu«d by urethane by these auihc-^ n b'’ b r ^a 

lymph ^^omizcd rats The adrenals would therefore not seem to be the faa"^ ^ i - 
poison^^'^* *^odcr urethane treatment The authors discuss the theory that i.mhan* a"* ai a te 


rcc 
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The Change in the Leucocytic Formula by the Leucocttosis-promotino Factor of Exudates in Ex 
PHR iMENTAL Leucemia V MeTtkjrt From the Agnes Barr Foundation for Cancer Research Temple 
UniYcrsitj- School of Medicine, Philadelphia, Pennsylvania Science ri/ 546-547 1948 
LcnLem'a was induced in mice by injections of leukemic material A few days to a few weeks later 
the mice were injected subcutaneously with i r mg of leukocytosis-promotmg factor (obtamed from 
canine exudates as prcnously desenbed by the author) Injections were daily at first and, after several 
weeks three times per week. This material induced a shift m the dificrcntial leukotyte formula with a 
rise in the percentage of mature poljrmorphonuclear leukocytes Several children with leukemia were 
injected with this matenal The only positive effect was a frequent drop in the total leukocyte level 

R.CC 


Regression of Lymphosarcoma Produced by Intraperitonbal ADUiNisTRA'noNoFg5%ETHTLAijcOHOi- 
A D Bats anJ M L H Frttman From the department of Pharmacology Syracuse University 
College of Medtane Syracuse New York. Saence roy 114-115,1948 

This experiment was performed in an attempt to determine whether the effects of alcohol on lympho- 
sarcoma were due to a direct effect or to effects mediated by the adrenal cortex C3H mice bearing 
6C3HED tumors were used One group of mice was treated with 19 per cent ethyl alcohol and another 
group was treated with vanous amounts of 95 per cent alcohol The 19 per cent alcohol prodneed no 
toxic symptoms and no tumor regression while the 95 per cent alcohol id produce toxic symptoms and 
showed a definite tumor regression Diffuse cell necrosis was seen m the tnmors treated with the 93 
per cent alcohol The results did not answer the original question as to whether the adrenal cortex was 
involved The authors suggest that the results obuined were not due to the alcohol itself but were doe 
to the toxic effects obtained 

R-CC. 


Ststesuc ALEUsanne Reticulokndotheuosis (LETTERER-SiwrE DisBAia) C Var^t Af N RidtrrttiJA G 
DiSoTtaii From the Department of Pediatncs and the Department of Pathcbgy New York Post 
graduate Medical School and Hospital New York Am J Dis Child 7/ 37 ^ 5®4 ' 94 ® 

Three cases of systemic aleukemic nonlipid reticuloendotheliosis are reported with a 
of the disease The usually accepted aiteria of this disease are (i) its occurrence neither 
nor familial in infants and young children, of unknown etiology and fatal firognosis, W h^tosp 
megaly (3) generalized lymphadenopathy (4) hemorrhagic diathesis (5) localized slid ^ 
tumors, (6) progressive secondary anemu, usually with a normal ienkocyte count ^ 

plasu of the cells of the reticulo-endothelul system which may assume focal tumor like pro i 
and (8) an acute onset unrelated to infecuons The authors take issue with this last 
cases, hke many others reported in the literature were assoaated with although not n 
by, infection Emphasis was also placed on the presence of cutaneous lesions similtt rose 
mantis which so frequentlj occur in the systemic renculo-cndothelial disjses ^ ,;^|lcd infectious 
Certam authors, including Siwe have made a distincuon between this disease ^ infeCTion* 

reticuloendotheliosis which mall otherrespects appear to be similar The very ^ judncuon 

in young children as well as those occurring coinadcntally in malignant disease ms 
cxtremcl) tenuous One wonders about the precise relanonsbip of this ihould be rightly 

disease leukemic reticuloendotheliosis reticulum cell sarcoma, etc , and w duotd'ts 

considered a separate disease entity Certamly our whole concept of the reticu 

IS confusing and badly in need of clarification H W D 

.Cormcsl Extract 0 Hrtf'w 

Lymehocyte Discharge frosi the Isolated Rabbit Spleen by Adrena I>pinra nt 

From the Worcester Foundation for Experimental Biology 1943 

of Physiology Tufts Medical College Boston Mass j,’tract (ACE) on ih' 

The purpose of this experiment was to determine the effect ^ ,1,. jource of th' ipl-n* 

lymphocyte content of the spleen under in vitro conditions Rabbio ^ ^CE admm"'"'^ 

and the blood A perfusion apparatus was i«ed 'h'*'**'' whole blood jxoducedi 

the isolated rabbit spleen under conditions of constant pressure an 
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Significant rise in the l)mphoc)ic content of the blood This nse occurred rapidly (15 minntcs) The 
lyinphoc) tet then dropped below normal lescls This secondary decrease in the circulating lymphocytes 
appears to be due to accelerated Ij raphocyte breakdown by the spleen, in the presence of ACE Th^ 
reacuons to ACE were not dependent on changes in pressure or splenic blood flow They could not be 
elicited with the thymus lung or liser Glucose, epinephnnc dcsoxycorocosterone acetate and 
tscTidiol propionate had no effect on the circulating Ijmphocytcs p r r 


SoLENic Ltmphoctte Discimroe Induced by Adrenal Cortjcai/ Hormones Under in Vivo ^vornoNS 
D Stmt and 0 Htciltr From the Worcester Foundation for Expenniental Biology Shrciesbuiy 
Mass , and the Department of Physiology Tufts Medical School, Boston, Mass Endoainology ^ 

LTf^viouf paper it «as noted that adrenal cortical extract (ACE) Foduced a discharge of lympht. 
cytes into the circulation from the spleen under in vitro condiuons This wor was one to s 

spleen under in \no conditions Rats were used for the experiment and a sOTSswaso tain . , 

theratsswim A lymphocytosis resulted from this stress in normal animals s 
decreased by adrenaleaomy or splenectomy Inyections of ACE to 

podneed a lymphocytosis ACE in/ectioos had no effect on adrenalcctomizc sp en , d,s 

tats DesoxycoficXoneacetate hadnoeffect ACE. then .s 

charge from the spleen under in vivo conditions as well as un^ Jn vitro con lu DoQphcrty 
mtcrcsting when compared to the lymphoFm* obtained by ACE in previous ^ 

xnd Whim Is the bmakdown of the lymphocyte m lymph nodes gtacet than the discharge from the 

spleen when animals are injected with ACS’ 

Ltsiphopenis Foliowtno ELecTRicatxY Iftouceo Cokvoisions p,^| Amencan 

MtUuhm and T T Ha/tims From the United States Veteran Admmistrauoo p 

Lake, Washington Endocnnology 4 t 'Ad® .i^mealb induced convulsion 

The object of this experiment was to determine if the stress 0 found m the third 

would produce a lymphoFma <" psychopc patients A significant y p to the lympho- 

hour following both the grand mal and "’“I Thercationo v^jj^otticotrophic 

penia found after other stresses and after injections of adrenal conica extra 
hormone are discussed R CC. 


immunohematolog Y ^ 

PaxuMiNARv Note on iNmoENci: of HcTEROSPECinc Immunixation on Prop „ ^.jjthDis Amitcr 
J J van Laittm Centraal Laboratonum van den Bloedtiansfusie dienst mnneug 

dam Bnt M J , a 316-318, 1948 r ^ 11 an attempt to induct anti Rh 

Volunteers were giscn reFaced meavenous injections of red ce s in tmhoid Fratvphcnd 

’gglntinins When, after 15 to 41 injections no anubodics were foun m 

■'’acanes were given simultaneously red 10 4 of xolunte-us 

The relatively weak anugens C and E were used Ri anobMics liter after th' 

*• of these only after saccinc injections One of the others showed asm m pnxjucrd anti 

Vaccine In general only those who showed a clinical response to t c cesponse 

'’odics to nearly all the injected typhoid antigens showed a satis ictory -ye most useful bo h 

If this observation can be confiimcd on a larger scale the techme s 0 ^ ^ribodi^ poiajrs 

poduang anti sera and as the author suggests, for screening for 

only those who react clinically to vaccine being used for Rh immonixation 5 y C, 

til P -vLllE 

Genetic Transhission or Two Rare Blood Group Genes A S IVicntr 
N \ Namrc, London ifj 735 

Tk.. 1 . , j - 


(cr 


N \ Nature, London 735 ( whom 

"Hui note records the phenotj p« and gcnorj'pcs dF four aim icj t rcco 

the Pr^rx^ n« ..J -L I »r 


NA,P Viaw 

• /?coc R» and one the extremely rare 


<^TC 
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Intragroup Incompatidiuty with Rxspect to the Hr Blood Factors as a Cause ot Minor HRWOLrnc 
Transfusion Reactions A S Wsater From the Blood Tramfosion Division of the Jewish Hos- 
pital of BrooLl)m and the Serological Laboratory of the Office of the Chief Medical Examiner New 
\ orL New YorL J Lab Qin Med 985-997 1948 

At the author s institution, the frequency of post transfusion febrile reactions has been reduced from 
7 9 per cent in 1936 to only 1 a per cent in 1947 as a result of the perfection of methods of eliminating 
pyrogenic materials from blood transfusion apparatus This virtual elimination of pyrogenic reactions 
has scr\cd to make more prominent mild hemolytic reactions occurring m Rh positive patients as a result 
of Hr sensitization by repeated transfusions given over a long period of time In a senes of 13 Rh 
posiuve patients having febrile rcacuons and at the same utnc ihowmg evidenre of posctramfosion 
hemolysis 17 were Hr negansT Among 10 patients with febrile reacuons but without evidence of 
hemolysis none were Hr negative The author suggests that one should invcsagarc every fcbnlc rcacnoo 
for evidence of hemolysis If hcmolj'sis has occurred even though the patient is Rh positive Hr testi 
should be done and if the patient is found to be Hr negative, only Hr-negativc blood of a companblc 
blood group should be used for future transfusions If Rh negative patients have reactions dcspire 
transfusions of rype rh blood, one should search for other scnsitiunons, particularly against the M 
factor 

GEC 


SpEcmc Serum Aoolutination of Ertthrocttes Shnsttizeis with ExraAcn of Tubercle Baouj 0 
'MjddlthrvokandK J Doha: From the Laboratories of the Rockefeller Institute for Medical Research 
New York, New York J Exper Med Si 5u-5l8, 1948 

Sheep E erythrocytes sensitized with extracts of human tuberde baalli or products of their cultort 
filtrate were agglutinated by sera of rabbits pfcvioosly injected with BCG and by sera of panents with 
active polmcmary tuberculosis At least one material capable of sensitizing the red cells was shown to 
be heat stable and present in the polysacchandc fracnon of the tuberde haafips 
spcaficity of this hcmagglnunacion was obtained from the negauve or insignificant reactions *7*"™ 
when the sensitized red cells were tested against sera of cipcnmental animals immunized wi 0 cr 
bacteria and against sera of nontubcrculoos individiials It was of particular interest that ere was 
no cross-reaction with Wassermann positive sera 

Inhibition of the speafic hcmagglutinacion rcacoon was accomplished by adding 
antigen to the scrum before the red cells were introdured into the system UtiJizafJon mjjj^of the 
bition test and the aggluunation test permitted the detection and quantiuaon of amoun 


sensitizing antigen 

The authors have suggested the possibility that this method may be of aid in 
antigen circulating in vivo and that there may be even some corrclauoo between 


the detection of 1 speafic 
the degirt of activity of 


tuberculosis and the titer of the patient s scrum m the hcmaggluDnatioo test ^ 


Errata , ^ 

, r of CtTthfoblaStOSlS with ex 

In Wiener Alexander S , and Wcxicr, Irving B Results of th FT 
change transfusions Blood 4, 1-35 Cjanuary), *949 . , factor ) 

Page 8, s-cond line from bottom, ‘ the Rho factor ) 

Page la, third line from bottom '‘AiMRhjrh (instead of 1^^^^ *'ptcnt ) 

Page 35, first word of second line of reference 14 potent 0" 
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EXPERIMENTAL PRODUCTION OF A NUTRITIONAL MACROCYTIC 

ANEMIA IN SWINE 

^ G E Cartwright, M D , Betty Tatting, B S , Helen Ashenbrucker, B A , 
AND M M Wintrobe, M D , Ph D 

T he purpose of this paper is to describe the expentncntal production of a 
macrocytic ancniia in swine madcdcficicnt in ptcroylglutamic acid This subject 
IS of interest because of the morphologic resemblance of the experimental anemia 
to pernicious and related macrocytic anemias, and because it is known that the 
hematologic manifestations of these anemias respond to pteroylglutamic aad 
A preliminary report of this work has appeared ’ 

Review of the Literature 

Since the contributions of Minot and Murphy in 1917* and of Castle in 1919 
concerning the etiology of pernicious anemia, many attempts have been ma c to 
produce macrocytic anemia in animals by a variety of different approaches How 
ever, the entire pernicious anemia syndrome has not yet been produced m e 
expcnmental animal 

Several investigators have reported the production of macrocytic anemu in 
swine Miller and Rhoads^ as early as 1935 fed swine a canine black-tongue pr uc 
mg diet and observed a symptom complex which included anemia, lesions 
oral mucous membranes, gastric achlorhydna, diarrhea and motor wca ess 0 

Ac extremities The disorder was thought to be associated with a loss o t 

pernicious anemia activity of the gastric secretion and liver Remissions o t^ 
3 nemia and amelioration of symptoms were induced by the administration 0 
'^tract Contrary to their claim, however, the anemia was not actuall) 

The average mean corpuscular volume in the animals with macro) ctic 

Was reported to be 59 5 c The mean corpuscular volume in normal 
56 ± 5 16 c^ > Furthermore, intermittent periods of achlorhydna ma) 
m normal swine ‘ 3 

Smith, Reiser and Harrell" observed a macrocytic anemia in weanling p^^ 
prolonged partial deficiency of the vitamin B complex but spontaneous 
^'mia ensued while the pigs remained on the same diet and wit 
c diet used was a modification of the Goidberger black-tongue p o 

Prom the Department of Medicine Gillegc of Medicine Unnersit) of 

* firant from the United State* Public Health Scnicc and the * 

Michigan 
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and was almost identical to that used by Miller and Rhoads * The mean corpuscular 
volumes reached 74 to 97 Cfi The inclusion of 10 per cent brewer s yeast in the diet 
protected the animals McGowan and Sinclair^ found that young pigs kept on a 
ration of com, fish meal and draff’ became ill with anemia and jaundice and liver 
damage were observed The anemia was desenbed as macrocytic and the femoral 
marrow was red and cellular Reticulocyte increases occurred following the ad 
ministration of raw liver, the anemia disappeared and the bone marrow became 
normal Lawrason and Cronkitc* observed a macrocytic anemia and achlorhydna 
in two pigs exposed to atom bomb ionizing radiation at Bikini In one animal the 
bone marrow was hyperplasuc and megaloblastic-like The relation of these 
instances of anemia in experimental animals to nutritional deficiency is not dear 
Welch, Hemic and collcagiics®~** have reported the production of macrocytic 
anemia with megaloblastic hyperplasia of the bone marrow in pigs maintained on 
a highly purified diet essentially free of extrinsic factor and to which sulfasuiidine 
and a folic acid antagomst were added One of the animals responded to the ad 
ministration of crude sodium casemate together with a 95 per cent ethanol extract 
of crude casein and normal human gastric jmee This animal later relapsed and was 
treated successfully with a single injection of 15 imits of liver extract A second 
ammal responded rapidly to four daily intramuscular injections of 10 mg of pteroyl 
glutamic acid A third pig became critically ill and was successfully treated with a 
combination of punfied liver extract, ptcroylglutamic aad and niacmamide These 
investigators concluded that punfied liver extract is effective m corrccung the 
anemia initially but found that relapses developing after livcr-mduced remissions 
were refractory to liver extract “ Extract prepared from the liver of a pig raised on 
the punfied casein diet and given ptcroylglutamic aad was hcmopoiecically inac- 
tive when assayed in a patient with permaovs anemia An extract from the liver 
of the same ammal after a month on the same diet, except that crude casein con 
taimng extrinsic factor replaced the punfied casern, was active when so assayed 
An extract prepared from normal pig liver was even more active It was cooda 
that ptcroylglutamic acid can elicit a complete hematopoietic response w pigs ona 
punfied diet poor m cxtnnsic factor " Our own studies m swine’ have been alln 
to already and will be discussed more fully later 

In monkeys, Wills reported”''’® the production of a severe macrocytic 
with a mcgioblastic bone marrow The animals were given a diet similar to t a 
in common use among the poorer class of Mohammedans in Bombay, where nu- 
maonal macrocytic anemia is common It consisted of polished nee, margarine, 
salt, iron, white bread, cod hver od, and either tomatoes or carrots The 
responded rapidly following the administrauon of either mannne or Campo 
purified anti-pcmicious liver extracts were ineffective Bartonella infections \ 


not present h.nnr diet 

The carher work in dogs fed a modified Goldbcrgcr Uack-tongne p 

was inconclusive Several of the dogs had been a„d that 

demonstrated that the anemia was complicated by Bartonella m ^ 

such an infcaion was capable of itself producing a severe anemia 
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ciODsliip between nicotinic ^cid deficiency ^nd tbe dcvelopinent of inscrocycic 
anemia was suggested by the work of Handler and Featherston Dogs fed three 
different types of diet deficient in nicotinic acid developed severe macrocytic anemia 
A sharp reticulocyte response and subsequent elevation of the red cell count and 
hemoglobin followed the administration of nicotimc acid but not when purified 
liver extract was given More recently Ruegamer, Bnckson, Torbet and Elvehjem'® 
observed that when young growing dogs were fed a niacin-deficient purified ration 
containing i per cent sulfasuxidinc, weight loss and signs of black-tongue developed 
Small doses of niacin were only partially effective in combating the loss of weight 
Pteroylglutamic acid helped to produce a more consistent response to niacin but 
had no apparent effect on the macrocytic anemia which appeared and became pro- 
gressively more severe Diarrhea was present and in the most deficient animals a 
pronounced, flaccid type of paralysis was observed As little as o 05 ml of purified 
liver extract (10 units /ml) was effective in bringing about a complete remission 
of the anemia Bone marrow studies were not mentioned This vs ork would seem 
to be of considersble imponsacc if it can be confirmed since it represents the only 
liver extract responsive, macrocytic anemia associated with neurological symptoms 
to be reported to date in expenmental animals The administration of choline-'’ 
or acetylcholine’’ has been claimed by Davis to produce a macrocytic anemia in 
dogs but this has not not been confirmed ” 

Wills” produced macrocytic anemia in rats but found that the anemia was due 
to Bartonella infection Watson, Cameron and Witts” have reported that the for- 
mation of a blind intestinal loop in rats leads to the development of a macroc) tic 
anemia which responds to purified liver extract The bone marrow contained in- 
creased numbers of proeryt^oblasts and basophilic crythroblasts A striking dif- 
ference between this anemia and that seen in nutritional macroc)'tic anemia and 
in pernicious anemia is the fact that marked reticulocj tosis (lo to 40 per cent) v\ as 
present in the rats pnor to therapy 

It has been reported that in some instances a deficiency of copper in sheep'* and 
cattle” is associated with a macrocytic anemia but detailed morphologic studies 
have not been done and this work needs confirmation 

Pteroylglutamic acid deficienc) in the rat-® ” is associated with severe normo 
cytic anemia, granulocytopenia, lymphopenia and thrombocytopenia However, 
such a deficiency in the chick has been desenbed as leading to the development of 
macrocytic anemia"' and the mean corpuscular volume has been reported to be 
increased from the normal of 137 c^i to 161 ' The anemia is accompanied bv severe 
leukopenia, due mainly to lymphopenia, the absolute numbers of neutrophils 
being maintained The thrombocytes also diminish in number In none these 
species has the anemia responded to purified liver extract therapv * 

The entire stomach of various species of animals including the doc cat -at pic 

and monkey has been removed bv a number of investigators This app oa^h^has 
not resulted in the production of macrocvtic anemia in anv species ” Pr ri a-- his 
group’" in a large series of experiments extending over a penod o*^ r a Iv iw. v 
vears have failed to produce macrocvtic anemia in either the Joe o' b p C T** ' 
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have observed, however, that total gastrectomy in swine leads to the complete 
disappearance of the anti-pcmicious anemia substance in the liver and that mcotinic 
acid therapy subsequent to the resection can ptevent this loss ” 

Experimental Procedure 


Jadudtng chc /bur aoinuJs dcicribcd in the prcliminjir)' report,* a totai of 31 ^\caIlllng Chester White 
pigs to l 8 days of age were used in this stady The animals were housed in individual cages and were 
fed the purified diet from the day chej were received which was also theday ofweamng 

Two types of basal diet were fed, a 10 per cent and a per cent protein diet the compositions ol 
which were as follows 

p<r cent per ctnS 
Casein 16 I 10 o 

Sucrose 57 7 73 8 

Lard no ii o 

Salt mixture*^ 51 5 ^ 

Tuo types of casein were used in different animals Shc^eld sNcw Process Ccfudc} casein and Shcfiicld s 
alcohol-extracted ([purified) casein The latter was prepared from Sheffield s high nitrogen casein 
by presoaking for 18 hours ivjrb cold 58 per cent methanol at pH 6 folloivcd by a continuous hour 
extraction with hot methanol The extracted casein was then tray dned to remove chc residual racthtnol 
It has been demonstrated prcMousI) in this laboratory by assay 10 patients with pernicious anemia 10 
relapse that the Sheffield Nciv Process Ccrudc) casein contains significant amounts of cxtnnsic factor 
activity * The Sheffield alcohol-cxtracrcd (purified) casein has been assayed m a similar manner for ex 
cnnsic factor activin The procedure of assay was as follows The pacicot was hospicaliicd and dunng 
chc assay periods liter meat mcacproduccx, milk and poultry were excluded from the diet Bread cereals, 
sugar fats \cgctablcs and fruits iverc permitted m the amoimts desired Daily for ten days 50 grams 0 
the casein to be assayed were incubated at 37 C for two hours tvich 150 to 100 ml of normal human gastnc 
juice at pH X 5 CO 3 5 The incubanon mixture was then strained through cheese cloth the filtrate was 
neutralized to pH 5 o and admiotxccfcd immediately to the patient The results arc shown in gi^re 1 
The purified casein in the quantity given contained insignificant amounts of extrinsic factor acuvity 
whereas the ^amc quantity of crude casein apparently earned an amount adequate to give a sign 
rcticulocHosu and rise la solurac of packed rod ocU* FolIoi%Tng this response the administration 0 one 
U S P unit of purified liver cxtracc daily for ten days did not produce a fiirthcr rcticulocytosis 
Depending upon the type and amount of casein in the basal diet the animals uercdivi into 
groups as follows 

Group A — Crude casein xo per cent 
Group B — Crude casein i6 per cent 

Group C — Purified casein 10 per cent . Parke 

Group I>— Punfied casein lo per cent plus 15 1 ) S P units of purified liver ^mne of the 

Davis 15 P units per ml ) administered rntramuscularly every 15 days from t c g 


expenment ^ irtighc 

The basal dice was fed in amounts of 36 5 grams (ijx calorics) per kilogram o jnimih 

per day Sulfasuxidinc was added to the basal diet of all animals in amounts o x.o 
were given a crude methy 1 folic aad antagonist preparedf by aJIoivmg z 4 5 ^ Mcbvdc ** Thu 
dine ind p-amino benzo)! t C+>gIucjmic acid to react wich i weight) or added 

antagonut it as administered daily cither in capsules (o o6 Gm pet Ulogtam o ^ vitamin 

to the diet (o i per cent) Natola (Parke, Dans 55 00 units of vitamin ■' Vitamins 

D per gram) o 056 gram per kilogram of bods ssitight per ss-eek s uppitt””' 

• Prepared by heating freshl) separated fat free ^ s"d*tTt^i[cc tL free acid and 

dilute muriatic acid at pH 4 5“4 ^ casein if then repeat y wa 

mineral consatuents to a minimum and is then dned phv ij.on Am-ncan Cram 

t By Dr M E Hultqaist and Dr j M Smith Jr of the Calco Chcmtca 

mid Company Pearl River N Y 
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were supplied in crystalline form by placing them in capsules and administering them orally three times 
a week The quantities given s\crc as follows (rag per lalogram of body weight per day) 

Thiamin hydrochloride o xj Pyndoacioc hydrochloride o xo 

Riboflavin o ix Calcium pantothenate o 50 

Nicotinic aad i xo Choline chlondc 10 00 

In addition all animals received crystalline biotin 50 /ig per kilogram of body weight per week intra 
rauscularly 

Hematologic studies (red blood cell count hemoglobin volume of packed red cells red cell indices 
rcuculocytc count total leukocyte count, differential leukocyte count and platelet count) u ere performed 
weekly on each animal throughout the enarc expenmeat 

The cellular composition of the bone marrow was studied in each animal at the onset of the expenment 
and at the time of development of the defiaency as well as before and after each therapeutic test Spcci 
mens of bone marrow were obtained by aspiration of the sternal marrow with standard 16 gauge sternal 
puncture needles A small amount of marrow fluid usually less than o 3 ml was ssithdrawn into a clean 
dry syringe and then co\cf glass preparations were drawn and stained with Wnght s stam Differential 
cell counts were made on 500 to 1 300 cells Because of the large amount of material the differential counts 



Fio I —Assay of purified and crude casein for extrinsic factor acu\ir) in a patient \Mth pernicious 
anemia in relapse The purified casein contained rainitnal cxinosic factor acen it> uhercas 50 grams of the 
crude casein contained an amount prcsomably equivalent to i U S P unit of luer extract since no 
additional response followed the adminisiraaon of this amount of luer extract 


will not be presented in detail in this publication Photomicrographs of sc^ cral c) pes of cells as u ell as 
detailed differential counts were presented in the preliminary report ' 

The total x4 hour unnary crcrction of total hydroxypheny I compounds (tyrosine p-hydroxyphcsjl 
lactic and p-hydroxy'phenylpyruvic acids) expressed as the tyrosine equivalent and referred to as n 
rosyl was determined by the Folm and Oocalicu method’* as modified by Medes ’’ The unc- nad- 
wcaUy acid with acetic acid was shaken w^th fuller s earth to remove coloring matter and irpuntics 
capable of reacting with racrciinc sulfate in subsequent procedures ” The inicnsitv the final color « as 
measured in the Ev clyn photoelectric colonmctcr using filter 3x0 ro>i Comm-rcial tv rn>jn ih c- ti s 
rccry sullizcd” served as a sundxrd Allantom was dctcnnincd in the unne bv the r-thoi 1 o-"e ird 

Conway using the Evelyn photoelectric colonmctcr and filter 3-0 Rccrvstalli -d p^’> is ^ 

tone sen cd ai a ttandard Urinary uncacid ssas determined b) a modificatioa* o tbcKc' a -- a i n 

method •' 


Results 

Gtntra! The animals deficient in ptcrotlglutamic acid presented an «r- 

pcarance wth thin, lusterless hair Their grosMh ^^as poor, ahhojqh it -s ro 
niore impaired than that of the ]ol^ protein controls not ptten the an .^0 
On the per cent casein diet groisth was pood but, b\ compa'ison wiib r ^ h 
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MCV, mean corpuKular \olunie 

MCH mean corpuicular hemoglobin 

MCHC mean corpuscular hemoglobin concentration 
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curves of animals fed the basal diet plus 3 to 6 grams of yeast per kilogram of 
body weight, there was a significant impairment of growth At 110 da)s of age 
the four deficient animals given a z 6 per cent casein diet (group B) weighed on the 
average 14 i kilograms and at 180 days 46 i kilograms The weight of animals 
given 3 east and no antagonist was 15 kilograms at ixo days of age and 67 kilograms 
at 180 days 

In addition, the defiaent animals became listless, weak and ate poorl) Moder- 
ately severe diarrhea was present and the stools were somewhat orange-3 ellou in 
color, due presumably to the presence of antagonist No oral lesions were obsen ed 
Spontaneous partial remissions of the pancytopenia occurred from time to time in 
the course of the experiment (figures 6 and 7) These remissions were usuall3 asso- 
ciated with a slight reticulocytosis of 6 to 8 per cent It is unlikel3 that the remis- 
sions were due to contamination of the diet since only one of two pigs kept in 
separate pens but eating out of a common trough might have a spontaneous re- 
sponse A more plausible explanation would be that a favorable change in the 
synthesis of pteroylglutamic acid by the intestinal flora took place at times Once 
the deficiency had become fully established, however, no further spontaneous 
remissions were observed 

It should be noted that the four pigs (10-53, 1056 and 10-64) described in 

the preliminary report' were depleted of pteroylglutamic acid for 80 to no da3S 
before the crude methyl folic acid antagonist was administered These four pigs are 
included in group A The remainder of the animals described here were gnen the 
antagonist from the beginning of the expenment 

Red Blood Gils All four groups of animals developed severe macroc3 tic anemia 
(table i), the only difference between the groups being in the rapidit3 of develop- 
ment and degree of macrocytosis The administration of x6 per cent crude casein 
(group B) rather than 10 per cent crude casein (group A) dela3ed the onset of 
anemia by an average of 40 days Anemia developed most rapidl3 in the animals 
receiving 10 per cent purified casein (group C), severe anemia being present in about 
69 days as compared with the 160 days required in the animals fed 16 per cent crude 
casein (group B) As can be seen by inspection of the \ alues for group D (table 1} 
the administration from the beginning of the expicrimcnt of 15 U S P units of 
liver extract every 15 da3S did not prevent nor dela) the appearance of anemia 
The animals in group D were given a diet identical \\ 1 th that of group C 

The anemia in all four groups of animals was macroc) tic The mean corpuscular 
hemoglobin concentration was normal However, the macrocvtosis in" group B 
was marked, whereas in group C it was onlv slight The [actors which sremeJ to 
determine the degree of macroc3 tosis arc illustrated in figure x From this and from 
inspection of table i it can be seen that the degree of macroevtoMs incrcas-J as 
time Went on An additional factor appeared to be the amount of js'i) cm m the 
diet since the group receiving 16 per cent casein (group B'' developed a g'eat" 
degree of macroC3 tosis in the same pieriod of time than did the group re 'i' mg o 
per cent casein (group A) In the former group mean corpuscular v olur -s r—ut 
as 104 cft were observed 

The first change noted in the red cells was a marked anisocv tissis tu . — 1 
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number of macrocytes and microcytes were present As the deficiency progressed 
the proportion of macrocytes increased Poikilocytosis was not prominent at any 
time An increase above the normal in the number of Howcll-JoUy bodies, nucleated 
red blood cells and polycbcomacophihc cells generally took place The anemia was 
associated with a slight reticulocytosis of z to 3 per cent (table i) 



Fio 3_ — Degree of nucrocytosit m anunjtls fed the erode, i6 per cent catcin diet fGronp B, solid Jme) 
compared with chat in animals fed a crude 10 per cent cfl<nn diet fGroop A, hroten hne^ The data rcpfc 
sent the means of values in all 4 pigs of Group B and 6 pigs studied for a corresponding length of omc in 
Group A 


Tablb l — Sttmmtrj tf th< tM Ltuhcjtts tnd ’PltStUtt 





Prior to De6dency 

1 

1 

Dunng DeSdency 


Croup 

Kumber 

0/ 

Pigs 

on 

Eiperi 

Taent 

^VBC 

X 1000 
per cjnm 

PilK 

X 1000 
per c mm 

AINC 

X 1000 
per 
c mm 

PUteletJ 
X 1000 
p«r c mm 

X 1000 
per 
e mm 

pm 

X 1000 
per cjom 

MNC 

xiooo 

per 

cjnm 

putt 

JeU 

X 1000 
per 
cjmn 

A 

11 

1 X 0 

±16 ^ 

17 5 

±1 43 

5 6 
± 70 

11 9 
±1 97 

573 

±130 

7 9 

±i 40 

1 4 

± 4 > 

s 5 
±i 19 

388 

±194 

1 

4 

1 

1 160 

±37 X 

±4 77 

5® 

± 97 

II 1 j 
±4 96 

430 

±76 

5 6 

±1 91- 

0 9 
± 91 

1 4 7 

81 

f 240 
±110 

C 

11 

69 

±11 4 

17 0 

±1 80 

« 3 

±i 71- 

10 7 

±1 11' 

548 

8 5 
±3 Si 

I 0 

± 87 

7 3 
±3 M 

±xi 4 

D 

. 5 

76 

±5 8 

17 I 

±3 39 

6 7 
±1 44 

JO 4 
zbx 58 

474 

±iii 

7 t 
±a 07 

I 0 

± 79 

6 I 

±i 6oj 

160 

±>74 


Group A Crude casein 10 per cent Group B Crude casein 16 per cent Group 
10 per cent, Group D, Punfied casan, 10 per cent plus hver extract 15 umts 

PMN, polymorphonuclear cells including neutrophils, eosmophils and basop 1 
MNC, mononuclear cells including lymphocytes and monocytes 

Ltuh)cytts (tabic z) Marked jeukopema accompanied the j 

number of leukocytes being reduced to 50 to 38 P- «nt of onginal v^lu^^ 

The leukopenia resulted from a reduction in both polymorp nolvmorpho- 

nuclear cells but there was a proporuonately greater reduction m pol>morpn 
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nuclear iclK i jvr cent tlian in mononueJnr cells Q4 per cent) All four groups 
of animals Jeseloi-ci! these changes to the same degree but the changes occurred 
much mo'c raptdK on the purified than on the crude casein Giant metam)eIoc> tes 
and multinucleated neutrophils such as those seen in the blood smears of patients 
with pernicious anemia were not obsened in the blood of the pigs 

PLu/efr (table “^liqlit thromhocs topenia dcs eloped The values for individual 
pigs \aned considerable but in general there was a slight reduction at the time of 
maximal anemn \o differences were noted bctsscen the four groups Spontaneous 
rises occurred occisiomlh fligures 6 and 7) 

Sun Mam t DifTercntial cell counts on marrow obtained from the deficient 
animals revealed rather striking alterations from the normal These arc only sum- 
marized in table 5 since detailed differential counts were presented in the pre- 
liminan report ' No significant differences were noted between the four groups of 
animals For this reason all the deficient animals are included in one group m 
the table 


Taplc 3 — Smnn^ tf Berr Studtti m Rjcetcini a Cemfltfe Dirt Lev Only in Prettin 

jftJ in Tictnty Ptereylf^nt^mtc Dfjictent Pigs 

Cell 

1 Son neficicnt Pips | 

Dcfiaent PJp 

Myc/oblasts 

0 9 

J 7 

Pfom)docjtcs and M>cIoc)tc 5 

' 9 ’• 

11 I 

Mctam)cloc)ics and PMN Neutrophils 

1 ■IS 3 , 

12. i 

Normoblasts 

1 J’- 9 

55 2. 

Megaloblasts 

0 0 

15 4 

Leokocyte Erythroid Ratio 

1 I 

I 0 


Values represent means 


There vzas a marked reduction in poljmorphonuclear neutrophils and meta- 
myelocytes and a slight increase in the proportion of myelocytes, promyelocytes 
and myeloblasts in the marrow of the deficient animals The Icukocyte-crj throid 
ratio was decreased In addition, extremely immature nucleated red cells were 
present which differed from the basophilic normoblasts seen in the marrow of 
normal pigs and in those fed diets low in protein or deficient in iron These cells 
were large, measuring 11 to 15 microns in diameter, and their nuclear chromatin 
Was delicate and meshlike In some cells the chromatin showed a tendency to 
clump, in others the chromatin appeared finely granular and more homogeneous 
A delicate nuclear membrane separated the relatively large nucleus from the 
homogeneous basophilic cytoplasm The more immature of these cells contained 
two or three distinct nucleoli Later stages were present, including the ortho- 
chromatic stage This entire senes of cells constituted about 15 per cent C3 to 40) 
of all the bone marrow cells Photomicrographs were included in the previous 
report ‘ 

These cells resembled closely the megaloblasts seen in the marrow of patients 
with pernicious anemia, the only distinct difference being that the nuclear chro- 
matin was not as fine and meshlike as that seen in megaloblasts in man \\ hether 
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or not the cells described arc pig mcgaloblasts is a matter for conjecture but for 
purposes of discussion in this paper these cells will be referred to as mcgaloblasts 
in order to distinguish them from the immature red cells (normoblasts) seen m 
other types of anemia in swine It is noteworthy that these mcgaloblasts were 
present in the bone marrow in the same proporuon in group D as m group A, B 
and C, in spite of the administration of liver extract from the beginning of the 
experiment 

Tynsyl, Allautam and Unc Acid Excretion The data on the unnary excretion 
of tyrosyl, allantoin and uric acid, both before and one month after pteroyl- 
glutamic acid therapy, are summarized in table 4 These represent the means of 
three consecutive daily determinations in each of 5 ammals 
The term tyrosyl is used to refer collectively to the hydroxyphenyl compounds 
(tyrosine, p-hydroxyphenyUactic acid and p-hydroxyphcnylpyruvic aad) as deter- 
mined by the method of Folin and Ciocaltcau No significant change was noted 
in the exctction of tyrosyl Determinations were done daily on z animals for 


Table 4 — Studus on the Unnary Exartiin 0/ TyrotyT AlUnttin and Um And in Frit Btjtrt and Afte 


Pttrtyliliaamic And Therapy 


Detemunition 

Number 

Pjf* 

1 

Defideat 

Trtatcd 

Tyrosyl mg 

5 

• 

6 7 ± 1 38 


AUancoin mg 

5 

10 4± I 37 


Unc Aad mg 

5 

6 I =t 0 84 


Allantoin + Unc Aad mg 

5 

16 3 ± 1 68 

EiSiUI 


RciultJ are expressed in mg /kilo body weight/L4 hours 


thirty days following therapy No consistent increase or decrease was noted 
either within the first day or two, or later The amount excreted per daj oy a sing c 
animal varied from day to day as much as 575 mg . 

The z4 hour urinary excreuon of allantoin and unc acid was not si^i Y 
different before therapy as compared with the excretion one month later 
immediately following therapy, in association vnth the rcticulocj'tosis, ^ 
a marked increase in the excretion of allantoin as shown in figure 3 s 
increase in uric aad excretion did not occur . , 

Pathologic Studies* Autopsy matenal including sternal, nb an , 

marrow, liver, spleen, stomach, kidney, lung, skeletal muscle an “ ’ 

was obtained from 7 untreated animals in which a deficicncj o p 
acid had been produced The bone marrows showed a stnking cc u 
Meeakarvocytes were present in approximately normal num rs 

“Sow of .088 -S.,, "d a n..,W fX? 

cu mm ) just prior to death, and the number f cardiac muscle 

MiCTOScopic examination of the liver, of interstitial 

failed to reveal any significant abnormalities although 

•We arc indebted to Dr F D Gunn Profesior of Pathology Universitj ofUtah for the 
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cn rr „,c ucrc .ccn m vccm.n. of the lungs of mo an.mals An increase t„ 
cn nsulcnn ^Ms not ohsene.l ,n an^ of the organs studied Areas of atrophv, 

h^alnlr^tlon and vcrmental necrosis xsere present in the sections of skeletal muscle 

.iinilir clnnrcs Insc heen ohserved in the muscles of animals fed a diet low in 
protein 

heif ijifp] inna T/erjprmtc it^aits The increases in reticulocytes and volume 

Of puled red cells folhminq theript u,th ptero) Iglutamic acid compounds (z. 
•ininials, ire sunimuired in table 5 Representative examples are illustrated in 
ctai in fiqurcs f, 7 md S In ever) instance except two, a reticulocytosis of 



^10 3 — Urinor) excretion of uric icid ind allintom Cpig u> 7 J Group B) following a single intra 
muscular injection of to mg of pteroylglntamic acid Note the marLed increase in the excretion of allan 
tom during the period of reticulocytosis The excretion of uric acid remained relauvcly constant 

II per cent or greater followed therapy with a pteroyl glutamate In half of the 
animals treated there was a reticulocytosis of zi to 4Z per cent The reticulocyte 
curve rose sharply with a peak on either the third or fourth day following therapy, 
as illustrated in figure 4, in all but two instances In these the peak was reached 
on the second and fifth days, respectively Simultaneously with or just following 
the reticulocytosis there occurred a rapid rise in the volume of packed red cells 
and a return to normal or near normal values within two to three weeks Fre- 
quently the increase was as great as 10 to 15 ml / 100 ml in the first week following 
therapy (figure 4) In all instances except two the increase was greater than 10 
tid / 100 ml and in one-half of the animals the rise was greater than 15 ml / 100 ml 
The mean corpuscular volume returned to normal more slowly and frequently 
macrocytosis persisted in the absence of anemia 
An imtial leukocyte increase, generally greater than 5000 per cu mm , invariably 
followed this type of therapy (table 8) After several weeks the leukoc) tes then 
decreased somewhat but in zo of the z) animals so treated the values for total 
leukocytes were sustained within the normal range A thromboc) tosis also oc- 
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currcd m almost every instance but due to the great vanabihty m the number of 
platelets the results are difficult to interpret 
In the bone marrow pteroylglntamic acid therapy was associated with a rever- 
sion to normal There was a decrease m the mcgaloblast-hke cells, an increase in 
the myeloid-erythroid ratio and a shift to the nght in the myeloid senes Fre- 
quently large masses of platelets, covenng several low-powcr fields, were present 
in the bone marrow preparations 


Ta»i^ 5 — Sjjultj ef Therapy wttb Tiaiylfliatmic Add Ctmpcands 


Pie Numbtr 

Compound 

Do«e 

me 

I 3 I 

Before Thenpy 

After Therapy 

VJ»RC 
m! /too ml 

Reties 

% 

Retie 

Peak 

1 VPJtC 

% 

Day 

ml /lOO ml 

Day 

10-53 

PGA 

100 


3 

15 

4 

4^ 

iz 

10-54 

PGA 

zo 

z 6 

1 

15 

3 

40 

z 6 

10-56 

PGA 

10 

2.7 


6 

4 

41 

IZ 

10-64 

PGA 

zo 

zi 


M 

3 

37 

IZ 

JO-72 

PGA 

20 


j 

33 

3 

43 

3-f 

10-73 

PGA 

ZO 

xS 

I 

16 

3 

45 

zz 

10-75 

PGA 

10 

30 

3 

14 

3 

43 

16 

lo-Si 

PGA 

0 I 

1-3 

4 

16 

4 

33 

9 

10-83 

PGA 

ZO 

19 

z 

II 

4 

45 

13 

10-84 

PGA 

ZO 

1-5 

z 

17 

3 

33 

1-7 

10-85 

PGA 

0 05 

1-9 

I 

7 

4 

31 

14 

10-91. 

PGA 

ZO 

ZO 

z 

34 

4 

44 

7 

10-93 

PGA 

ZO 

ZI 

3 

35 

4 

40 

i 6 

10-95 

PGA 

ZO 

9 

3 

=■5 

3 

35 

ZO 

10-96 

PGA 


13 

z 

17 

3 

3^ 

18 

10-99 

PGA 

ZO 

ZJ 

4 . 

18 

3 

36 

ZO 

10-97 

PDGA 

50 

“3 

z 

42- 

3 

40 

ZI 

10-74 

PTGA 

ZO 

37 

3 

ZI 

3 

49 

41- 

10-77 

PTGA 

ZO 

1-7 

3 

16 

3 

41- 

ZI 

10-78 

PTGA 

ZO 

z6 

I 

13 

3 

39 

14 

10-98 

PTGA 

ZO 

uo 

z 

1-3 

z 

41 

6 

10-85 

PHGA 

ZO 

13 

I 

34 

4 

40 

31- 

xo-96 

PHGA 

ZO 

13 

z 

45 

5 

1-9 

z8 


PGA ptcro)lglat»nuc »cid 
PDGA, ptcroyldiglotimic aad 
PTGA ptcroylmglutiimc aad 
PHGA ptcroylhcptaglntamic aad 
V P R.C \ olame of pacted red cells 

Pteroyldiglutamic aad (figure 4), ptcrojltnglutamic acid (figure 8) and ptcro)l- 
hcptaglutamic aad were as effcaivc as pteroylglutamic aad (table 5) m restonng 
the blood and bone marrow to normal The one ammal (10-97]) treated with the 
diglutamatc, one (10-98) of the four animals treated with the tnglutamate and 
both animals (10-85, 10-96) treated with the heptaglutamatc were fed the purified 
casein diet and so prcsumabl> had received little cxtnnsic factor 
The effects of therapy with vanous commercial liver extracts and with vitamin 
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Fig 4. Pig 10-57 (Group C pun6cd casern, 10 per cent) Note the marked rcticnlocytosis and in 
crease in volume of packed red cells (He), leukocytes (WBC) and polymorphonuclear cells (PMN) 
following the intramuscular administration of 50 rag of ptcroyldigluuraic acid 

MCV refers to mean corpuscular volume in c;i, Ht refers to volume of packed red cells, ral/ioo ml 
retie refers to reticulocytes, per cent WBC refers to total leukocyte count thousands per c mm PMN 
refers to polymorphonuclear cells thousands per c mm , Plat refers 10 platelets times 100 000 per 
c mm 



5 Fig 10-72. (Group B, crude casein, x 6 per ccoO Note the rcticulocytosis and gradual increase 
“ volume of packed red cells (Ht ) following the intramuscular administration of a ml (No 1039 
3 ° U S P units) of purified liver cactracc This represents the greatest response to lu'cr extract obserred 
Compare with figures 7 and 8 After becoming anemic again this animal failed to respond to a second 
“Ejection of liver extract (No 1039 3° U S P units) although it rcipondcd promptl> to ao mg of ptcr 
oylglutamic aad intramuscularly It is noteworthy that this animal was receiving afi per cent exude 
and consequently had a\aiUblc liberal amounts of extrinsic factor For symbols see figure 4 
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Bj. arc presented in table 6 Representative examples arc illustrated in figures 5, 
6, 7, 8 A significant reticulocytosis of more than 10 per cent occurred m 33 per cent 



Fjo 6 — Pi^ 3092. (Group D purified ci5cm lopcrccnt plu5i5USP onitiofpunfied Jnerextract 
(No IOJ9 15 ;»/m!)cvcfy 15 <Uy«) Thiumimal de\ doped aneiuii leukopenia neutropenia andthrom 
bocycopeoia m spire of the admioistranon of 15 units of punfied Ii%cf xctract every 15 days from the 
beginning of the expenment The intramuscular admimstration of 10 ml (150 units) of the wroe liver 
extract m a single io)cctioQ was followed by a reticulocytosis but there was no increase in volume of 
packed red cdls (Ht ) Twenty mg of pteroylglutamjc acid (intramuscularly) produced a prompt response 
in rcticuloc) res and \ olumc of picked red cells For s) mboU see figure 4. 



Fio 7 — Pig 30-95 (Group C, punfied casern 10 per cent) Follov^ing the intramuscuUr admimstration 
of ami of punfied liver extract ^o 1114 40 units) there was a slight rcriculoc) rosis but no increase in 
the volume of packed red cdls (Hl.) This animal failed to respond to liver extract m spite of the fact that 
he was given punfied casein (cictnosic factor poor) A rapid response took place following the adminis- 
tranon of 10 ragof pccroylgluramicacid inrramuscubrlv For symbols see figure 4 

(5 out of 15) of the tnals v.hcrcas a similar response occurred in 91 per cent (xi out 
of 13) of the therapeutic trials with the ptcro>lglutamatcs The rcticulocj tc curve 
in general rose graduall), ssas flat in shape and the peak, if present was eleJajed 
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Cfigurcs 5, 6, 7) as compared w ith the p»caks following ptcroylglutamic acid therapy 
(figures 4, 5) The reticuloc) tc response to liver evtracts was no greater in the 



Fio 8 — Pig 10-78 CGroup A, crude catciQ lo pee cent) Note the failure to respond to tyrosine liver 
extract (No 1114, lo units follows ed by 60 units and No 1067, 40 units) and the subsequent response to a 
single intramuscular injection of 10 mg of ptcroyltnglutamic acid For symbols see figure 4 


Table 6 — Ktsttlts Thtrapy With Ltvtr Extroas and V$fam$n Bjj 


Pig Number 

Liser Extract 

Before Therapy 

After Therapy 


WISM 

Total 

USP 

UnlU 

VPRC 
mi /lOO ml 

Retici 

% 

1 Relic Peat 

1 VPRC 

% 

Dsy 

ml /lOO ml 

Day 

10-53 

1039 

«5 

150 

M 

4 

5 

X 

13 

IX 

10-54 

1039 

15 

75 

18 

I 

15 

4 

x6 

xo 

10-56 

1039 

15 

'5 

'5 


5 

7 

17 

M 

10-71 

1039 

15 

30 

M 

3 


zx 

38 

35 

10-81 

1039 

15 

75 

^5 

4 

4 

8 

13 

13 

10-85 

1039 

15 

75 

J -7 

3 

4 

5 

31 

14 

10-30 

1039 

15 

3 ° 

^9 

X 

4 

4 

34 

33 

10-51. 

1039 

>5 

150 


1 

XI 

IX 

XO 

30 

10-73 

iia.4 

zo 

80 

31 

4 

ZI 

10 

34 

10 

10-78 

11x4’ 

xo 

80 

1-7 

X 

3 

6 

2.7 

2-3 

10-95 

IZ14 

xo 

40 

10 

X 

9 

11 

9 

x8 

10-99 

1114 

xo 

40 

xz 

I 

ZO 

9 

XI 

33 

10-77 

1067 

4 

40 

13 

3 

14 

4 

38 

17 

10-78 

1067 

4 

40 

2-5 

z 

5 

4 

17 

xo 

10-80 

1067 

4 

40 

30 

I 

5 

6 

38 

10 

iD-76 

1063 

0 

0 

^9 

X 

4 

6 

33 

9 

10-81 

1066 

0 

0 

15 

z 

5 

8 

13 

XI 

10-56 

Vitamin B,, 


115 

XO 

I 

6 

X 

31 

>•9 


All hver extracts given intramuscularly in a single injecaon 
V P R,C refers to volume of packed red cells. 

Liver extract 1033 P»rkc Davis and Co iiM Armour and Co ao mg solids per ml 1067 
Armour and Co 1063 Armour and Co containing /« vttro factors of Ha)s C43) 1066 Armour 
»nd Co one ml denved from 46 grams of fresh liver 

animals given the purified casein diet than in the animals fed crude casein There 
'vas no correlation between the number of units of liver extract given and the degree 
response The greatest rcticulocytosis observed follcnving liver cMract therap) 
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was X4 per cent (pig 10-72., figure 5) After becoming anemic a second time, this 
animal then failed to respond to a second injection of liver extract but responded 
promptly to 20 mg of pteroylglutamic acid Pig 10-92 (figure 6) was given the 
purified casein diet and 15 U S P units of liver extract every two weeks from the 
beginning of the expenment When severe anemia developed, 10 ml of liver 
extract (150 umts/ml ) was administered in a single injection In spite of the 
previous administration of liver extract, reticulocytosis appeared which reached 
a peak of ii per cent on the ixth day following therapy However, the reticulocyte 


Table 7 — RtstJts Titrtpj With VtruHS Otbtr TAijIanax 



Th erapy 

Before Therapy 

After Therapy 

Pig Number 







Relic Peak. 

VPRC 


Compound 

Route 

Dose 

Days 

V P R.C 
ml /lOO ml 

Retic# 

% 

m 

ES 

ml / 100 ml 

Day 

1076 

ThjnuQC 

Oril 

10 Gm 

5 

xS 

■I 

3 

6 

16 

13 

10-77 

Thymine 

Oral 

10 Gm 

7 

M 

H 

5 

4 

17 

16 

10-81 

Thymine 

Oril 

10 Gm 

3 

1-3 


XI 

7 

34 

II 

10-81 


Oral 

10 Gul 

s 

34 

mM 

7 

8 

3^ 

3 S 

10-77 

Uricd 

Oral 


5 

J -7 

3 

5 

X 

17 

17 

10-77 

Adcmnc 

Oral 


5 

X 7 

3 

3 

5 

M 

14 

1080 

Xanthoptenn 

LM 

lo mg 

1 

30 

3 

9 

10 

34 

xo 

10-80 

Xanthoptenn 

Oral 


5 

3 ’- 

1 

X 

6 

30 

XI 

10-78 

Tyrosine 

Oral 

10 Gm. 

10 

x6 

3 

5 

5 

17 

35 


V P R C refert to voinme of pscLed red cellt. 


Table 8 — The Inttial Rtse tn the Leakoeyttf Felleveni Ftcnjl^lutama Asti Therapy Ol pffi} 
Compand Wrtb Lever Extravt Therapy (rj peiT) 


Initial Rise m WBC X 1000 /c mm 

i 

Pterogylelatamic Add Compounds 
No Riga 

Liver Eitncts No PIr» 

0 

1 ^ 

3 

1-5 

1 4 

JO 

5-10 

la 

X 

10-15 

i 7 

0 


curve was irregular and was not accompamed by a rise in volume of packed red 
cells 

A significant increase in the volume of packed red cells following liver therapj 
was observed in only 5 pigs (10-54, 1072., 10-77, 10-80) and in these the 

rise was 8, ix, 14, 13 and 8 ml /loo ml respectively By companson, ptero)l 
glutamic aad therapy was followed by a nse in the volume of packed red cells 
greater than 10 ml / 100 ml in 91 per cent of the trials The rise was prompt as 
well as marked In general, the mean corpuscular volume was little affecte } 
Iner extract therapy (figures 6, 7, 8) . 

An initial increase in leukocytes following liver therapy occurred m ° 

15 tnals but It was not as marked as thcnsefollowing pteroylglutamicaci t erapy 

(table 8 ) In 10 instances the leukocyte level was sustained within the norma 
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range Thromboc}tc incrciscs occurred irregular!) but m general the increases 
were not sustained 

The changes in the bone marrow which followed liver therapy were of the same 
t)^ and degree as the changes noted in the peripheral blood In most instances, 
as the number of leukoc) tes rose following the injection of liver, there was an 
increase in mctam)eloc} tes and neutrophils and an increase toward normal in the 
leukoc) te-erythroid ratio In the bone marrow of those animals in which the 
anemia responded partiall) to liver therap) there was a reduction in the relative 
numbers of megaloblast-like cells but in no instance did they disappear entirely 
If no response to liaer was observed, no changes were noted in the bone marrow 

Cr)stalline vitamin Bu was administered to one pig (table 6) The reticulocytes 
rose from i to 6 per cent and the volume of packed red cells increased from xo to 31 
in 15 days 

The results of therapy with various other substances are presented in table 7 
Uracil, adenine and tyrosine were inactive in the doses given Xanthopterin in a 
single injection of xo mg (1 mg /kilogram of body weight) produced, in a single 
animal, a slight reticulocytosis of 9 per cent and a small unsustaincd nse in volume 
of packed red cells This was then followed by 15 mg (i 9 mg /kilogram) of 
xanthopterin daily by mouth for five days without a further response A response 
to thymine with a reticulocytosis of xi per cent was observed in one animal (10-81) 
Although the volume of packed red cells, leukocytes and platelets increased, the 
increase was not maintained and a second course of thymine was ineffective In 
two other pigs (10-76, 10-77) response followed the administration of thymine 

Discussion 

Macrocytic anemia, leukopenia due to a proportionately greater reduction in 
polymorphonuclear than in mononuclear cells, slight thrombocytopenia, and a 
bone marrow picture showing erythroid hyperplasia and immature red cells resem- 
bling the megaloblasts of pernicious anemia, developed in swine fed low or high 
levels of crude or purified casein and given sulfasuxidinc and a pteroylglutamic acid 
antagonist A clear cut and sharp hemopoietic response was observed in such ani- 
mals whenever pteroylglutaimc acid was given The administraaon of liver ex- 
tract, however, was associated with only a slight effect Thus, in 10 out of 15 trials, 
no or only slight activity was observed In 5 trials a significant reticulocytosis 
occurred but the reticulocyte peak was delayed and the curve was flat as compared 
with that produced by pteroylglutamic acid Although an increase in volume of 
packed red cells followed liver extract therapy m 5 pigs, this increase was delayed, 
submaximal and unsustained 

These blood and bone marrow changes developed in the cxpcnmental animals 
not only when crude casein containing extrinsic factor was fed, but even in pigs 
injected every 15 days with liver extract containing 15 units of anti-pcmicious 
anemia principle Thus it seems clear that a hematologic syndrome with morpho- 
logic characteristics similar to those of pernicious anemia can be produced 
mcntally m the pig in the presence of the anti-pemiaous anemia liver factor This 
condition would appear to be similar to the pteroylglutamic acid-responsne, liter- 
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refractory megaloblastic anemias described in human subjects, namely, tropical 
macroc} nc anemia, ** •** macroc)’Tic anemia of pregnancy, achrestic anemia,^* 

and rcfractoiy megaloblastic anemia 

It IS not likely that the response to liver extract, such as it was, can be attributed 
to the ptcroylglutamic aad content of the extracts More than 50 tig of ptcro)l- 
glutamic acid has been found to be required by the pig in order to elicit a significant 
response C^able 6) The extracts used were found by assay with Lactobacillus casts 
m our laboratory as well as by others’” to contam only about i to 5 ;jg of the vita- 
min per ml and the greatest response to liver extract (jug lo-yz) occurred followmg 
the injection of only x ml Furthermore, there vias no corrclauon between the 
number of ml of extract given and the degree of response Again, extracts contain- 
ing no anti-pcmicious anemia acuvity (nos 1063 and 1066) but possessing the same 
quantities of pteroylglutamic acid were ineffective The less highly purified extract 
(no 1067, 4 units/ml ) containing about 5 tig of pteroylglutamic acid per ml was 
no more effective in the pig than the more highly refined extract (no 11x4, xo 
units/ml ) which contained only about 1 tig per ml 

Since the response following the administration of crystalline vitamin Bij* was 
of the same type as that following purified liver extract, it is reasonable to assume 
that the effectiveness of the hver extracts was due to their vitamin Bu content (or 
to a chemically related substance) rather than to a third factor and that in those 
pigs responding to liver extract there existed a partial deficiency of the hver 
factor in addition to the pteroylglutamic aad deficiency Consistent with this is 
the observation chat pig 10-71 (fig 5) failed to respond to a second injection of liver 
extract after becoming anemic a second time Presumably the deficiency had been 
satisfied by the injecuon of liver extract and a second response was therefore not 
obtainable 

Animals receiving crude casein containing considerable extrinsic factor acuvity 
responded as well to liver extract as did those receiving purified casern It must be 
concluded, therefore, that a partial defiacncy of liver principle developed in spite 
of the availability of extnnsic factor On the other hand, pigs fed a diet similar in 
all respects to the low protein diet used in these experiments, wnth the exception 
that a pteroylglutarmc aad antagonist was not included, did not respond at all to 
liver extract This suggests that in ptcroylglutamic aad deficiency the reqrnrc- 
ment for a faaor in liver extract (vitamin Bu) is increased One may speculate 
whether ptcroylglutamic acid plays a role in the release, absorption or synthesis 
of vitamin Bu in the intestinal tract 

The h)'pothcsis has been presented” that ptcroylglutamic aad functions in some 
way in the sjnthcsis of thymine and that Bu serves as a coenzyme which is con- 
cerned with the conversion of thymine to thymidine According to this hypothesis, 
the curative effects of ptcroylglutamic aad in pernicious anemia depend upon 
inCTcascd thjTmnc synthesis, which, by mass action, leads to the formauon of 
th)-midinc The eScaiveness of large amounts of thymine in pernicious anemia is 
explained on a similar mass action hj-pothcsis If this view is correa, then pigs 

* This finding his been confirmed in five iddinonil pigs 
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dcfiacnt in ptcro) Iglucamic acid should respond to Jarge doses of thjminc Such 
was not the ease 

The pterojlglutamic acid deficient swine, receiving either crude or purified 
casein, responded rapidl) and maMmall) to each of the three pterojlglutamic acid 
conjugates tested This indicates that in these animals there was adequate utiliza- 
tion of the conjugates If the animals were actuall) in a state of liver factor deple- 
tion, as suggested b) assa)s of the livers of similar animals,'* then it is difficult to 
accept the hjpothesis that the liver factor is necessar) for the proper utilization 
of the naturalh occurring conjugates However, it must be admitted that it is 
much easier to find flats s in current hypotheses concerning the role of ptcroyl- 
glutamic acid and the anti-pcmicious anemia factor in metabolism than it is to 
offer an explanation which is wholly satisfactory 

Swendseid, Wandruff and Bcthcll“ have found that the urinary excretion of 
total phenols and hy’droxy phenyl acids is increased in patients with pernicious 
anemia in relapse and that within twenty-four hours following therapy with liver 
extract there is a marked reduction in the phenolic fraction containing the hydroxy- 
phenolic acids It has also been claimed that liver suspensions from pteroylglutamic 
acid deficient rats arc better able to oxidize tyrosine after the addition of pteroyl- 
glutamic acid than in the absence of this substance*^ and that either ptcroyl- 
glutamic acid*’® or anti-pcmicious anemia liver extracts* arc capable of reducing 
the increased keto acid and tyrosyl excretion in scorbutic guinea pigs The re- 
sults of the tyrosyl excretion studies presented here fail to indicate the presence 
of a defect in tyrosine metabolism m pigs 

The markedly increased excretion of allantoin in the unne during the peri o 
rcticulocytosis following therapy with pteroylglutamic acid is similar to the in- 
crease in uric acid excretion which occurs in patients svith pernicious anemia o - 
lowing therapy with liver *» However, since a similar increased excretion takes 
place dunng the regenerative phase following hemorrhage,*' it is likely that ^ 
mcirly represents increased hemopoietic activity and a rapid turnover of nucleic 
acids in the bone marrow 


Summary 

I A deficiency of pteroylglutamic acid has been produced in 32. swmc fed a 
punfied diet containing casein and supplemented with seven B vitamins, su a 
suxidme and a folic acid antagonist The casein was fed at two levels, 10 and a6 
per cent Two types of casein were used a crude preparation possessing significant 
extrinsic factor activity and a punfied casein with little activity 
X The hematologic manifestations observed were (a) severe macrocy tic aneima 
(b) Icukopcma, due to a proportionately greater reduction in po ymorp 
than in mononuclear cells, (3) slight thrombocytopenia, and ^4) . 

marrow with an increase in immature nucleated red cells which resemble the 
mcgaloblasts seen in the bone marrow of pauents with pemioous anemia 

3 The feeding of a x6 per cent rather than a 10 per cent crude casein n° 

prevent but did delay the onset of the blood changes Anemia developed most 
rapidly m the animals receiving 10 per cent punfied casein 



310 


PRODUCTION OF ANEMIA IN SWINE 


4 The group receiving 16 per cent casein developed a greater degree of macro- 
cytosis in the same penod of time than did the group receiving 10 per cent casein 
In all groups the degree of macrocytosis increased as the duration of the anemia 
increased 

5 The hematologic manifestations were not delayed nof was their development 
prevented by the intramuscular administration of 15 U S P units of hver extract 
every 15 daj’s 

6 The blood and bone marrow returned rapidly to normal following the ad- 
ministrauon of ptcroyl glutamic aad, pteroyldiglutamic acid, pteroyltriglutamic 
and ptcro>lheptaglutamic acid Thymine and xanthopterin had little or no ac- 
tivity Tyrosine, adenine and uracil were inactive 

7 Punfied liver extracts and crystalline vitamin Bj. were found to possess some 
hemopoietic activity in several ammals but the activity was considerably less than 
that of the pteroylglutamic acid compounds 

8 The unnary excretion of tyrosyl (hydroxphenyl compounds) was not 
abnormal in the ptero) Iglutamic acid deficient pigs and was not altered by either 
pteroylglutamic acid or liver extract therapy 

5 The urinary excretion of allantoin and uric aad did not dificr significantly 
from the normal Immediately following therapy with pteroylglutamic and, 
however, in association with the reticulocytosis and lasting for the same period, 
there was a marked increase in the excretion of allantoin 

10 The results suggest that both pteroylglutamic acid and a factor in hver 
extract similar to or identical with vitamin Bu arc required for normal hemopoiesis 
in the pig 
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THE USE OF REPLACEMENT TRANSFUSION IN DISEASES OTHER THAN 
HEMOLYTIC DISEASE OF THE NEWBORN 


By M Bessis, M D 
Introduction and History 

E EPLACEMENT transfusion is an operation which comhincs blood Ictung and 
- transfusion at the same time and in the same patient The idea of using this 
technic is very old, it is interesting to recall that the first physiaans who tned 
transfusions in the seventeenth century began by doing replacement transfusions 
EutjrTihronus remarked, It is foolish to transfuse a patient without previous blood 
letting, because this would not reduce the strain on the body 
This operation, although it had a few successes, caused quite a few deaths This 
is easily understood since the transfusions were usually done with animal blood 
After the report of Claude Perrault to the Academy of Science in Pans in 1664, this 
body declared the transfusion a dangerous method In 1675, Parliament passed 
a law prohibiting its use 

Since the discovery of blood groups bj Landsteiner, the use of transfusion has 
increased greatly, but replacement transfusion was almost completely abandoned 
At most, It was used in a few cases of carbon monoxide poisoning, mushroom poi- 
soning, and intensive bums Even in those cases, only one blood letung and a 
transfusion of 500 to 1000 cc was performed The purpose of this article is to discuss 
not replacement transfusion as it was used then, but the replacement of the total 
blood volume of a patient by the blood of many donors and the repcuuon of that 
technic many times in the same patient 
The progressive realization of a complete blood replacement in man was achieved 
in 1946 We had thought for some time that such an operauon would be of great 
value if It was well tolerated by the patient In 1939-1940 we studied with our 
director, A Tzanck, and our associate, M Burstein, a technic for rapid replacement 
transfusion in the dog Wc showed that in that animal the total blood volume 
could be replaced by a mixture of fresh blood of other dogs without any serious 
reaction Wc achieved thus not a simple blood letting followed by transfusion, but 
a true washing out of the organism At the same umc, we attempted similar 
results in man, but did not succeed completely After the war, in 1945-1946, studies 
on the Rh factor and hcmolj tic disease of the newborn gave a new impetus to this 
problem 

It IS known that in hemol) tic disease of the newborn the infant has in his body 
both Rh positive blood cells and anti-Rh serum A few persons thought that the 
most rational treatment w ould be replacement transfusion of the newborn That 
operation was proposed and earned out by Wallerstcin, Wiener, Bessis, and others 
A further advance was realized with the method of Diamond who uses a plastic 

From the Rcscirch Libatitocy of the Nitioaal Center of Blood Trimfosion Pint Frince 
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catheter %\hich is puslicd up to the miin \csscls md nhich enables total replace- 
ments* to be done under ideal conditions 

In spite of the successes of replacement transfusion in the newborn, the same 
operation had not, to our I now ledge, been used in adults until 1947 The recent 
progress in immunolog) following discos cr) of the Rh factor and similar blood 
groups and of the conditions under which a person can have irregular agglutinins, 
led us to attempt such an operation Although there w as a possibility that repeated 
transfusions might cause some reactions of incompatibility due to rare or still un 
I>.nown antigens, the fact that the majoritj of those accidents arc due to Rh or 
similar factors which can be presented b) careful selection of donors justified our 
attempt 

There was also the possibilit) of reactions due to intolerance on the part of the 
recipient or transmitted b) the injected blood, accidents svhosc possible frequency 
IS multiplied b) the number of donors This is the reason svhy our first cx^nences 
sverc performed on a set) limited scale and onl) on patients suffering om m 
curable disease and in a moribund state Little by little, hosvcvcr, ^ 
tempted more complete transfusions Led by an hypothesis which we wi iscus 
later, s\c tried total replacement transfusion in a child suffering from acute 
kemia This operation was successful and proved thereby both the innocuousnc 
of the replacement transfusion and its action in leukemia lArrn 

Our experience, which is based on over 190 replacement transfusionst m c * 
and adults, has confirmed the first proof, because we have had no serious acci 
Moreover, in all these cases the general condition of the patient . 

rapidly improved We shall discuss later the precautions which must be 0 s 
in the choice of blood to be injected, and our results We do ^ *^5. ^n 

the fear which we had before trying the procedure is unjusti e, 

accident is always possible ,nrnts 

The results which we report in this article arc not of equal va uc ny p 

treated m the early period of trial, received only one replacement trans o 

operation was not repeated cither because we did not know then that nf tlic 

ment transfusion was insufficient or because we had difficulty in getting take 

proper group or because of absence of suitable veins As an examp c, trans- 

thc first case of acute anuric nephrius in which we did only one 

fusion and obtained no results It was only with experience that of 

tepeating the replacement transfusion at intervals varying wi t 

the patient became evident and that we obtained consistently go 

f u Kloo<l volume, this is 

’ By total replacement we mean replacement of 85 to 95 per ° (TBit is explained 

done by replacement transfusion of two to three times the paoent s 

more fully in the section on Technic ) u r Icutcnua lipoid nephrosis 

t These mclude, cases of acute anuric nephrius acute leuLemia ni and acute h) pu’ 

gcneralued carcinoma severe icterus myeloma lymphosarcoma acute poly 
tensive nephritis 
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I Technic of Repiacement Transfusion in the Child and in the Adult 

Wc will give here the pnnaple of the method, and those interested in technical 
details may refer to the work of S Buhot The drawing and injection of the blood 
are done at the same time so that the total volume is unchanged In these conditions 
the percentage of the transfused blood in the organism as compared to the quantity 
injected is as follows (after Wiener and Wexlcr) 



PtTUlUci$ 
0f bl9M 


Iratuftued im 

ef blo^ tnjtcltd 

Ike patient s 
organitm 

^ volome of paaent s blood 

39 4 

I volume of paaent s blood 

63 X 

volumes of paaent s blood 

77 7 

X volumes of paaent s blood 

86 5 

xi volumes of paaent s blood 

8 

3 volumes of paaent t blood 

93 0 


The first problem is to find the necessary quantity of blood for the replacement 
transfusion For an adult who has an average blood volume of 5 liters, we need 15 
liters, usually obtained from 30 donors, and these must be of the same ABO and 
Rh groups If we cannot get suffiaent blood of the proper A or B group, we use O 
group blood after neutralizing the ann-A and anti-B agglutinins with Witebsky s 
AB substances 

Wc use fresh blood collected in bottles containing atrate solution Our expen- 
cnce has shown that such transfusions arc well tolerated by the patient and give 
no serious reactions if we give calcium intravenously to prevent tetany caused by 
the fixation of the blood calaum to the sodium citrate Lately wc have modified 
our tcchmc and have used hepann, 2 . mg per kilo of body weight, since the 
clotting time of the patient during the operation is so lowered as to render the 
drawing of blood very difficult 

Wc draw the blood cither from a vein of the elbow on the side opposite to the 
injection or from the femoral vein We use vacuum bottles to obtain a rapid /low 
of blood However, the easiest method is to use a plastic catheter as suggested by 
Diamond for replacement transfusion in the newborn, and to introduce it in a super- 
ficial vein cither after cutdown or through a large bore needle, pushing the tip up 
to one of the larger veins It is then easy to draw the desired amount of blood and 
to inject by the same route The rapid flow of blood in the large veins prevents us 
from withdrawing the blood which wc have just injected The catheter also spares 
the patient the inconvenience of the pressure cuff which is very painful after a time 

Lately wc have simplified the operation b> the use of the elcctncal pump of 
Dausset and Moulinicr which is csscntiall) a plastic pump electrically driven and 
with a reversible acuon One end is connected to the plastic catheter and the other 
to the donor s blood flask and to the used blood receptacle The pump draws the 
blood from the patient at any desired speed, c g , 300 cc in 5 minutes) The flow 
IS then reversed and the pump is used to transfuse the patient with donor s blood 
This operation is repeated until the desired number of liters has been given Only 
ns o persons are needed for the svholc procedure, w hich i icludcs the drawing of the 
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blood from the donors We have thus been able to draw from the patient and to 
transfuse i6 liters of blood in 3 hours The operation lasts from one hour in the 
child to two to four hours in the adult 

The reactions we encountered are of little gravity — chills and urticaria — but 
they are more frequent than with the usual transfusions (30% of the cases) This 
may be due to the fact that our material was not checked for pyrogenic substances 
Sometimes we have seen a temperature nse which lasted one to two days 

n Treatment of Certain Intoxications and Anuric Nephritis bx 
Repeated Repeacembnt Transfusions 

The indication for replacement transfusion is evident m the course of an intoxi- 
cauon when the toxic product is in the blood, for example, in hemolytic disease 
of the newborn where the antibodies and the coated red cells are circulating in the 
scrum Other examples arc cases of severe intoxication due to benzol, potassium 
chlorate, etc But replacement transfusion is also indicated when the toxic product 
IS produced by the organism itself and is found in the blood By this we mean hemo- 
globincmia and other products of hemolysis whatever may be the cause — septi- 
cemia, hemolytic poisons, crush syndrome, and the transfusion rcacuons due 
to incorrect groupmg or typing In all these conditions replacement transfusion 
combats the anemia and, what is more important, replaces the pathological plasma 
with normal plasma, thus preventing or diminishing the secondary renal reacuons 

However, we think that the most important indication for replacement trans- 
fusion is in anunc nephritis * In these cases the kidneys, although they have been 
subjected to a great insult, arc capable of rcgaimng their previous morphologic 
and physiologic status This is supported by the postmortem findings of anatomical 
lesions in various stages of repair Thus we have the impression that if those 
patients could have survived a few days the disease would have tended to end 
favorably In these cases, replacement transfusion, by withdrawing with the 
patient s blood the toxic products contained in it and replacing this blood with 
normal blood, plays the role of climinatory organ and allows the survival during 
the time necessary for the kidneys to regain their normal function We have ob- 
served that replacement transfusions of moderate size (5 liters), repeated every 
second or third dayf withdraw sufficient urea Cx5 Gm from a patient whose urea 
blood level is 500 mg per cent) and other toxic products to enable survival of the 
patient until the return to normal of the kidnc) function The records of the 
patients treated in this manner have already been published We will mention here 
one of the observauons 

• These replacement transfoiions have cvidcnUj* no rciemblancc to the operation described by Carrel 
and Joltrain under the name of washing the blood which consists of withdrawing small quantities 
of the paneni s blood washing the red cells in normal saline and reinjecting the washed blood into the 

paticQt 

t Some persons have quesuoned whether the withdrawal of blood has an) effect on the N urea lesel 
Wc have noted as can be seen by our charts, that the first rtpliccraent transfusion does not change the 
nrca level This is proof that the urea of the tissues has diffused in the normal blood injected After several 

replacement transfusions however, the abnormal nrca of the tissnes is slowly losvcrcd and the blood urea 

Icwl tends to return to normal 
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CASE REPORT* 

A patient 16 j-cars old entered the hospital Fcbniatj 18 194S follossing an intenucnal abortion 
with the clinical findings of a septicemia due to B perfringens sshich ssas confirmed by blood culture 
February ig She ssas treated bs massise doses of penicillin On Febniar) 10 the RBC was i 610 000 per 
cc and her scrum ssas strongl) icteric, as ssas her shin She ssas in marked oligtina A replacement trans 
fusion of 8 liters ssas gis-en and considerabl) improsed her general condition The icterus disapp-arcd in 
tssulsu hours The RBC the next da) ssas g 070 000 The serum ssas of a normal color, the toxic products 
of acute hcmol)sis basing been eliminated There app-ared slight purpura and the patient svas in sesure 
ohguna svith a urea lesel of ajo mg per cent This oliguria persisted for tssxnty two days During that 
time SVC performed fisc replacement transfusions of 4 to liters each, ssithdrawmg each time 15 to a) 
Gm of urea and other toxic products These operations sscrc sscll supported by the patient, and normal 
diuresis svas graduatl) regained The urea IcscI fell slosslj until it ssas normal on April i 


FEonuanr usrch afril 



DAYS 


Flo 3 — Evolution of blood urea (docs i * i Gm ), volume of unnes (thick line i =* i 
elimmatcd per day (fine line i - 10 Gm ) the prinaple observation of anuric nephritis treated by ex 
sangumo transfusion The black columns indicate the area amount drasvn out by successive exsanguino 
transfusions (i = 10 Gm ) (observation made by P V Ravor and M MiUicx and co-workers; 

This observation shows that (i) Replacement transfusion is able to transform 
a person suffenng from uremia from a preagonal to a normal condition in a tew 
hours This operation removes the greater part of the toxic producK o acute 
hemolysis and, if done before the anuria sets in, possibly diminishes the second- 
ary renal complications (3) Repeated massive replacement transfusions can, tor 
a short time, act like the kidneys, thus allowing survival until kidney function is 
regained (^4) The urea concentration in the urine remains very low in spite o 

* Pastenr Vallcry Radot Millicz and colleagues 
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rcnirn to normal of the urea let el of the blood, and this fact, added to the numerous 
obscrtations of patients cured b} diahsis. confirms the opinion that the Iidnc) 
lesions regress ten slottlt On the aterage it takes three months for complete 
recuperation Dr Dausset has treated 6 other cases of anuric nephritis of which 
three had been treated pretiouslt or altematitelt bj intrapcritoneal dial^'sis and 
tterc in a moribund state The 6 cases sunned The data are gitcn in figures 4-5 
A comparatite chart of the effects of the replacement transfusion as compared to 
those of intraperitoneal dial) sis follotts 

Replacement Transfusion Intrapentoncal Dial^'sis 

I Removes all the tone products including the i Rcmo\TS onI> the diah sable tone products 
nondiaI^*sabIc ones such as hemoglobin ra)o- 
globin stroinatas 


Docs not modif} the normal equilibrium of the 
tissue fluids 


3 Docs not cause an} severe reactions 


4 Can be used as often as needed 


5 Is vet) efficient removes a larger qtianti^ of 
toxic products svhich can be calculated before- 
hand 


1 Unless speaal precautions arc taLen normal 
cqu!hbnumisdcstro}Td cither b} addingortaL 
log au*a\ too much clcctrolptcs or adding too 
much water which map lead to cerebral edema 

3 Usually causes pentomus cither of the plasnc 
t}*pc by the formauon of adhesions or, in ccr 
tain cases the infectious type 

4 Possibiljt} of pcritooius prevents its continn 
ons use for more than a few days and fre- 
quently prevents its reuse 

5 Remo\ cs a lesser quantit} which cannot be cal- 
culated beforehand 


6 Paiuless and rapid $ Inconvenient and slow 

III Remissions in Acute Leukemia Treated by Replacement Transfusions 

The principle behind the use of replacement transfusion in leukemia is based on 
the hypothesis that there is an antilcokcmic substance in normal blood This 
hypothesis is based on the good results which have been occasionally noted after 
ordinary transfusions Clinical and hematologic remissions in leukemia after 
transfusion have always been rare, but they can not be denied, as was reported b) 
Dreyfus In addition to those complete remissions, cases of clinical and peripheral 
blood improvement have been frequently reported after transfusion However, no 
one paid much attention to these remissions, and Wmtrobe, in his Cbnical 
Hematology Ct947 edition), says in brief that transfusions in leukemia can be 
used against the anoxemia and the bleeding, and that in one case he had noticed a 
remission of a few months duration, which however could not be repeated He 
goes on to say that in view of the expense and trouble and temporary effect, there 
arc few indications for transfusion m acute leukemia 

^Vc believe that we have proven in the 38 cases which we ha^c treated that, con- 
trary to what has been reported after single transfusions, total or partial remissions 
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(i) In 30 cases, sve v itncsscJ in succeeding da)s a clinial rcmissioa acssr; 
the disappearance of adenopath), liepatosplenomcgala, tcmpKiniit,p_,Ha; 
ing In 15, these clinical remissions were accompanied b) the rctcrntotir! 
the peripheral hlooJ and an amelioration of the marrow, and infuftfs-ca 
was complete clinical, peripheral blood, and marrow remission (3) TLimn: 
lasted in general three wecls to three and one-half months Htrrerr, dx 
patients with complete remission arc still alisc after eleaen montlis,(r nc 
plctc remission, the other in clinical remission The other four compl tsKUEs 
lasted one to three and one half months When a patient relapsed, 4 : cd-ad? 



Tio 5 Sternal puncture of same patient ax jn 6pjrc 8 but after 4 

cxsangiuno transfusions (Ohscrsation made bj Fagan and Angibeaui 
pi iccmcnt transfusion w as less marked, although due todnersertas 


was not full) used in all the patients France 

These results ha\c been duplicated in a few other 1 ^cs 

b)' no means perfect, this technic brings some hope to the e 
a new approach to the problem of acute leukemia 

PossiDLB Indications of Replacement Transfusions 


jltnic-ti 


Research jjJ t’' 

To bring to the attention of other persons interested m ,j 
iscascs the possibilities of this technic, a\e shall examine it ia)Ctoot''| 
ness in (a) withdrawing toxic products from the 
siologtc quantities the important substances which anornu pO” 
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Fio 8 — Stcmal puncture performed on a pauent 


with acute leuLcmia 
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CO In 30 cases, we witnessed in succeeding days a clinical remission consisting of 
the disappearance of adenopathy, hepatosplenomegaly, temperature, pain, bleed- 
ing In 15, these clinical remissions were accompanied by the return to normal of 
the peripheral blood and an amelioration of the marrow, and in 6 of these there 
was complete climcal, peripheral blood, and marrow remission (3) The remission 
lasted in general three weeks to three and one-half months However, 1 of our 
patients with complete remission are still alive after eleven months, one in com- 
plete remission, the other in climcal remission The other four complete remissions 
lasted one to three and one-half months When a patient relapsed, the effect of re- 



Fio 9 — Sternal panccnrc of ramc patient as in 6gurc 8 bat after a senes of frequently rep ated shor 
cxsanguino transfusions (Obsen anon made bj Fagart and Angib-aui Res Hcmat 4 ijqS ) 


placement transfusion was less marked, although due to diverse reasons transfusion 
was not full) used in all the patients 

These results base been duplicated in a few other centers in France Though it is 
b) no means perfect, this technic brings some hope to the leukemics and indicates 
a new approach to the problem of acute leukemia 

W Possible Indications of Replacement Transfusions in Medical 

Research 

To bring to the attenuon of other persons interested in research and blood 
diseases the possibilities of this technic, we shall examine it rapidl) for its useful- 
ness in (a) withdrawing toxic products from the organism, (b) injecting in phy- 
siologic quantities the important substances w hich a normal person has in his blood 
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and which arc lacking in sick persons, (c) studjing the evolution of a disease tn a 
subject whose blood has returned ro normal, (d) realising better a condition of 
parabiosis betas een a patient and a healthy donor 

(a) The replacement transfusions enable the withdranal of to'ctc substances This fact 
is esident sshen the substance is known and can be calculated in the blood As 
we base shown alrcadj , the) arc just as useful when we are dealing with a toxic 
substance which is in the blood and also in the rest of the organism Of course, 
this docs not hold in the eases where the toxins arc fixed irreversibly on tissues 
other than the blood In the ease of di/Tusiblc toxins, by changing the blood of the 
patient we remove a small part of that poison, but as a new state of equilibrium is 
obtained between the poisons in the organism and the fresh blood injected, the 
repeated removal of the blood will enable us to remove completely the toxin from 
the organism It would be ver) interesting to know if other toxins, known or 
theoretic, could be thus withdrawn from the organism, i e , radioactive substances 
or their secondary disintegration products, and thus prevent the medullary aplasia 
which they cause In the same line of thought it could be used against acute benzol 
poisoning 

This technic could also be used to study certain diseases due to as yet unidentified 
auto-antibodics of the scrum, i c , certain hemolytic anemias, certain types ol 
nephritis Just as it can replace renal function, this technic could possibly be used 
to replace the liver function in eases of severe icterus In general we think that it 
could be used successfully in all the reversible pathologic conditions in which the 
main condition for the survival of the patient is that we keep him alive a few days 
until the organism returns to normal 

(b) A total substitution of blood enables us to tnject in physiologic quantities known and 
unknown substances (i) We would like to point out that in many eases where im- 
muno-transfusions have not given the expected results, it has been due to the small 
quantities used and that in certain eases it was theoretically impossible to hope for 
any result On the other hand, we do think thatit would be worthwhile if the total 
blood volume of the patient were replaced by the blood of an immunized donor, 
and if this operation were repeated many times, the patient would receive a large 
quantity of antibodies (2.) In many diseases certain substances are absent from the 
patient s blood and it seems evident that replacement transfusions, especially 1 
repeated, would correct that lack And if the correction of the lack is noted after 
the replacement transfusion, it might provide a clue to identifying the cause of the 
disease 

(c) Replacement transfusion permits us to study the evolution of a disease with a normal 
blood Thus It gives us a means of studying that part of a disease which is ue to its 
action on the tissue cells and that which is due to its modifications of the con 
stituents of the blood or the plasma It also gives us a means to stud) the manner 
and time of evolution of a disease once we have brought back the blood to norma 
For example, in a case of lipoid nephrosis if we bnng the blood back to normal 
with replacement transfusions, we can then watch the same disease picture re 
appear This technic can also be used to study the surtival of red cells, white cells, 
and platelets 

Cd) Replacement transfusions enable us to realize the condition of parabiosis m man 
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Many research groups undoubtedly have had the idea that it would be very in- 
teresting to join the circulation of two persons, one sick and one healthy, in order 
to study the modifications which would be caused in both Such an operauon, how- 
ever, in pracuce is impossible m all diseases in which we arc not absolutely sure 
that they arc nontransmittablc It would be very important to know what would 
happen when a patient suffering from a disease of unknown etiology is put in 
direct circulauon with a healthy person We can use the example of a ease of leu- 
kemia There arc three possibilities (i) both persons would become Icukctmc, 
(i) the leukemic person remains leukemic and the normal person remains normal, 
(3) the leukemic person returns to normal This example would also apply to eases 
of cancer, chronic rheumatism, etc 

As we have already said, such an experiment may be impossible, but repeated 
replacement transfusions enable us, if not to obtain completely the state of a crossed 
circulauon, at least to approximate it very closely Of course, we lose all the re- 
sults on the normal person However, we can get those results that occur in the 
sick patient We could thus find for any disease whether normal blood protects a 
person by hormones, or antibodies, or other substances which it carries, or whether 
in certain diseases it has no role at all 

Summary 

The technic of exchange uansfusion in adults and children is given It differs 
from that in newborns only by the use of arm or leg veins and of a motor driven 
pump to withdraw and inject the blood The use of exchange uansfusion in acute 
toxemia with anuna was uied on the theory that by withdrawing sufficient toxic 
products, the patient could be tided over the acute phase Seven patients were thus 
treated, all with success 

The use of exchange uansfusion in leukemia is based on the theory that normal 
persons have an antileukemic substance in their blood Thirty-eight eases were 
treated with the following results jo clinical remissions, of which 13 also had 
peripheral blood remissions, and of these, 6 had complete clinical peripheral blood 
and mauow remissions The author concludes by poinung out some possible ap- 
plications of this technic 
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NITROGEN MUSTARD THERAPY IN HODGKIN S DISEASE 


Analysis of Fifty Consecutive Cases 

By William Dambshek, M D , Louis Weisfuse, M D , and Tobias Stein, M D 

Introduction 

M ustard gas was first discovered by Ritchie in 1854 and prepared for manu- 
facture by Meyer in 1886 It was first used as a war gas by the Germans at 
Ypres in the spring of 1915 Five hundred deaths and 14,1.76 casualties resulted 
from this initial attack By the end of the war, there was a total of 400,000 casual- 
ties from mustard gas poisoning The clinical course of these victims was described 
by Marshall,* Mandell and Gibson- and others Pappenheimer and Vance,’ War- 
thin and Weller,* Lynch et al ‘ studied the cfl^ects of mustard gas upon expen- 
mental animals Krumbhaar and Krumbhaar® reported upon the hematologic 
complications 

With the advent of World War II, the Chemical Warfare Service of the United 
States Army undertook a systematic study of the mustard gases as potential of- 
fensive agents In 1940, these chemicals were submitted, among others, to Drs 
L Goodman and A Gilman, then at the Yale Medical School, for pharmacologic 
evaluation During the course of their invcsugations they found that following 
the parenteral administration of an aqueous solution of nitrogen mustard in nor- 
mal rats, there developed a marked lymphocytopenia together with some degree 
of anemia and thrombocytopenia Dr Thomas Dougherty of the Yale Department 
of Anatomy studied the effects of the chemical in the spontaneous leukemia and 
lymphosarcoma of rats In a number of cases, a marked reduction in the size of 
abnormal tissues took place 

The possibility then suggested itself that nitrogen mustard might be of some 
value In the treatment of the leukemias and lymphomata of man The first patient, 
a terminal case of lymphosarcoma, was treated at the New Haven Hospital in 
August 1941 with a dramatic regression of involved glands One of us (W D ) was 
requested to examine the cxpenmental and clinical data obtained in these pre- 
liminary studies Further tnal with other pauents seemed desirable and a suppi) 
of the chemical was given to us for this purpose 
After an initial period terminating with the close of the war, nitrogen mustar 
was distributed under the auspices of the Nauonal Research Council to observers 
in vanous parts of the country Such a cooperative program has made possible a 
rapid and thorough clinical evaluation of the nitrogen mustards The historica 
background, as well as the chemical, pharmacologic, toxicologic, and expen- 
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mental aspects have been reMewed bj Gilman and Philips^ and the initial clinical 
results uere described b) Jacobson" and Goodman et al “ Favorable results have 
been reported in Hodgkins disease, Ijmphosarcoma, leukemia, polycythemia 
vera, mjcosis fungoides and Boeck s sarcoid The general results ob- 
tained b) no cooperating ph) sicians are currently being analyzed by Dr David A 
Kamofsky at the Memorial Hospital in New York Tentative detailed analyses 
have already been submitted for review Nitrogen mustard has been found to 
be ineffective in carcinomata (except carcinoma of the lung), Ewing s sarcoma, 
melanosircoma and neuroblastoma The general results obtained have recently 
been summarized 

Our work with HN- was begun in 1941 We were early impressed with its 
favorable effects in Hodgkin s disease and in certain cases of lymphosarcoma, al- 
though our results with leukemia were disappointing, As our studies continued. 
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the often remarkable therapeutic effects of HNj in Hodgkin s disease became more 
and more apparent The present paper deals with a stud) of the effects of the drug 
in our first 50 consecutively treated cases of Hodgkin s disease For the most part, 
these were moderately and far advanced, oftentimes terminal cases, presenting 
constitutional symptoms in addition to their local disease 

Theoretical Considerations 

The chemical formulae of the sulfur and nitrogen mustards are shown in Figure 
I Dichlorocchyl sulfide is the formula for mustard gas The most widcl> used 
nitrogen mustard is methyl bis fB-chloroethyi^ amine, subsequently abbreviate 
as HN2 In tns ^B-chlorocthyl) amine, or HN3, the methyl group is replace ^ 
third chloroethyl group The sulfur mustards arc soluble only in oils whereas t e 
nitrogen mustards arc readily soluble in water 
In aqueous solutions, the nitrogen mustards undergo intramolecular C)C iza 
tion ^ (figure l) Gilman and Philips' have shown that the imino ring possesses 
an unusual reactivity It reacts with a great variety of biologicalh important 
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groups, 1 c , alpha anuno, sulfhydryl, phenolic, carboxyl, imidazole, imino, in- 
organic phosphates, chick pepsin peptodase, choline oxidase, etc In the presence 
of chloride ion, the reaction tends to reverse itself with reformation of the parent 
amine *’ This probably occurs in the extracellular fluids where the concentration 
of chloride ion is high Entrance of the parent amine into the cell where there is 
little, if any, chloride ion to compete with water, results in a rapid transformation 
with intramolecular cj clization and alkylation of labile groups The speed of this 
reaction was demonstrated by Kamofsky ct al By occluding the circulation to 
the femoral bone marrow and the small intestine for periods ranging from 1 to 5 
minutes, these organs were completely protected from the generalized Icukotoxic 
action of the nitrogen mustards 
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The distribution of radioactive sulfur mustard given intravenously to rabbits 
was studied b> Boursnell ct al ” The concentration of sulfur mustard in the plasma 
fell rapidly within a period of four hours while the concentration within the red 
cell laj er remained relatively constant Seven per cent of the injected sulfur mustard 
was excreted into the bile in twenty minutes and 30 per cent was excreted within 
one hour The amount of radioactive sulfur fixed to the bone-marrow appeared to 
be of lesser magnitude than that fixed to other organs However, the quantity per 
gram of total nitrogen was of the same order 

Fnedcnwald and Buschke” studied the effect of the nitrogen mustards upon 
comeal epithelium Cells which were exposed during the active phase of mitosis 
were unaffected by moderate concentrations of the chemical and went on to com- 
plete their division With continued exposure, however, all mitotic figures even- 
tual!) disappeared The resting stage of the mitotic c)clc was the most sensitive 
period Higher concentrations produced fragmentation of nuclei and abnormal 
chromosomal patterns which were transmissablc through succeeding generations 
Vanous histologic effects of the nitrogen mustards in cxpcnmental animals 
tsill be discussed below as related to similar effects noted in cases to be reported 
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Review or the Literature 

The dramatic though short-Jncd effects of the nitrogen mustards in the therapy 
of Hodgkin s disease were noted earlj in the course of dinical investigations with 
the chemical Jacobson' reported the occurrence of remissions in 94 per cent of 
no courses administered to ig cases There were 8 failures, 3 of which were terminal 
and 2. radioresistant One case had a tcmporarj remission of fever for only three 
weeks Four radioresistant cases responded well Remissions lasted up to ten 
months 

Craser" reported 43 cases of Hodgkin s disease treated at the Memorial Hospital 
in New York Constitutional s>mptoms responded favorably Partial regression 
of lymph nodes, liver and spleen followed therap) Pruritus and bone lesions re- 
sponded poorly 

Wintrobc and Hugulej *“ obtained good improvement in 17 and fair improve- 
ment in 5 of 32. treated cases Fever responded dramatically in almost all cases 
Improved well-being and appetite were noted in most cases Remissions lasted 
from one to tvventv-six months The average duration of remissions was three 
months 

Zanes et al '- noted that remissions occurred in three types of patients with 
Hodgkin s disease (i) patients who were radiosensitive or who had had no pre- 
vious therapy, (i) patients with severe constitutional symptomatology, (3) 
radioresistant cases Patients in the last group were occasionally resensitized to 
x-ray after a course of nitrogen mustard Remissions averaged z 8 months in length 

ApThomas and Collumbine” reported zi treated cases All improved following 
their first course Improvement was noted in 12. of 13 cases who received a second 
course, and in x of 4 cases who received a third course of nitrogen mustard The 
response was usuall) more rapid than previously noted with roentgen therapy 
Remissions lasted from two to six months 

Alpert and Peterson” reported 8 previously untreated cases, 6 of whom had com- 
plete or partial remissions lasting three weeks to four months following HNj 
therapy Heightened responses were obtained by the co-administration of x-ray 
therapy 

Talbott'^ obtained no response in x of 10 treated cases of Hodgkin s disease 
Hcttig’® reported excellent remissions in x, a partial remission in i, and slight or 
no remission in 3 of 6 treated cases Wilkinson and Fletcher' ' obtained satisfactor)’^ 
remissions in 3 of 4 previously untreated cases lasting up to 17 weeks Sherrj' 
reported remissions lasting from 44 days to ii months in six cases of Hodgkin s 
disease 

Taffcl'* reported partial remissions in six cases lasting up to six months 
Materjaxs and Methods 

Methyl bis (B chloroethyl) amme* (HN ) was used m the treatment of 50 cates of HodgLio s disease 
at the J H Pratt Diagnostic Hospital Boston Dispensary and West Roxbuty Veterans Hospital The 
diagnosis of Hodgkin s disease was made in almost csc ry instance b> biops) of a suitable enlarged pc 

* Methyl Bis (B chloroethjl) amine was supplied in generous amounts by the Merck Chemical Com 
p3ny through the cooperation of the National Research Council 
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nphcral l)Tnph node In x eases ^vlth intnupmxl invoUement the diagnosis was made in the coune ot 
laraincctomp and exammaaon of exased assne No attempt was made m the analysis of this senes of 
eases to differenuate sharply between vanous types of disease- We rccognne that the growth potcnaalit) 
of Hodgkin s disease, as of all neoplastic disease vanes considerably from case to case and someames 
in the same ease Our results in the most rapidly growing form of the disease known as Hodgkin s 
sarcoma were often as striking as with the least malignant types With stud) of a larger senes of cases 
in the future it may be possible to analyze more accurately the results of treatment m relation to the 
histologic picture In any event the histologic pictnrc of removed nssuc was characteristic of the condi 
non known as Hodgkin s disease and showed the histologic features of reticulum cell hyperplasu in 
creased rcuculum the presence of Recd-Stemberg giant cells and a vanable degree of necrosis cosmo- 
philia and pol>Tnorphonuclcar infiltrauon The cases reported in this paper represent patients 
conseenuvely treated between December 194} and December 1^7 There were X5 males and xi females 
Fifteen of the 15 males were treated at the West Roxbnry Veterans Hospital The ages of the panents 
ranged from 19 to 6x years with a majority of cases below the age of 35 Iniually the admmistrauon of 
nitrogen mustard was restneted to radioresistant or terminal c asc< In 1946-1947 however its use was 
extended to a few radioscnsiuvc and previously nntreated cases 

The chemical was packaged in xo cc ampules each containing 10 mg Initially this was dissolved in 
lo cc of saline and the required dose injected dirccti) into the vein Because of the frequent occurrence 


Table i — ImrmJ/art R/oatans D»j(s of HNj 



per cent 

Nausea and vominng 

93 

ChUls 

11 4 

Fc\cr 

6 8 

Headache 

I 7 

Thrombosis 

I 0 

Cyanosis 

0 7 

Dyspnea 

0 7 

Diarrhea 

0 3 

No reaction 

6 8 


of ^'CDOus thromboses 1 1 became our pracucc carl) to inject the material into the rubber tubing of a freely 
flowing saline infusion A course of therapy consisted of four to six mjections of nitrogen mustard ad 
ministered on succcssnc or alternate da)$ An initial dose of 4 to 5 mg was given on the first day If 
this amount was well tolerated succeeding doses were increased m 1 mg amounts 

On each visit the presenting symptoms were recorded the paaent examined and the blood counts 
obtained These nsuxll) included white blood coonts hemoglobin and reticulocyte levels platelet counts 
and a differential count of the white cell cells Hemoglobm determinations were made with the Ccnco 
hcmoglobinomctcr Rcuculocytc and platelet counts were performed by the method of Dameshek ^ Stcr 
nal bone-marrow punctures were performed prior to thcrap) m most eases and whenever possible at 
vanous intervals following HNj admimscrauon The spinous process was often nalized for marrow as 
pirations in cases studied senally Scnal lymph node aspiranons were performed whenever feasible 

Results 

Immcdtan Reactions 

Table I lists the immediate rcacuons following the use of 189 doses of HNj 
Nausea and vomiting occurred in 93 2. per cent of all cases This usually began one 
to three hours after the injccuon and lasted for two to four hours The cause of 
the nausea and \ omiting has not been cluadated It has been attributed to central 
medullary stimulation and to hemorrhage and necrosis of the gascromtestma 




DAMESHEK, ^%EISFUS^ AND STEIN 


343 


tract The marked excretion of the chemical into the bi]c’° and subsequently into 
the second portion of the duodenum ma) , by causing irritation, be an important 
factor in the regularitj of the occurrence of nausea and vomiting However, Kar- 
nofsk}' * et al found that the gastrointestinal lesions occurred even when the bile 
duct t\as clamped 

There were no reactions in 6 8 per cent of cases Four of this group responded 
well making it unlikel) that the injected material was inactive Various attempts 
were made to reduce the severity of the nausea and vomiting by the co-administra- 
tion of p)rido\ine, morphine and barbiturates* Pyndoxine was discontinued 
because of its possible inactivation b} nitrogen mustard ^ Barbiturates had little 
value Morphine appeared to alia) much of the apprehension incident to the set ere 
nausea and vomiting It has been our practice to administer one-cighth grain of 
morphine sulphate subcutaneously in all hospital cases just before HNj adminis- 
tration Shaking chills were observed in ix 4 per cent of cases These usually oc- 
curred one-half to one hour after HN- administration and prior to the onset of 
nausea and vomiting Chills recurred with successive doses in 7 cases Morphine 
tended to diminish such recurrences Fever cither followed the chills or occurred 
independently in 6 8 per cent of cases The exact cause for the pyrogenic reactions 
IS unclear In rabbits, Boursncl, ct al ” demonstrated an alteration of scrum pro- 
teins by mustard gas These proteins possess different immunologic properties 
The presence of such foreign proteins may be ctiologic in the occurrence of chills 
and fever 

Headache was a prominent complaint in two patients who had developed a 
stnking aversion to nitrogen mustard Dyspnea and cyanosis occurred rarely and 
generally responded well to sedation 

When HNj was injected directly into the vein, thrombosis occurred commonly 
The incidence of thrombosis disappeared almost completely with the adminis- 
tration of the chemical into the rubber tubing of a rapidly flowing infusion Two 
patients who received tris (B-chlorocthj 1) amine developed thromboses of all 
injected veins, even when the material was injected into the rubber tubing 

In 4 cases, HNj was administered prophylactically in the form of weekl) and 
biweeklv injections in the attempt to maintain a remission induced by a course of 
medication The reactions were of such seventy that this form of therapy had to 
be discontinued The same patients, when treated during an active phase of their 
disease had much milder reactions ft is possible that the actively proliferating 
glanulomatous tissue present in relapse may selectively absorb the nitrogen mus- 
tard During periods of remissions, however, large quantities of unabsorbed 
chemical may be available for the production of side reactions 

Typt and Duration of Kesponse 

Dunng the first three years of these studies onlj terminal or radioresistant cases 
were subjected to therapeutic trial The results in this group arc not as fai orable 

•More recent!) 1 solurion of procjrne has been grten rntratcnousU immcdiarch following HN 

administrttion 
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as those obtained in less advanced cases treated during the past year For purposes 
of anah sis, all eases arc however grouped together 
Figure 3 shows the type of rcspionsc obtained in the first fifty cases of Hodgkin s 
disease created with loz courses of HNi In 75 4 per cent a complete or partial 
response to therapy occurred In 10 6 per cent, there was no response 
The duration of the response ranged from 17 to 331 da)s* (figure 4) Remissions 
lasung less than fifty daj s were noted in 41 7 per cent, 35 t per cent developed good 
responses lasting from 50 to 331 days 



TTPE OF RtSPONSt 


Fig 3 — Titi or Respon-se Obtained Followino loi Coobsh of HNj in 50 Cases of Hodoign s Disease 

Twent} -three patients received a single course of HNj, ii patients received x 
courses, 9, 3 courses, 4, 4 courses, x, 5 courses, and i, 8 courses of HN. The general 
results obtained with successive courses of HNi arc roughly comparable to the 
composite results for all courses, with the same proportion of successes and failures 
The duration of the response obtained in sixteen patients who received multiple 
courses with varying dosage schedules was approximately proporrional to the total 
dose administered 

Thirty -one patients in this senes were regarded as having become resistant to 
x-ray therapy and in 13 of these, all of whom appeared to be running a progres- 
siveh downhill course, good remissions following therapy were obtained Some 
of the most spectacular results were seen in cases that were virtually moribund on 

* The rcsnltj as reported m this paper are based on findings ending December 15 1547 


DAMESHEK, \\ EISFUSE AND STEIN 


345 


admission (ciscs i, 2.3 and z 8 ) There can be no doubt that many patients of this 
group have had a moderate prolongation of their life span, as well as a more com- 
fortable existence after having become completely resistant to further x-ray 
therap) Nitrogen mustard was particularly useful in 5 eases with severe x-ray 
dermatitis 

Nine patients failed to show an) response following the initial and subsequent 
courses of nitrogen mustard therapy 

In 7 patients, roentgen therapy was given )ust before the administration of 
nitrogen mustard In 4 of this group (cases 10, 11, 18 and 40), there was dehnitc 
prolongation of the length of the remission In 8 cases, x-rav therapy was given 
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Flo 4 ^DuiATION OF ReSTONJBS FolLOWINO 51 CoO»SE5 OF HNj IN JO CaJE5 OF HODODN S DISEASE 

following the administration of nitrogen mustard In 3 of these eases residual 
lymphoid organs regressed with unusual rapidity when x-ray therapy was given 
Four cases received HN2 as their sole initial therapy The remissions lasted from 
36 to no days in 3 cases Case g received three courses of nitrogen mustard which 
resulted in parnal remissions lasting 36, 30 and 51 days respectively The latter 
course had been combined with roentgen therapy Case 49, who developed a severe 
hemorrhagic complication due to thrombocytopenia has nevertheless ha an 
excellent remission which had continued to the time of this writing 
Case 31, received combined HNj-reontgen therapy following which he had a 
complete remission lasting no days 

The number of patients given HNs as the first therapeutic procedure is too 
to permit staastical evaluation It appears, however, that the remissions obtained 
are of much shorter duration than is usually the case following roentgen thcrapi 
Similar results were reported by Alpert and Peterson The rcmissi^s app-ar to 
be definitely longer if combined HN« and x-ray therapy is administered 
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Effects of Nftrogek Mustard Therapy on Cunicai, Manefestations 

Systemic Mamfestatsons 

A majority of the patients in this senes had the charactcnstic constitutional 
symptomatology of severe, long standing Hodgkin s disease, i e , malaise, ease 


Tablb 1- — Rtsptnjt of Signs ansi Symptoms Foliotomg HNs Tbtrapy (j o casts of Hedgktn s Dtstast') 


Sigii5 asd Syaptoma 

Number of 
AdminiSr 
trations 

PerccotAfie 

Coznpletcfy 

Relieved 

PerceoUge 

Partially 

relieved 

Percestafe 

Unrelieved 

Aa Cinstttutfngl symptoms 





FaagabiUty 

74 

59 s 

11 9 

17 6 

Anorexia 

61 

77 4 

9 7 

11 9 

Fever 

46 

58 7 

4 3 

37 0 

Sweats 


84 0 


16 0 

Pmntus 

15 

40 0 

33 3 

16 7 

Chills 

5 

So 0 

lo 0 

B Lympbetd tnv»lvtmtm 




Adenopathy 

84 

38 1 

3 x I 

XQ 8 

Splenomegaly 

46 

39 1 

31 6 

18 3 

Edema 

14 

M 3 

50 0 

35 7 

Gastro-intesanil complaints 

6 

83 3 

16 7 

C hUdiMSttnal tnvlumnt 




X ray changes 

51 

19 0 

38 7 

31 3 

Cough 

10 

30 0 

xo 0 

50 0 

Dyspnea 

17 

17 6 

35 3 

47 1 

Hoarseness 

7 


100 0 

Dysphagia 

5 



100 0 

Superior vena caval syndrome 

D Hspatsc tKvolvantnt 

1 

100 0 



Hepatomegaly 

30 

i6 6 

10 0 

83 4 

Jaundice 

4 

50 0 


30 0 

Asates 

3 


6« 6 

33 4 

E. NttsnloiK tnvolptmtnt 





1 Ifstraspsnsl 





Paraplegia 

4 


50 0 

0 

0 

v■^ 

Back pain 

7 

71 4 

18 6 


Pinconancnce 

3 


33 3 

66 7 

a. Ptrspbtral 




Paraiysif upper extremity 

3 



100 0 

Pain — back 

9 

100 0 



■—shoulder 

4 

15 0 

15 0 

50 0 

Horner s syndrome 

II 

9 r 

9 J 

81 8 

F OsjtffMs tnvolvtmtns 

11 

1 


100 0 


of fatigability, anorexia, fever, nightsvireats, pruritus and chills Fatigability 
and anorexia were rehcved (completely or partially) in 8x 4 and 87 i per cent of 
cases respccuvcly (table a ) 

Following a course of mtrogen mustard therapy and after the immediate reac- 
tion had subsided, there usually occurred a marked upsurge in vitality and wcU- 
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being Tliosc patients who had previously received roentgen therapy usually 
commented upon the greater subjective improvement which followed the adminis- 
tration of nitrogen mustard 

Se\cn patients %\ere treated with nitrogen mustard shortly after the recogni- 
tion of their disease In i cases (xi and 40) this was administered after a partially 
effective or ineffectual course of roentgen thcrap} Single courses of HNi resulted 
in excellent remissions lasting respectively 331 and 169 days and continuing to 
the time of this writing Case 2.1 illustrates a striking response in constitutional 
symptoms and a prolonged remission 

CASE II Cfioure 5) 

P D C a 36 jear old white male began to notice easy fatigability weakness and marked weight 
loss in 1944 In January 1946 weakness and fatigability became much more pronounced In September 
1946 he svas found to hate continuous feser A gnawing sensation in the mid abdomen was relieved by 
food and medication He was admitted in October 1946 to the West Roxbury Veterans Hospital 

Phjncal Exarrwatitn Temperature 99 4 F The patient was a well developed rather well nourished 
white male His voice was hoarse The eyes were slightly protuberant The right lobe of the thyroid was 
more readily palpable than the left The chest was clear and resonant throughout A grade n systolic 
murmur was heard just to the left of the sternum and in the fourth interspace The heart was otherwise 
negative The liver and aplecn were not felt There were bean sized axillary (nght) lymph nodes 

LMtoratny Data Blood counts leukocytes 18 800 erythrocytes 3 600 coo hemoglobin ii i Gm 
differential polymorphonuclear neutrophilcs 80 per cent monocytes 5 per cent lymphocytes 15 per 
cent The urine was negative Blood sedimentation rate was 53 mm per hour, Mazzini test was negative 
Sputum was negative for tubercle bacilli Basal metabolic rate was plus 34 5 per cent A roentgenogram 
of the chest showed evidence of mediasnnal lymphadenopathy Biopsy of an enlarged axillary node re 
vealed the presence of Hodgkin s granuloma 

Cmrit The patient ran a febnie course with temperature elevations up to 101 4 F Beginning October 
31 1546 the patient was given 18 roentgen treatments over the anterior and posterior chest and to the 
tight axilla However he continued to run a low grade fever and to lose weight Several right axillary 
nodes were still palpable Repeat roentgenograms of the chest showed a complete reduction in the sire 
of the nght upper mediastmal mass A flat plate of the abdomen at this time revealed an enlarged spleen 
extending down to about two inches above the iliac crest On January 4 1947 * course of nitrogen mus 
card therapy was begun consisting of 4 5 6 and 7 mg doses administered on successive days Nausea 
and vomiting occurred two hours after each admmistnition and lasted from one half hour to three hours 
The fever subsided promptly Shortly after the nitrogen mustard therapy there followed a reduction in 
the white blood count from 18 000 to 6600 

The patient developed a marked improvement in his appetite and gained about 60 pounds in weight 
He had a remarkable upsurge in strength and sense of well being Lymphadenopathy disappeared entirely 
and the spleen regressed completely He was then observed at regular intervals in the outpatient depart 
ment and continued in an excellent state of remission to the time of writing almost a year later 

Ftver, winch was a presenting complaint in 30 cases, was completely relieved in 
38 7 pet cent following HNj treatment (figure 6) HNj appeared to be less effective 

13 terminal patients who showed the typical Pel-Ebstein type of telapsing fever 
Two of these cases had responded well to a previous course of therapy Cases 19 
and had associated infections, 1 e , a chronically draining bronchopleural fistula, 
and an ascending urinary tract infection respectively The infections were not af- 
fected by the HNi treatment 

Severe m^ht stveats were relieved in 84 per cent of cases Of 4 cases, in which night 
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sweats did not respond to HNj therapy, 3 were terminal, and ease 19 noted above 
had a chrome infectious process 

Frurttus was present in 10 cases pnor to mtrogen mustard therapy Improvement 
followed in 73 3 per cent The pruritus was of such intensity in case 38 that the 
patient forcefully removed all toenails and produced deep exconations of the skin 
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Flo 5 — Eftect* op HNi in Patient (Case xi) who Had Devexipbd Resiptance to X eat Thbeapt 
The coQSUtntionEl lYmpionu fever mediascmal tdeoopachy genertlircd lymphEdenopathy, and 
splenomegaly were promptly relieved following HNj therapy 


Roentgen therapy could no longer be administered because of severe x-rav dermati- 
us Considerable rchef and healing of the excoriations followed each of two courses 
Four tenmnal cases showed no response 
Chills were present in 5 patients, 4 of whom responded well to therapy In one 
case there was a progressively downhill course 


Lymfbotd Involvanint 

Lymphadmofatby Regression of enlarged glands occurred in 70 a per cent of the 
cases In a few patients this was noted as early as twelve hours after the injection 
of the first dose of mtrogen mustard Rarely, slight imtial enlargement preceded 
subsequent regression of glands Twenty-eight of the 44 paaents with lympha- 
denopathy were referred to us for nitrogen mustard therapy because of their radio- 
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nl H ^ ^ response 

^e follouing case is described in detail to illustrate the response obtained ,„ a 

patient tMth a fluctuant supraclaticuhr mass and a superimposed severe radio- 




A « hue female noted the onset of left supraclisicular adenopathy in December 

945 A biopsy talen in March 1946 resealed the presence of HodgLin « disease Roentgen therapy was 




Fio 6 — Ettect op HNj in Rbductno Fever in 3 Cases or Severe Hodokin s Disease 


3 nurustcred to the left lupraclaviculzr axillary and mediastinal areas uith gradual improvement 
^cnopathy recurred on October 1546 and conunued to increase despite intensive roentgen thcrapj 
c left xupradavicular mass became fluctuant and soon broke through the superimposed skin which 
showed evidence of a severe radiodermaans The roentgenologist referred her for nitrogen musurd 
therapy m May 1547 

ExamtTj0tien The patient showed pallor She presented a large hard but supcrflcially fluctuant 
ct supraclavicular mass 11 cm m diameter supenmpo^ by a deeply pigmented area of skm (fig 7a) 
ere was a number of smaller cervical right supraclavicular and left axillarj glands The spleen and 
liver were not enlarged 

^^*rMtcry Data Blood counts Leukocytes locjjo ciychrocj tes 3630000 hemoglobin iioGm 
reticulocytes o 9 per cent, platelets 785,500 differential count pol^-morphonuclcar ncutrophilcs 57 
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per cent, bind forms 17 per cent monoc)tc* 8 per cent lymphocytes, 13 per cent Bone nuirrow dif 
fcrcntial polymorphonuclear neutrophils, xy 6 per cent band forms 14 x per cent, metamyelocytes, 15 ^ 
percent, m)eloc>tcs 15 8 per cent, promyelocytes ix per cent myeloblasts, o 5 per cent rcticulam cells 
ox per cent plasma cells x o per cent mcgaLatyocytcs plentiful erythrocyte granulocyte ratio 17 
The unne was negati\c The Hinton test was negauve The blood sedimenution rate s^as yx mm per 
hour Roentgenograms of the chest showed left supraclavicular and mediastinal masses 

Course The left supraclawcular mass was inascd and drained The paacot was then started on a course 
of HN consisting of 5, 5 6, 7 and 8 mg admioistered on succcssis-c days Each dose svas followed by 
rather sc%erc nausea and ^om^ang The wound healed rapidly and ail glandular adenopathj subsided 
completely leasing only a small area of indorauon m the left supraclavicular region (fig 7b) A r epe a t 
roentgenogram of the chest showed reduction in the size of the mediastinal and supraclavicular masses 
The remission lasted approximately three months when supraclavicular and axillary adenopathy recurred 
The panent received a second course of HN consisting of 5 6 7 and 8 mg admimstcrcd on alternate 
j^ys There was again regression of all the glands 

Eight eases failed to show any regression of lyonph nodes following HNj therapy 
Case 5 had had two previously successful remissions following HNj and lasting 
74 and 56 days respectively Four patients showed no response to the initial course 
of the therapy 

Three patients with HNj resistant glandular enlargements respondeJ unusualh 
well to roentgen thcrap) given shortly after administration of one course of HN 
therapy Case 9 is described in detail, and ease 14, is presented briefly 

CASE 9 

V K a xy year old white female was first seen in September 1946 She presented a six month history 
of anorexia weakness faugability weightless fe\cf and cervical adenopathy Biopsy of an enlarged 
gland revealed Hodgkin s disease probably of the sarcoma type 

Physical Exsmmtttcn The pauenc showed moderate pallor and marked weight loss She had a nghc 
Horner s syndrome There v.as generalized adenopathy Supracardiac dullness was 8 ems m diameter 
The spleen was three finger s breadth below the left cosul margin 

Luboratery Data Leukocytes 10 800 crythro<^*tc$ 3 810 000 bcmoglobm 7 6 Gra reticulocytes o 5 
per cent platelets 663 940 differential polymorphonuclear ncutrophilcs 79 per cent band forms, 10 
per cent monocytes 4 per cent lymphocytes, 7 per cent Bone marrow differential polymorphonuclear 
ncutrophilcs xi 5 per cent band forms 19 5 per cent mctamyclocj'tcs xi o per cent myelocytes 10 5 
per cent promyelocytes o 5 per cent mycloblasu o 5 per cent plasma cells o 3 per cent rcuculum 
ccUi o 3 per cent reciculura cells x.o per cent megakaryocytes plentiful, crythrocyre granulocj'tc 
ratio 1/3 

The urine w as negative The Hinton test w as negative Roentgenograms of the chest showed marked 
mediastinal svidcning (fig 8a) 

Course The patient received 4 mg of HN on September 15 1946 Three-quarters of an hour later she 
became moderately dyspncic and cyanotic This responded gradually to sedation She received two addi 
tional doses consisting of 4 and 6 mg on September X9 and 30 rcspccnscly These wrcrc follosvcd by the 
usual reactions of nausea and vomiting A roentgenogram of the chest taken fi\c days after the complc- 
non of nitrogen mustard therapy showed marked regression of the mediastinal mass Further rcducuon 
was noted seven days later (fig 8b) There was complete regression of all pcnphcral glands 

The patient had a remission which lasted 36 days Following this she developed rccurrcoc cervical 
adenopathy A second course of HN consisting of 4 5 5 6 and 6 mg svas administered on alternate 
days beginning November 4 1946 Enlarged glands regressed completely Thirt) three days later the 
patient noted the onset of anorexia weight loss left cervical and bilateral axillary glands and a walnut 
sized parasternal mass in the second interspace on the nght The spleen descended one finger s hreeffth 
below the left costal margin A third course of HN consisnng of 4 5 6 and 7 mg w'as administered 00 
alternate days beginning January 6 1946 A chill followed the second third and founh doses ^vl m 
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one half thrcc-<juartcr$ and two hours respectnelj The usual reactions of nausea and somiting fol 
lowed each dose The patient had a marked upsurge in svell being and gained five pounds in weight 
Glandular adenopathies regressed approximately ay per cent Roentgen therapy- was then administered 
to the parasternal and left supraclasicular areas (tioo r each) Rapid resolution of residual glands oc 
curred This remission lasted sixty -one days Further nitrogen mustard ssas refused 

CASE 14 

This patient a long standing example of Hodgl in s disease ssith the presenting complaint of severe 
consttpauon shonedavery large mass in theleftlowcr quadrant of the abdomen dipping into the pelvis 
A course of nitrogen musurd therapy was completely- ineffectual Roentgen therapy- was then gisen to 
both the left lower quidrinc ( 6 ao r) and the nghc lower quadrant (400 r) and tvas followed by- rapid 
resolution of the pclsic masses and a dramatic relief of constipation 

Splenomegaly Scvcnty-one and seven-tenths per cent of chc cases with spleno- 
megaly showed complete or partial regression of the enlarged spleen following HNj 
therapy This corresponds roughly to the results obtained with lymphadcnopa- 
thics The striking affinity of nitrogen mustard for the vanous lymphoid organs 
was noted by Pappcnhcimcr and Vance’ and by Graef et al Atrophy of lymph 
nodes, spleen and thymus has been demonstrated in normal mice, rats, rabbits, dogs, 
chickens and pigeons following the administration of nitrogen mustard 

Edema Edema due to pressure by enlarged lymph nodes or to lymphatic ob- 
struction was present in iz cases pnor to the initiation of nitrogen mustard therapy 
Two patients had edema of the lateral half of the breast, secondary to enlarged 
axillary modes Case iz presented an orange-sized right axillary mass with 
edema of the lateral half of the nght breast A partial response followed the ad- 
mimstration of z6 mg of HNi Roentgen therapy then brought about rapid and 
complete regression of the axillary glands as well as edema Case z had very large 
axillary masses and edema of both breasts A partial remission lastmg one month 
Was induced by the first course of nitrogen mustard Two subsequent courses, how- 
ever, were without effect 

Gross edema of the lower extremities was present in four patients 


CASE 30 

M' / P , a 44 j-ear old white male was first seen in March 1947 Six jears previously he had noted the 
presence of a large mass in the left inguinal region A biopsy revealed Hodgkin $ disease. Intensive roent- 
gen therapy induced a complete regression Further roentgen therapy svas administered as n wi 
recurrent glandular adenopathies Inaeasing radiotcsistance svas noted Six months pnor to admission 
the ptienc developed massive edema of the left loww extremity extending to the lumbar area Roent^ 
therapy was imnally effective in reducing the edema Three months pnor to admission the^nent de 
velopol extreme edema of the nght lower extremity and scrotum Roentgen therapy w^ intfectnal 
Pheioil The pacieot had massive edema amountmg to elephantiasis of both ^wer ex- 

tremities and the scrotum Then: was an x ray dermatitis of the left mgnmal gluteal and lumbar^ 

The liver was felt four fingers breadth below thenghtcostal margin and the spleen threefingers breadth 

below the left coscil jnarein , , , » i 

The patient received three daily injecaon, of HN, Withm ten d^yz r^cedetn^ had completdy 
subsided The patient remained weU for three weeks when he suddenly developed a severe p^ in 

left groin radianng to the hip and small of back The edema of the left lower extremty rec^ 

days later, the pauent had a sudden massive gastrointestinal hemorrhage He rapidly lapsed into shock 
wd died twchc hours later 
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Pastm^rtcm At autops) there was a fistaloas cornmnoication bcnvxen the pJ\is th* rctrop*ntoneaI 
lymph ncxlcs and rectosigmoid The descending colon conumed much freshly coagulat-^i blood Both 
m et er s were compressed by a large retroperitoneal mass prodncing bilateral hydroorctcri and hydro- 
nephroses There were large nodes in both ingmnal regions with compression of the femoral artery and 
vein on the left 

In another patient (Case 13), massive ascites and marked edema of both lower 
extremities was present The energetic use of paracentesis, transfusions, plasma, 
albumin and HNj therapy brought about a marked reduction of the edema and 
ascites and a well-defined remission 

Edema of the upper extremities was present in a cases Case 8, with scar tissue 
in the left supraclavicular and axillary nodes, was treated with HN i which brought 
about an approximately 30 per cent reduction in the edema Two subsequent courses 
were however, completely ineffectual 

Three pauents had edema suggesting superior vena caval obstruction These will 
be discussed below, under mediastinal involvement 

As noted above, edema may be due to lymphatic or venous obstruction, pressure 
from enlarged glands, or by scar tissue When due to enlarged glands, nitrogen 
mustard was found to be moderately effective When due to scar tissue little or 
no effect was obtained It is probable that HNj is far less productive of scar assue 
than is roentgen therapy 


Mcd:astwal Involvtmtnt 

’Roentgen Changes X-rays of the chest were performed routinely in all cases 
Twenty-one cases showed radiologic evidence of pulmonary or mediastinal mvolve- 
ment In 7, there was no associated symptomatology The response of such asymp- 
tomatic mediastmal adenopathy to nitrogen mustard therapy is shown in figure 8 

Twelve patients had symptoms referable to their pulmonary pathology, 1 c , 
cough, dyspnea, hoarseness and dysphagia This group usually had extensive medi- 
asanal involvement Eleven cases had been previously declared radioresistant The 
response to the HNi therapy was only moderately effective in this group The 
following case illustrates a partial response to HNj therapy and a better response 
to combined HNi and roentgen therapy 

CASE 15 (fioure 9) 

K D , » 37 yc»r old white housewife w»s the first seen on February 3, 1947 Five and one half years 
ago she noted the onset of nght cervical adenopathy and upon rocntgenographic examinaaon of the 
chest was shown to have a mediasanal mass A biopsy revealed the presence of Hodglan s disease Roent 
gen therapy was then admimstered to the cervical and mediastinal areas with prompt improvement. 
During the following three years the patient received five courses of roentgen therapy each of which 
induced a short remission In March 1947 an episode of severe cough chills fever (103 F) dyspnea and 
fangability develop-d 

Fi^suml ExMmtrtMtiffJu The patient had a marked radio-dennauus over the anterior and posterior chest. 
No adenopathy could be made out Supracardiac dullness was 17 cm in diameter Bronchial breath sounds 
were present over the left apex The hver and spleen were not palpable 

Lahrrstciy Dttt Blood counts leukocytes 8 500 erythrocytes 4 170 000 hemoglobin 11.1 Gm 
reticulocytes i 6 per cent platelets 638 880 differenoal pnlymorphonndear neutrophiles 65 per ccat, 
band forms ii per cent eonisophiles 1 per cent basophilcs i per cent monocytes 6 per cent lymp o- 
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14 per cent The unne negative The Hinton fcit was negative Roentgenograms of the chest 
showed cxtcnsiv*c anterior mediastinal enlargement C^tg 9) and bilateral inhltration of the lung 
Ccurie The patient was started on a course of HN consisting of ^ 5, 6, and 7 mg adrainistcfcd on 
alternate da) s beginning Februar} 3,19^7 Shaking chills occurred two hours after the first second and 
fourth injections The usual reactions of nausea and v omiting followed The patient cxpencnccd a marked 
reduction of cough and d)spnca as well as a striking improvement in vitality The remission lasted for 
about three weeks w hen in March 1947 she bad another episode of fev cr C104 F) cough and dyspnea A 
similar episode occurred one month later A roentgenogram of the chest revealed a large mediastinal 
mass occup)TDg almost the entire upper chest. A second course of HNj was instituted on April 10 1947 
and consisted of daily injections of 6 6 6 7 and 8 mg The usual reactions of nausea and vomiting oc 
curred The fever subsided gradual!) Roentgen therap) to the mediastinum 10 a toul dosage of 1100 



rwjj then given A marked improvement again occurred with considerable relief of cough dyspnea and 

fatiguabihty Roentgenograms of the chest showed marked regression m the size of the mediastinal mass 
A third coarse of HN» was instituted on September 30, 1947 and consisted of daily injections ol ^ 6 7 
“■i 8 mg Roentgen therapy was also given through axillary portals 450 r to the right axilla and 515 
r to the left axilla The patient showed an improvement in well bemg but no farther change in the sire of 
the mediastinal mass was noted 

There can be no question that combined HNj and x-ray therapy was productne 
•n this patient of more prolonged and effective remissions than HN. alone 4 
symptomatic response occurred following the third course although no further 
rocntgenographic change could be noted 

Cough was a presenting symptom in 13 eases Complete or partial im- 
provement followed nitrogen mustard therapy in 50 per cent of the eases In the 
other half, no response occurred and the patients ran a progressive!} downhill 

course 

Djspnea Dyspnea was notable in 15 cases prior to therap; Cases i8, 41, and 43 
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showed no mediastinal involvement but had extensive and generalized involve- 
ment with Hodgkin s disease Case X3 had massive ascites Cases xx and 50 had 
a massive hydrothorax as well as asates The results obtained within this group 
were generally unsatisfactory (table x) 

Hoarseness and Djsphagta All eases displaying these symptoms represented far 
advanced radioresistant cases No improvement was noted following HN2 therapy 
Superior Vena Cava Syndrome Two patients showed signs of superior vena cava 
obstruction Case 11 developed puffiness of the eyelids, suffusion of the conjunc- 
tivac, and swelling of the cheek during his course of HN# This gradually sub- 
sided as did the hilar adenopathy Case 1 is described in detail (previously re- 
ported) * 

CASE 1 

L W a 33 year old housewife was first seen iq 1941 b cause of axillary adenopathy Her father had 
4 icd of Hodglan s disease and her mother of pol)rcythemia vera A biopsy revealed the presence of 
Hodglan s disease In rapid succession nodes app^cd in the axillae nech and mediasnnum Roentgen 
ther a p y wai given with excellent results initially subsequent rcsulu %vcrc poor In the summer of 1542^ 
dyspnea and cough developed and a thoracentesis was required for the pleural effusion Complete motor 
and sensory paralysis of the right arm appeared in the spnng of 1^3 and the limb gradually increased 
threefold in siac Cough weakness and dyspnea became worse Lymph node masses increased and m the 
fall of 1943 the paacot was bed ridden and failed to respond to further x ray treatment 

PhjstcMl ExmnuuUfru The patient was extremely ill and very cyanoac with a shallow dry cough and 
gasping rcspirauons The face and neck were greatly swollen and distorted and there w« pittmg edema 
over the upper thorax The breasts \vcrc large and edematous The nght arm was greatly swollen and 
completely paralyted The left side of the neck bulged %vith a hard irregular mass extending into the 
supraclavicular fossa. Both axillae were occupied by hard irregular masses of nodes extending on the 
nght side to the lower chest The p rcussion note was dull to flat over both thoraces and the breath 
sounds were diminished There was no enlargement of the spleen or liver and no inguinal adenopathy 
The tempoature ranged from 9S to 10} F and the pulse from 100 to 140 per minute 

Lah^afery DatM Blood counts leukocytes 8500 erythrocytes 3 910 000, hemoglobin 86 per cent 
differential polymorphonuclear ncutrophilcs 73 per cent cosinophilcs ii per cent monocytes 13 
cent, lymphocytes 3 per cent The Hinton test was negative The unne ^vas negative The blood scdi 
mentation rate was 40 mm per hour Roentgen cxaminanon disclosed no mediastinal mass but deaded 
infiltration of the lower two-thirds of both lung fields was present 

Cewst On December 7 1943 the patient was started on a course of tns (B chlorocthyl) amine adminis 
tered on alternate days for four doses (o i mg per kilogram of body weight) This was injected by the 
direct syringe method Improvement started after the second dose and continued o\cr a period of two 
weeks The patient felt much better the fever and cyanosis disappeared the dyspnea being improved and 
cough improved The lymph node masses shrank 60 to 70 per cent the breasts became smaller the dis- 
figuring edema of the face and neck receded entirely and the hugely swollen arm returned almost to nor 
mal size Roentgenograms of the chest revealed do change in pulmonary infilcrauon 

The draraaac therapeutic remission persisted four weeks when it was interrupted by a sudden severe 
attack of pulmonary edema which quickly resulted m death Postmortem exammauon was not obtained 

The results obtained in eases with extensive mcdiasunal involvement were on 
the whole not as satisfactory as those obtained with lesser degrees of mcdiasunal 
involvement However, a more comfortable existence as well as a moderate pro- 
longaaon of life was achieved with nitrogen mustard therapy In pauents who 
had been previously subjected to intensive roentgen therapy the resultant fibrosis 
withm and around the mediastinal tumor mass may well occlude the vascular 
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avenues of approach With little or no previous Roentgen therapy mediastinal 
tumors appeared to respond more satisfactorily 

Hepatic Involt erne lit 

Hepatomeialj Hcpatomcgal) was present in 15 cases Thirty-six and six-tenths 
per cent showed regression follow’ing HN. therapy Those who failed to respond 
were radioresistant terminal cases Individuals with lesser degrees of hepatomegaly 
appeared to respond satisfactoril) 

Jaundice In four cases hepatic enlargement was associated with jaundice Two 
responded well while the other two showed no signs of improvement and in fact 
became worse following thcrap) The following case is illustrative of a possible 
aggravation of liver d)sfunction following HNj therapy 

CASE 35 

H W, a 45 j ear old vhtte male «as first seen on April 16 1947 Eight months prior to admission he 
noted the presence of a mass in the right cenical region svhich gradually increased in size until it filled 
the entire right side of the necL He des eloped marlced fatigabilit) night sweats and pruritus A biopsy 
mealed the presence of Hodgkin s disease Roentgen therap) produced a short remission Subsequent 
roentgen therapy was completel) ineffectual and the patient became progrcssisely mote disabled with 
severe night sweats and feier 

Physical Examinatim Temperature 104 F pulse iifi per minute respirations, jz per minute The 
sclerac were markedly ictenc There was no adenopathy The liver descended one finger s breadth and 
the spleen nvo fingers breadth below the right and left costal margins respectively 

Laitratarj Data Blood counts leukocytes 6100, er> throcytes 3 010,000 hemoglobin 9 3 Gm 
differential polymorphonuclear neutrophiles 43 per cent, band forms zi per cent monocytes 16 per 
«nt, lymphocytes t8 per cent Bone marrow hyperplastic differential polyraotphonuclear leukocytes 
17 5 per cent band forms 30 5 per cent, metamyelocytes Z4 5 per cent myelocytes iz 5 per cent pro- 
myelocytes, i 5 per cent plasma cells z 3 per cent reticulum cells i 6 per cent, erythrocyte granulocyte 
ratio 1 z 5 The unne showed four plus albumin and four plus urobilinogen The blood sedimentation 
rate was 1Z5 mm per hour The toul serum bilirubin was z.3 rag per cent A roentgenogram of the chest 
revealed hilar adenopathy and increased markings extending down to the right lower lobe 

Course On April 17 1947 the patient was starred on a course of HNs consisting of 6 7 8 and 6 mg 
admimstercd on successive days The first dose was followed within one half hour by a chill and within 
two hours by moderate nausea and vomiting There were no reactions foUowung the last three doses 
Icterus was more intense on the third day of therapy The patient became increasingly stuporous lapsed, 
mto coma and died nine days after the institution of therapy 

PtsSmorlctH Pxamtnalson There was a well-defined icterus of the skin and sclerac The spleen and liver 
weighed 475 and ZZ40 grams tespectisely There was exrensive granulomatous infiltration mthin these 
otgans as svell as the tracheo-bronchial paraortic and retroperitoneal nodes Partial compression of the 
common bile duct resulted from an enlarged node at the head of the pancreas Microscopic examination 
cc^cd numerous foci of necrosis in the liver with swelling and s acuolizanon of the rcticulo-cndothclial 
cells and marked hypoplasia of the bone marrow 

The progressively downhill course of this patient was probablj accelerated by 
the administration of HN: in the face of definite icterus It is probable that the 
miliary necroses of the liver and hypoplasia of the bone marrow could be directly 
attributed to HN: therapy 

Ascites Ascites was present in three cases Partial relief w as effected in o cases 
5, radiorcsisrant, had marked ascites, pleural effusion, dyspnea, fever, ano- 
rexia and malaise HN» therapy and other supportive measures brought about a 
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satisfactory partia] rcrnissioo Case Z3 is illustrative of a partial response to vigor 
ous therapeutic measures including HN^ 

CASE X3 

V C a 24 year old white female was first secQ oojanuar) 7 1547 A diagnosis of Hodgkm s disease 
had been made two and one-half years pnor to admission after a six month penod of fever, sweats 
hoarseness, adenopath) and splenomegaly Roentgen therapy was only partially effective in rednang 
glandular enlargement She had herpes zoster one year prior to admission During the past three months 
she had developed progrcisnc faague anorexia dyspnea, asates and edema of the lower extremities 
The patient had a marked pancytopmu and hypoprotcmcmia and rctjuircd frequent transfusions 
Fhyjical BxsmtMtim The patient was markedly emaaated She had a nght Homer s tyndrome There 
was generalized shorty adenopathy marked ascites hcpatosplcnomcgaly and pittmg edema of the lower 
cxtrcmiacs 

Lab^aterj D0ta Blood counts Iuckoc)'tc$ 1000 ciythroc)'tcs, 3 380 000 hemoglobin 36 per cent 
platelets x 67 010 reticulocytes i 6 per cent differential polymorphonuclear ncutrophilcs 3x per cent 
band form, x6 per cent metamyelocytes 3 per cent monocytes 31 per cent lymphocytes 7 per cent 
Bone marrow hyperccllular diffcrcnaal polymorphonuclear ncurrophilcs 6 8 per cent band forms 
•16 4 per cent metamyelocytes 13 8 per cent m>clocytcs 30 o pt cent promyelocytes 104 per cent 
myeloblasts 4 o per cent eosmophilcs 3 fi per cent lymphocytes o 4 cent plasma cells ox per 
cent rcticulam cells 5 1 per cent, megakaryocytes plentiful crythrogrtc granulocyte ratio i i The 
unnc sho>vcd two plus albumin The Hinton test was ncgimc The total protans wre 4 4 gms 
cent albumin 3 o Gm globulin i 4 Gm 

Cwjt The pauent rccavcd five doses of HNj consisting of 3 4, 5 6 and 3 mg admimstcrcd on alter 
nate day* bcginamg January ii 1547 She had moderate nausea and vomiting starting two hour* after 
each injection and lasting 3 to 4 hours The Homer s syndrome disappeared completely Adenopathy and 
hcpatosplcnomcgaly regressed partially The paaent received numerous supportive measures including 
intravenous blood plasma albumin viumins and paracenteses The scrum protein rose to 3 i Gm per 
cent. Leukocytes fell to 900 and peaiallin was administered The platelets rose to 410 000 Thirteen days 
after the ininauon of therapy the bone tuarrow showed a marked decrease in ccllilanty and a shift of 
granulocytic elements to more mature forms Improved appetite and general well bang continued for 
about four months In May 1947 she developed jaundice and 5e\’crc epistaxis A second course of HN| 
svas instituted but asates recurred and the patient went progressively dovmhiU and died Postmortem 
examination was not obtained 

This patient appeared to be m a terminal state upon admission and HNj was 
administered only after considerable hesitation especially since marked leukopema 
was also present However, following therapy the patient had a four month remis- 
sion and in fact showed partial improvement of her pancytopema Rosenthal®* has 
described the use of nitrogen mustard therapy with splenectomy in those eases 
having severe leukopenia Splenectomy was found to be effective in raising the 
leukocyte level Remissions tended to be of longer duraaon with this drastic 
procedure and the leukocyte count was not lowered Expcncncc with this form of 
combined therapy is as yet too limited to permit evaluauon 

Case xz showed ascites, hcpatosplenomcgaJy, hydrothorax and fever 
Patients displajing ascites and extensive hepatic involvement have, on the 
whole, responded poorl) to HNj Boursncll, ct al demonstrated the excretion 
of as much as 50 per cent of intravenously injected sulfur musurd into the bile 
of rabbits within one hour With diffuse granulomatous infiltration biliary excre- 
tion is undoubtcdl) impaired, and the avenue of approach to involved areas ob- 
structed Roentgen thcrap) ma) be of some value in such cases 
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Neurologtc InvoIiemeM 

Jntraspnial 

Intraspinal )n\o]\ement has been attributed to the following pathogenetic 
mechanisms (i) extension from retroperitoneal and posterior mediastinal granu- 
lomatous tissue Ml the inten'ertebral foramina into the epidural space, Ql) exten- 
sion from an in \ oh ed a ertebra, or compression from collapsed vertebral bodies, (3) 
mechanical obstruction of blood lessels within the intervertebral foramina or just 
outside the cord, causing diffuse m) elomalacia, and (4) toxic myelitis Pressure 
from lesions extending from involved vertebrae was present in one treated case 
Cease 10) and in one untreated case Cease 6) In the other cases, there was probable 
extension via the intervertebral foramina Thromboses of blood vessels may well 
have been a contributing factor in some cases 

Spastic Paraplegia During the course of our observations, 5 patients developed 
spastic paraplegias In 3 cases this developed terminally and we did not have the 
opportunity to treat them with nitrogen mustard The other 2. cases are described 
in detail The results of treatment with HN^ were of onl) partial and temporary 
value 


CASE 8 

^ a 31 jear oM housewife was first seen 10 July 1946 She had developed cough pruritus ccnical 
and axiIUrj adenopathy and splenomegaly in 1940 Roentgen therapy induced a six year remission In 
January 19,16 $he noted the onset of painful swelling of the left arm and breast Cough dyspnea and 
fatigue were presenting complaints in March 1946 Roentgenograms of the chest showed a massive hydro- 
thorax and bilateral hilar adenopathy Two thoracenteses bronght about considerable relief of dyspnea 
This was followed by roentgen therapy to the mediastinum with complete resorption of the left thoracic 
flnid and regression of hilar adenopathy The edema of the left breast and arm persisted Three weeks 
later however, a recurrence of the pleural fluid and mediastinal adenopathy was noted and the patient 
vv'as teferred for nitrogen mustard therapy 

ExMmiMtin The patient had a marked radiodcrmatiQS of the left supraclavicular area There 
were induranon and edema of the left breast and upper extremity a left Homer s syndrome as well as 
«igns of pleural thickening over the left upper chest There were no palpable glands, liver and spleen 
not enlarged Neurologic examination was negative 
Laiiraltry D^la Blood counts leukocytes 7600 eiythrocytes 3 340 cx» hemoglobin 11 3 Gm 
platelets 1,176,630 reticnlocytes i 3 per cent, differential polymorphonuclear neutrophiles 81 per 
“nt monocytes 7 per cent lymphocytes 11 per cent The unne was negative The Hinton test was nega 
Roentgenogram of chest showed enlarged hilar masses 
Cc»rse On July 5 1946 the patient was surted on a course of 4 doses of HNi consisting of 4 5 6 and 
7 nig Chills and severe nausea followed each dose 

^cre followed a moderate regression of the edema of the left arm and breast and complete rwolucion 
of both hilar masses In October 1946 the pauent developed a spasuc paraplegia and fecal and unnary 
incontinence Combined roentgen therapy (i 01.5 r to the lower cervical and upper thoracic spinej and 
HN, (14 mg ) were admimstcred Severe nausea and vomiting followed each injection of the lattce 
I^ng the course of the next three months inconuncncc completely disappeared and the panent cou 
Walk With assistance Homer s syndrome persisted 

In Febmary 1947, the pauent again developed a spastic paraplegia Lumbar punemre demonstrated 
Ilic presence of a partial dynamic block and a spinal fluid protem of iio mgs pm cent A third coutk ot 
HN, was admimitered on font successive days (5, 6 7 >nd 8 mg ) Spinal fluid dynamics retcracd to 
normal and protein level fell to 60 mgs per cent Roentgen therapy to the lower cervial Md upper 

'horaac spine (715 r) produced no further effect upon the spinal fluid There followed a gradual improve 

Ident in the use of both lower extremities 
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In May 1947 the patient dc\xloped subcutaneous nodules over the left upp r chest These soon u! 
ccrated and became sccondanl\ infcaed Progressive paral)sis of the lower cxtrcraiues resulted in a 
complete spastic paraplegia and unnar} incontinence The edema of the left arm became especully pain 
fuJ All forms of thcrap) %verc refused In September 1547 a large sacral ulcer developed and became see 
ondanly infected The patient ran a fes’cr sshich did not respond to p^icillin therapy She was con 
tinuously sedated with large doses of morphine and pantopon Death occurred on S-pCvraber 17 1347 
Postmortem exarainauon was not obtained 


CASE 2-4 

J F K., a Z7 year old white male first noted the presence of left ccr\ical adenopathy in December 
1343 A biopsy revealed the presence of HodgLin s granuloma In No\ ember 1345 mediastinal involve 
ment was noted In March 1546 left inguinal glands appeared Cervical glands recurred in July 1346 
Roentgen therapy induced complete regression of enlarged glands Complaints of anorexia weakness 
nausea \omiung epigastric and flank pain were relieved by roentgen therapy to the abdomen and back 
In October 1546 the patient complained of left upper quadrant pain and parasthesias of the lower ex 
crcmincs The upper abdominal pain subsided with x ray therapy Complete paraplegia and urinary in- 
continence developed in January 1347 

Physical Examiruttm The paacnc appeared chronically ill He had enlarged cervical left axillary 
inguinal and femoral nodes A hme-sircd mass was palpable in the lower abdomen The spleen was two 
fingers breadth below the left costal margin There was a large sacral ulcer Neurologic cxaminaaoo 
revealed a spastic paraplegia and hypesthesia from the level of Dix The patient had both unuary and 
fecal incontinence 

Laboratory Data Leukocytes 18 300 cryihitx^tcs 3 x8o 000 hemoglobin yx per cent diffcrcnaal 
polymorphonuclear ncotrophilcs 83 per cent monocytes 1 per cent lymphoc>tes lopercent Thconoc 
showed a trace of albumin and numerous white cells The Mazzioi test was negative 

CwT/r Two courses of HNj were adminiscercd one beginning January 1 1947 (zi rag ) and the other 
February 17 1347 (ii mg ) This was followed by roentgen therap) C3“o 0 ortv the lower dorsal and 
upper lumbar spine The neurologic status howrever remained unchanged Cervical and inguinal glands 
appeared about one month later In June 1347 the patient developed edema of the left leg and scrotum 
which was unrelieved by mcrcuhydno Bladder incontinence required corutant udal drainage In August 
1347 enlarged cervical glands appeared and the pauent had considerable d)’tphagia He received 4 mg 
HN* on August 18 The following day at the start of the saJme infusion for the adrmnistrauon of nitro- 
gen mustard he became dyspncic and cyanotic and complained of sudden blindness His face became puffy 
and neck veins distended Oxygen and morphine were administered with gradual improvement A fric 
aon rub was heard at the left base twenty four hours later One month later a cutaneous ulcer developed 
at the base of the perns due to pressure from the paraplegic posiuon The patient died on October 17 

1947 

At autopsy there was granulomatous mfiltrauon of cervical axillary, inguinal retroperitoneal 
celiac pancreatic and mesenteric lymph nodes the spleen and liver as well as infiltration into the psoas 
muscle kidneys adrenals bladder pancreas and We lung There 'were bilateral pyourcters and pyo* 

nephroses A purulent cystins was present The lower thoraac pomon of the spinal cord was surrounded 

by an epidural cuff of firm gray tumor o 3 cm 10 thickness The left half of the cord was greatly com 
pressed The tumor extended through the dura and pia arachnoid directly into the substance of the cord 
There was de gen er a aon of the posterior and lateral tracts of the spinal cord The vertebral marrow was 
ennrely replaced by necrotic tissue There was active hematopoiesis in the costal sternal and calvarial 
marrow 

Therapy was instituted three weeks and three and one^half months after the 
initial symptomatology in eases 8 and 14 rcspcctivcl} In the latter ease, irrcycrsiblc 
eord ehanges were imdoubtedly present at the time of treatment The former ha 
a parual remission following eombincd thcrap) The shorter interval between on 
set of symptoms and therap) is probably responsible for the differenee in the resu ts 
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obtained Secondary mAormlicn of the cord due to pressure and thrombosis of 
vessels IS an irrc\crsihlc process 

'Pam Pam uas a prominent presenting s\niprom in three patients who showed 
evidence of intnspinal en\oI\cmcnt of Hodgkin s disease 

In cast 2$ the initial manifestation of the disease uas in the form of agonizing low back pain radiating 
down the right Jcg Roentgenogram of the spine rescaled the presence of a destructive Jcsion in the nvelfch 
dorsal vertebrae A lamincctoms performed one )car later rescaled an infiltratisc mass involsing the 
seventh eight ninth and tenth dorsal spinous processes laminae and pedicles as svell as an extradural 
mass Roentgen ihcrap) did not relies e the pain Because of the excruciating character of the pain the 
pancnc required large do^cs of morphine and demerol to sshich he became addicted The patient subsc- 
tpicntlj had tsso cons'ulsis'c seizures ssjth shooting pains dossn both arms Four courses of HNj were 
administered foliossing ss hich he dcs eloped complete remissions from the agonizing pain for the penods 
of 31 43, i8 and zr da)*s rcspectncl) The second course ssas combined ssith roentgen thcrap) Further 
HNihad to be discontinued because of hematemesis The patient died suffering extreme back pain radiat- 
iDg dosvn both legs At autops) the extradural space from the lumbar to the upper ccrsTcal area svas 
filled with rumor 

Case jSvTiz complctcl) relies cd of pain foliossing the first and partially relieved follosvjng the second 
course of nitrogen mustard 

The following ease, showing remarkable pain relief following HNi therapy, is 
desenbed in detail 


CASE 10 (figure 10) 

B D a 38 )car old nhite male was first seen in October 1946 He had discovered a mass in the left 
mlla two and one half j-ears previously and the diagnosis of Hodgkin 5 disease had been made follow- 
ing biopsy Roentgen therapy was then admmistered to the left axilla left supraclavicular region and 
“nixstinum In September 1944 the patient developed fever mght sweats and right axillary adenop- 
*thy A submental gland appeared in December 1944 

Roentgen therapy was administered on these and subsequent occasions with progrcssis'cly increasing 
radiorcsiscancc The patient developed marked fatigue lassitude night sweats and anorexia 

BbyiualExamruutn (October li, 1946) The patient was moderately pale A large mass was present 
in the eleventh left intercostal space There was no cervical axillary, or inguinal adenopathy The Iivcr 
iras felt three fingers breadth below the right and the spleen five fingers breadth below the left costal 
margin 

Uhn-atirj DmU Blood counts leukocytes 15 650 erythrocytes 3 390 000 diffcrenual polymor- 
phonuclear neutrophiles, 44 per cent, band forms 10 per cent lymphocytes 34 per cent, monocytes 10 
percent 

Cnrsi The patient received four doses of HN, consisting of 4 4 3 and 6 mg admimstercd on al^ate 

diys Moderate nausea and vomiting followed each injection and lasted for three to five hours Wit^n 
a few days the pancnc had a marked increase in vitality, an increased appente and began to gun 
The mass in the eleventh intercostal space and the hcpatosplcnomcgal) regressed completcl) Tie 
leukocyte level dropped to 3 950 This remission lasted for two and one haU months At that umc the 
pauent noted the pretence of enlarged preaunculat glands On cxaminanon he svas found to have genet 
abaed adenopathy, recurrent eleventh left intercostal mass and hcpatosplcnomcgal) A sec^d conrsc 
of HN. was instituted on December a6 1946 m the form of wetUy and b.weeUy mjections The nan« 

and vomiung were of such seventy that further attempts at prophylacuc therapy had to be discontinued 

Adenopathy and hcpatospicnomcgaly regressed completely , _ /■ n ■ 

In Fcbniaiy 1947 the futicnt noted the onset of headache and imtabilit) This was soon followed 
>>7 mtetmittent pam in the tight quadriceps muscle severe sweats and anorexia About rae month latei 
'b' patient complained of low back pain radiaang down the right extremity aggra^ted by 
snccang and straining at ttool Neurologic cxaminanon was csscnually negauve c pain s 
the left lumbar area and radiated to the left hip and left thigh anteriorl) Ro-ntgen thcrap) O'" V to 
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the lumbar spjnc bad no effect Thepain IocalJ2cdatL3aDdbecaracpf0^s5ivcly more intense Alambir 
ptmcnirc revealed a complete djnamic block xanthochromic fluid and 871 mg per cent fpmal fluid 
protein Ocher physical findings and hematologic data arc depicted m figure lo 

Beginning April 15 1547 the patient received daily injections of 4 3 6 and 7 mg HNi hlodcratc 
nausea and vomiting followed each dose Within twelve hours after the first dose 50 per cent of the pm 
had subsided and moderate reduction in prcauncular adenopath) was noted The pain was almost com 
plctcJy relieved at the conclusion of therapy A rrpeat lumbar puncture was performed on the following 
dayandrcv'caJcdnormaldynamicscIcarfluidsandj^iDg p-r cent spinal fluid protau Sweats and hepato* 
spicnomcgalj subsided completely The usual fall in the leukocyte level occurred 

In July 1547 the patient noted a recurrence of weakness anorexia and dimness On exammapon he 
was found to have marked pallor and hcpacosplcnomcgaly Blood counts were as follows IcuLocytcs 



Fio 10 — EsTBcn or HNj in Patient who Developed Aoonizino Low Back Pain and Ettladuxal 
Involvement with Hodoein t Disease (Case 10) 


6000, erythrocytes x,oio 000 hemoglobm 6 9 Gm reticulocytes 6 6 per cent platelets 303 000 dif 
ferential» normal The blood scdimcntaaon rate was 68 mm per hour The unne unfailinogcn was posi- 
avc m I 310 diluaon The fourth course of HNi was started on August 9 1947 and consisted of daily 
doses of 5 6 7 and 8 mg The usual rcacuons of nausea and vomiting follow^ each dose 1000 cc of 
whole blood were given to correct the anemia There followed a marked improvement m anorexia and 
sweats The hcpatosplcnomcgaly subsided completely The leukocyte level fell to 1900 

The remission lasted until October xo 1947 when the patient again noted the onset of fangabihty 
and anorexia. On examination he was found to have moderate pallor prcauncularandiubmcntaladaiop 
athy and hcpatosplcnomcgaly The erythrocyte count had fallen from 4 040 000 to 3 300,000 wi 
corrcsjponding hemoglobin levels of 11 3 and 9 3 Gm respectively A fifth course of HNi was surred on 
October X 3 1947 consisang of 3 6 7 and 8 mg administered on alternate dajs The pauent had a prompt 
improvement in general well being as well as complete regression of adenopathy and hepatospicnomeg 
aJy The leukocyte level dropped to 3600 The placclct count rose to 404 500 
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Following each of the fne successi\e courses of HN- this patient demonstrated 
an unusual scnsitiMt) to nitrogen mustard therapy with objective signs of im- 
provement occurring as earl) as 12. hours after the initial dose The response of 
pain and the regression of the intraspinal tumor were indeed remarkable The 
consistent fall in er) throcj tc and hemoglobin levels and reticulocytosis were 
qmcklj corrected with HNj therap) 

In this group presenting pain ns the predominant symptom the results were far 
more striking than in those cases showing paraplegia, probably because pain is 
an early sign of intraspinal involvement and ma.y therefore cause the patient to 
seek help before irreparable spinal cord damage has taken place Thus pain was 
complctel} relieved in 71 4 per cent and partially relieved in 18 6 per cent of the 
cases 

Ptnfhcral 

Paralysis of the Upper E-ctrewity In z cases, parnl}'sis of the upper extremity, 
secondary to pressure upon the brachial plexus was present In neither case was ni- 
trogen mustard effective in relieving the paralysis Case i, had a large mass filling 
the entire left side of the neck Case 8 had extensive scar tissue in the supraclavicular 
region which resulted from previous intensive roentgen therapy The cervical mass 
in former case showed partial regression but sudden death occurred before any 
improvement in the paraHsis could be noted 

Patn Back pain in the absence of specific intraspinal disease was present in 7 
patients Complete subsidence of pain in all cases followed nitrogen mustard ther- 
apy It IS probable that dorsal root compression by granulomatous tissue was 
quickly relieved before irreversible changes had occurred 

Homer s Syndrome Seven patients having eleven administrations of HN i had Hor- 
ner s syndrome No change followed therapy in nine of eleven administrations 

Osseous Involvement 

Rcentgenograms of the skeletal system revealed lesions in 6 patients Vertebral 
lesions were present in 4 cases, pelvic and vertebral lesions in i case, and pelvic 
lesions alone in i case A destructive lesion of the sternum was present in i case 
Despite successful clinical remissions following nitrogen mustard therapy the 
destructive lesions as visualized roentgenologically showed no improvement This 
lack of response may be due to the inhibitory effect of the nitrogen mustards upon 
osteoblastic and other enzymatic activities necessary for osseous regenerations 

Efpects on Hematoiooic Constituents 
Peripheral Blood 

Prythrocytes Figure ii illustrates the hematologic changes which followed HN; 
therapy Fifty-eight and five-tenths per cent of cases showed a well defined decrease 
m the erythrocyte level This was manifest within five to six days after the initia- 
tion of treatment, and persisted until the twentj -first to nvent> -fifth da} , after 
which a gradual increase to normal levels occurred The maximum reduction in 
the erythrocyte count was 16 x per cent In iS S per cent of cases, cr} throq tes rose 
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following therapy The average rise was ix i per cent on the ninth to tenth day 
and T} 3 per cent on the twenty-sixth to thirtieth day Twenty-two and seven- 
tenths per cent of cases showed slight if any change in red cell count The routine 
examination of all peripheral blood films failed to reveal any striking morphologic 
changes in the red blood cells 

It IS possible that the cScct on red cell count may be due to a direct action of 
the chemical upon the circulating red cell Boursncll, et al have demonstrated 


HEMATOLOGIC REACTIONS FOLLOWING HNj THERAPY 



Flo II — Reduction in the Vaeiou* Hematologic Co nvij ' j ue nti Following a Couese or HNj 
Theeapy The platelet reduction ai pictured above occorrtd m onlj 10 per cenr of the cases The most 
constant effect was on the Icakocyrcs more paracularly' on the granulocyuc elements 


in rabbits, that one-third of the injected radioacuvc sulfur mustard remains afiixcd 
to the red cells Increased unbihnogen excretion into the feces has been reported 
by Jacobson' and Urteaga'® following the admimstration of mtrogen mustard 
Serial serum bilirubin studies, performed in many of our cases, revealed no change 
No spherocytosis or altered osmotic fragihty of the red cells could be demonstrated 
Case 10, with each relapse, showed a marked fall m erythrocyte and hemoglobin 
levels and developed a spherocytosis and reticulocytosis Following each counc 
of mtrogen mustard therapy the erythrocyte and hemoglobm levels rose and sphero- 
cytes and recitulocytcs diminished 
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Htmo^Iobtr A parallel fall m the hemoglobin level to that noted above occurred 
in 55 o per cent of cases A 7 i per cent reduction was present on the fifth day, and 
a 11 1 per cent reduction on the fifteenth to twentieth day Gradual improvement 
followed In ,41 o per cent of cases, a rise in the hemoglobin levels to a maximum 
of 153 pet cent on the rv\enty-first to twenty-fifth days was noted 

'Rcnculccytts Eighty -fise and one-tenth per cent of cases showed a depression m 
the reticulocyte lesel following nitrogen mustard therapy This w'as maximal on 
the sixth to tenth day (o o to o 1 per cent) 



V 0OVCMtC0 — ^ 

Ro Co^«.xac*T.o^« Foeu>w«o 

8 MO HN, (Case 45) The sanous feanires of apUsii of the marrow recovered 

granalocytopcma and thrombocytopenu Hemorrhagic raxoi/csutio 
after a very stormy course and h*d an excellent remission 

Lsuhcyf.s A fall in the leukocyte level occurred in 87 7 
patients with initial leukocyte counts ranging from 4000 to 15, tended 

velop leukopenic levels, while those ranging be^een ^ on the 

to fall to normal levels The maximal fall in the Icukocy foj. 

twenty-first to the twenty-fifth day after the initiation ° fortieth day 

lowed by a gradual return to normal ^ ‘ ^ I decrease in the 

Five cases (6 9 per cent) with initial leuko^nias after a 

leukocyte count showed a progressive increase which fell to ocxJ on the 

eleventh day and subsequently rose to 69x0 fallme from xx,35o to 
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plasia The ctiologic role of ms-mustard in the producuon of this reaction is dis- 
cussed below 

The decrease in the leukocyte count was predominately a reflection of the si- 
multaneous decrease in granulocytes (figs 5, 9, 10, ix) Lymphocytes and mono- 
cytes showed moderate reductions onl) when their initial levels were high Re- 
peated examinations of the blood films revealed no qualitative changes in any of 
the white cell elements 

Platelets The platelet level was aficctcd in onl} xo 5 per cent of the cases In 
these cases, an average reduction of 69 4 per cent was present on the twentieth 
to thirtieth da) following which a gradual increase occurred Two patients with 
initially low platelet counts after a slight depression showed increases of 43 8 and 
54 4 per cent 


Hemorrhagic Mamjestations 

Upon the usual thcrapcuuc schedule, 3 patients developed hemorrhagic mam- 
fcstations following one or more courses of HN 1 Case xo, who had received a total 
of eight courses, developed moderate bleeding of the gumsfollowingherlastcoursc 
Severe hematcmcsis followed the third and fourth doses of the fourth course m 
Case x8 and well as the fifth dose of the fifth course Hematcmcsis occurred tcr- 
imnally eleven days after the first course in Case xx The most severe hemorrhagic 
complications due to marked thrombocytopenia, occurred in Case 49 who received 
18 mg of the ens compoimd (HNj) and 8 mg of HN'v Her ease is described in 
detail 

CASE 49 (figure Ix) 

MS a 19 year old ^hicc female first noted the presence of a right snpradaMCnJar mass m Octobff 
*947 WuHn two ^ccks she began having severe night sweats and fever Other glands appeared in the 
left ce r v ical and axillary regions The biopsy showed features of both Hodgkin s granulonia and tarcoma 
The patient was first seen about one month after onset at which tune she complained of cougiL 

^hystcal Examtnatton The pauenc was moderately pale There was a large left axillary miss 6 cm m 
diameter There were numerous bcan-sixcd axillary and ccmcal glands Snpracardiac dullness was m 
creased The liver and spleen were not palpable 

Ijticratffry Data Blood counts leukocytes 15,180 erythrocytes 4310000 hcmoglobm lOi^ 
Gm rcacnlocytcs o 5 per cent platelets 689 600 differential polymotpboauclcar ncutrophilcs, 6i 
percent cosinophilcs 3 per cent monocytes 4 per cent lymphocytes ii per cent Bone Marrow hyper 
plasuc differential band forms 36 per cent metamyelo cyte s la-} pn* cent, myelocytes ri 6 per cent 
plasma cells, i a per cent megakaryocytes markedly increased nonnolasts A o 8 per cent B a.8 per 
cent, C, 4 o per cent The urine was negative The Hinton test was ncgati\c The blood s^dimentaaon 
rate was 95 mm per hour The total blood proteins we r e 7 i Gm per cent albumin 4 4 Gm per cent, 

globulin a 7 per cent A roentgenogram of the chest sboss^ large mcdiasnnal and hilar masses 

CeMTje The patient received three doses of HN* (5 6 and 7 mg rcspccuvcly) and one dose of HN 
C8 tng ) on alternate days beginning November 18 1947 There was a strikingly rapid regression of 
ccmcal and axillary glands On the fifth day following the imuaaon of therapy the mediastinal masses 
regressed 60 to 70 per cent The patient $ hematologic course is shown in figure 12- A marked pancyto- 
penia with extreme thrombocytopenia developed Severe menorrhagia p-ttchiac ccchymoscs blccdi^ 
of gums and a rctmal hemorrhage occurred eighteen days after the initiiuon of therapy Thromboses 
the nght and left antccubital veins were present Serial bone marrow aspirations revealed progressive 
hypoplasia (fig 13) The patient ran a febrile course for ten days During this time she rcccivTd peoiaUm 
and sulfadiixinc A total of 3300 cc of firesh whole blood was administered Protamine 137 mgs 
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administered intravenous!) but svithout apparent effect upon the hemorrhagic manifcjutions These 
subsided spontaneous!) with an improtcmcnt in the platc!cc count Definite evidence of bone marrow 
regeneration was noted on Januat) j, ig^S 

The HNj administered to this patient was undoubtedly largely responsible for 
the severit} of the hemorrhagic complications This form of nitrogen mustard was 
found to produce unusuall) severe depressions of leukocyte, erythrocyte and plate- 
let levels Thromboses of injected veins were likewise more common Further use 
of tns-mustard appears to be unwarrented 

Bom M/htow 

Serial bone marrow studies were performed in ii cases of Hodgkin s disease 
treated with nitrogen mustard Within twenty-four hours after the initiation of 
nitrogen mustard therap) the clumps of marrow began to show a decrease in size 
and cellularitj Fat-spaces were increased 
Polymorphonuclear neutrophiles showed hypcrsegmcntation Erythropoiesis 
was suppressed Within two to four days there was a reduction in the number of 
myelocytic cells and a relative increase in the number of more mature forms Bi- 
zarre, distorted myeloc)tes, metamyelocytes, polymorphonuclear neutrophiles and 
megakaryocytes were noted with moderate frequenty Marked hypoplasia of the 
bone marrow followed nitrogen mustard therapy in 7 cases The senal bone-marrow 
changes obtained in i case are shown in fig 13 Case 46 showed a marked decrease 
in cellularity within 24 hours after the initiation of therapy Increasing hypoplasia 
was found two days later Bone marrow regeneration was noted six days after 
the cessation of therapy The pretherapy bone-marrow of case 35 was markedly 
hyperplastic Severe hypoplasia was present nine days after the initiation of treat- 
ment 

A moderately active bone-marrow was present in Case 16 who died fifteen days 
after the completion of the last course of nitrogen mustard Hyperactive marrows 
Were found at autopsy in z cases (Cases 15 and 24) who died five and ten months, 
respectively, after their last course of therapy 
Suppression of crythroid activity was noted within twenty-four hours after the 
imtiation of HNj therapy No immediate reflection of this depression was noted 
m the peripheral erythrocyte and hemoglobin levels, in all probabihty because 
of the normal red cell survival time of one hundred and twenty days 
Bloom and Bloom^'’ showed that the chick erythroblast was the most sensitive 
cell In the marrow following the administrauon of x-ray therapy 
Suppression of granulopoiesis was noted within two to four days The fall in 
the penphcral leukocyte level occurred shortly thereafter reaching a maximal leu- 
hopcnia on the twenty-fifth day This prompt reflection of an effect on the marrovv 
IS undoubtedly due to the short survival time of the leukocyte in the pcnpheral 
blood 

Megakaryocytes proved to be the most resistant of all marrow elements and 
platelet reduction occurred in only 10 1 per cent of cases 
Except for terminal cases dying shortly after their course of nitrogen 
therapy no cases of irreversible aplasia of the marrow were encountered in this 




F/o ij — HypoPLi^mc Rijpovjfi of Bovs Makkow FoLLoy^xo 1 xj£ct 2 o\ of 2$ mo Tmis (B Cszomo 
ethtl) A^nKE A>rD 8 mo JvIbth^x Bis (B Chlorobthve) Avsive (Case 49) 

( x ) Prior to Ikttiatiov op Therapt 
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senes Hov\ ever, ss c have been informed of such instances from other dimes where 
a higher dosage schedule of HN; and more frequent institution of therapy have 
been in vogue Our experience indicates that the tns compound has a much greater 
cytotoxic effect upon the bone marrow than docs the mcthjl Bis (B chloroethjl) 
amine 

In experimental animals, the rapiditj of the cj totoxic action of the mtrogen 
mustard has been demonstrated by Kamofsk} ct al This occurs within a penod 
of five minutes after injection The fixation of radioactive sulfur mustard to the 
bone marrow was shown bj Boursncll ct al Kindred^’ studied the reaction of 
the femoral bone marrow of the albino rat to sulfur and three mtrogen mustard 
preparations A marked suppression of cry throid and granulocj tic elements was 
noted two da} s after injection Mitotic activit} was diminished Megakaryocytes 
showed some signs of injury but no reduction in number Reticulum cells and plasma 
cells were unaffected Similar results were obtained in dogs, rabbits,^- and m mice ’’ 

Severe aplasia of the bone marrow following mustard gas poisomng was reponed 
in 6 fatal eases by Krumbhaar and Knimbhaar' in 1919 Spurr, ct al using the 
marrow aspiration technic** found a more prolonged depression of the marrow and 
a less rapid return to normal than noted in our eases Block ct al ** studied the 
scnal marrow changes histopathologically The atrophic stage was between 
eight and twenty days after initiation of HN • thcrap} In the post-mortem findings 
reported by Spia,*‘ severe marrow hypoplasia was noted following a cumulative 
dose of o 5 to o 6 mg /kilo of HN • administered eight da} s pnor to death 

Barron et al ** showed that the addition of chohne, dimcth}! ammo ethanol 
and methionine to bone marrow in vitro protected it from the inhibition of respira 
tion by the mtrogen mustards 


Lymph Nodes 

Scnal lymph node aspiration were performed in six treated eases The t}’pical 
appearance of the lymph node aspirauon in Hodgkin s disease is shown in fig 14* 
This is characterized by a pleomorphic ccUular pattern consisting of l}’mphooTcs, 
polymorphonuclear ncutrophilcs, cosmophilcs, plasma cells, rcuculum cells, an 
Dorothy Reed cells Withm a period of twenty-four hours after the imtiation 0 
therapy there was a decrease m ccllulanty and pyknosis and smudging of lympho- 
cytic cells Four days after the iniuation of therapy, these findmgs were more 

marked (fig 14b} Polymorphonuclear ncutrophilcs showed vacuolauon and hyptf 

segmentation Reticulum cells were bizarre and degenerate and showed heqneat 

vacuolaaon i s 

No change was noted in the lymph node aspirations of a ease of Hoag 
sarcoma (Case 46) who was resistant to treatment Case 49, having some 
of both Hodgkin s granuloma and sarcoma showed a marked 
plcomorphism present before therapy with large numbers of sarcoma cc s 
present after therapy The lymph nodes of Case 30, who died from an cxangum^in ^ 
gastrointcsunal hemorrhage twenty-four hours after receiving 4 mg o 
showed marked pyknosis and dimimshcd mitotic acuvity Figure 15 shows a 




Fio 14 — Erracrs of Nitbooen Mustard ov Ltrsth Node of Case or Hodoion s Disease (Case 17) 
(a) Prior to Ifotiation or Trerapt 
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ary focus of necrosis within a lymph node obtained at postmortem cxaminauon 
seven days after the institution of nitrogen mustard therapy (Case x8) 

Similar results were noted b} Block ct al and Spitz Focal necrosis of the 
splenic pulp was reported by the latter following cumulauvc doses of o 5 to o 8 
mg /kilo, administered seven to eight days before death Kindred" showed marked 
lymphoid atrophy and Ijunphocyac degeneration in the albino rat on the second 
postinjection day Similar changes were present in the thymus and the spleen 
The pcnpheral lymphocytopenia coincided with decreased production withm 



Fio 15 — ^Ltmph Node Obtaiked at Post moetkxi Exavdnation Seven Days Armi Inttiation or 
NmoGEN Mottaed Tkeeapt SaowiNo a Focus or Miuaey Necrosu (Case 41) 


lymphoid organs rather than a direct effect upon the peripheral IjTnphoc) tc Mice 
and rabbits showed essentially the same changes 

Ltvtr 

Case 30 who died one day after a single injection of 4 mg HN. showed an increase 
m the number of polymorphonuclear cells within the sinusoids Miliary foci of 
necrosis of the liver were noted at postmortem examination in 3 eases (Cases 16, z8 
and 35), who died nine, ten and nineteen days, respccnvcly, after the iniuauon 
of therapy The liver cells showed extensive necrosis with very little leukocytic 
reaction (fig 16) Four cases who died from fifty-four days to eight months after 
their last course of treatment showed no evidence of such miliarj foci of necrosis 
Nitrogen mustard appears to exert a karyolytic effect upon liver cells Polymor 
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phonuclcar infiltration is present \Mthin n\ent)-four hours Resolution of the 
necrotic foci probibh takes place bemeen nineteen and lift) -four days after the 
institution of therip\ Doursnell, ct al demonstrated the ability of the rabbit 
liver to concentrate os much as 50 percent of the injected radioactive sulfur mustard 
^^lthIn the bile \Mthm one hour It is probable during this time that the hepato- 
to\ic effect occurs Zimmerman*^ reported focal necroses in the Iner of cats after 
the oral administration of nitrogen mustard 



Fio i6-Miua«t Foccs op L.vi» Necrosis in Case op Hodoein s Disease ss-ho 
Days after Last Codrse op Nitrooen Mdstard Therapy (Case i 6 ) 


Died Nineteen 


(^OSttfENT 

We prefer to classify Hodgkin s disease as a ^ 

disc- T.cs..r nrrhaDS as a result ofaarious stimuli including 


'e prefer to classify Hodgkin s disease as a r---- .nHudmE 

dls originating in lymphoid msue, cdro’Tthis proliferatnc 

nfcctions The Stcrabcrg-Rccd giant cell, the , m p^nnlastic 

'roccss, may represent a malignant c>'Fe of reticulum cell sv 
totes.es, Hodgkin s disease «„=. gte.d, m gtosvd. pniensial,., 
tee In the most benign types giant ceil, ate scarce and a ° 

■asked In the most highly malignant (Hodgkin s sarcoma ), giant 
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common and but little tendenej to fibrosis is present Dissemination of the disease 
ordinanly occurs by way of the lymphatic channels and bj contiguity, and only 
rarely by way of the blood stream Whatever the growth potenuality of the dis- 
ease may be in a given case its course is rclcntlessl) progressive From penpheral 
lymph nodes, it extends to the mediastinum and the spleen Thence, it spreads to 
visceral organs and consutunonal symptoms of fever, night sweats, increasmg 
weakness and itching appear Terminall), it may block large lymphatic channels 
and cause huge tumor masses in various parts of the body 

The course of Hodgkin s disease may be terminated by complete cxurpation of 
a single node or a small group of nodes if this is the only source of tne disease 
Such a successful end result is extraordinanlj rare since once the diagnosis has 
been made, the disease has already spread X-ray therapy has been used for many 
years to shrink the tumor masses and produce remissions We have been impressed 
with the better results obtained in early cases by drastic x-ray therapy as opposed 
to the use of |ust enough x-ray to induce a rcducuon in lymph node size to normal 
Sooner or later, despite x-ray therapy , new lymph node masses develop and con- 
stitutional symptoms become marked At this point, x-ray therapy often has but 
little effect The use of HN; has to our mind revolutionized at least this phase 
in the treatment of the disease 

In the course of our studies it became apparent that HNj is a valuable thera- 
peutic tool in the treatment of Hodgkin s disease, in many cases, indeed, it presents 
distinct advantages over the more standard form of therapy by x-ray HNi has 
been particularly valuable in the terminal cases of Hodgkin s disease, i e , in 
individuals completely disabled by their disease, having visceral involvement, and 
running an irregular or relapsing fever The use of a single course of HNj m such 
cases has often resulted in a tenmnation of the fcbnle state and its assoaated 
symptom, the drenching night sweat Frequently, there is a dramatic upsurge m 
vitality and a resumption of normal or almost normal activity Severe itdung of 
the skin, with its common accompamments of cxconations and ulceraaons due 
to scratching has usually yielded to HNi when previous x-ray therapy has proved 
completely ineffecuve 

In those cases that have become refractory to x-ray therapy, whether the Hodg- 
kin s process is generahzcd or of a more or less localized character, the use of HNj 
may be invaluable A single therapeutic course of HNj often results in a very 
rapid and striking response with a marked simultaneous reduction in large lymph- 
oid masses and spleen and in amelioration of both local and constitutional symp- 
toms The pain of peripheral nerve or spinal cord involvement has yielded quickly 
in all our cases to HN i therapy even though previous x-ray therapy has been com- 
pletely ineffective A frequent finding is the enhancement of sensitivity to x-ray 
therapy following a course of HN i 

Thus, HN j has proved invaluable in salvaging some of the apparcntl) hopeless 
cases of Hodgkin s disease and in increasing their life span by penods ranging 
from two months to more than two years Although the results in terminal 
cases have at times seemed almost miraculous, they have nevertheless been of tern 
porary nature Treatment with HN i should in no sense be considered as curative 
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The new sense of well being obtained with has howc^cr proved of great 
ps\chologic Mlue and has often gnen the patient a renewed determination to 
cope with his illness 

Our e\pcriencc with the treatment b) HNi of early or only slightly advanced 
cases has been too limited to warrant an) definite therapeutic evaluation In such 
cases, in which onh a single group of nodes is apparently involved, the distinct 
possibiliti is present that some of the abnormal cells of the disease have already 
progressed be\ond the local lesion Although a sufficiently high dosage ofx-ray 
therap) is usuall) productne of a sustained remission, the use of HN. under these 
circumstances ma) help to destro) abnormal cells at a distance from the local 
process Particular!) in the earl) cases of Hodgkin s disease, drastic therapy by all 
available means is important This ma) include radical extirpation of a mass of 
glands, heav\ dosage of high \oltage x-ra) and HN- 

There seem to be few contraindications to the use of HN* In the presence of 
leukopenia, the granuloc) tes should be carefully watched and treatment with peni- 
cillin given when a distinct granulocytopenia develops When jaundice is present 
HN- should be gnen with particular care since further injur) to the liver may 
develop If anemia is present, transfusions should be given either prior to the course 
of HN* or during its administration 

We have had better results in our cases with the use of smaller rather than larger 
doses of HN- A complete remission is usually attended with the use of doses 
smaller than the customaril) recommended amount of o i mg per Kg of body 
weight Reactions, particular!) those of a hematologic nature, are usually slight 
Larger doses of HNj may be productive of extremely severe and indeed irreversible 
reactions 

Although x-ray therapy is still the method of choice in the early cases of Hodg- 
kin s disease and is productive of longer remissions rhan is HN j, the combined 
use of x-ray and HN2 may prove to be better than that of either therapeutic method 
given alone We have obtained the impression that HNj is more specific against 
rcticulo-endothelial cellular proliferations than against those of any other cell 
type HN2 must therefore be considered as a definite addition to our present thera- 
peutic armentanum of attack against Hodgkin s disease, which we consider to be 
a form of reticulum cell proliferation It is realized that the use of HN, leases 
much to be desired, since it destroys abnormal cells leaving others which continue 
to maintain neoplastic potentialities These ultimately proliferate, leading to re- 
lapse However, it is hoped that further research will result in the development 
of even more potent chemotherapeutic agents for the ultimate control of the dis- 
case 


SUMMAKY 

1 Methyl bis (B chloroethyl) amine (HNJ was given b) intrasenoi^ route for 
the treatment of 50 successive cases of Hodgkin s disease, most o t em severe 
and far advanced Doses somewhat smaller than the usuall) recommended amount 
of o I mg per Kg were used in courses of four to six injections 
1 Nausea and vomiting followed administration of the drug in 9} x per cent 
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of cases Chills and fever occurred ,n ix 4 and 6 S per cent of eases respect.vch 
U^spnea, c>anosis and diarrhea were rare 

3 In pres lousl) nnrreated eases, remissions were of much shoner duration than 
those obtained with Roentgen therapj Hosvever, senking remissions were com 
monij obtained in x-ray resistant cases Remissions lasted from 17 to 331 daji and 
in individuals receiving multiple courses were roughly proportional to the total 
dosage administered A moderate prolongation of the remission period was ob- 
tained when HN- was combined with roentgen thcrap> 

4 Constitutional symptoms such as fever, night sweats, weakness and itching 
responded exceedingly well in most eases to HNj therapy Man^ previously in 
capacitated patients were completely rehabilitated for several weeks to several 
months after a single course of HN. therapy 

5 Adenopathy and splenomegaly regressed in 70 1 and 71 7 per cent of cases 
respectively Lymphoid masses previously resistant to x-ray therapy appeared to 
develop increased sensitivity to x-rays after a course of HN- therapy 

6 Patients with extensive mediastinal involvement and obstructive symptoms 
responded only moderately well while those with lesser degrees of mvolveratm 
showed a better response 

7 Paraplegia due to lacrzspiaal involvement was partially telicvcd in half the 
cases while pain due to similar invohcmcat was dramatically relieved in alt eases 
Pam due to pressure upon peripheral nerves was similarly relieved m all cases 

8 A slight but definite fall in the erythrocyte and hemoglobin levels occuned 
within five to SIX days after the institution of therapy Reticulocytes vvtrc man 
mally^ depressed on the sixth to tenth days Of the leukocytic elements, the gran 
ulocytes were predominately affected, with maximal cytopcnic levels on the 
twenty -first to nventy-fifth day The leukocytes gradually returned to normal by 
the thirty'-sixth to fortieth day Cases presenting an inmal leukopenia tended 
to develop normal leukocyte counts after an mmal drop to low levels The platelet 
count was affected in only 10 5 per cent of cases Terminal eases at times developed 


marked pancytopenia 

9 In one ease severe hemorrhagic compheauons due chiefly to thrombocytopenia 

followed the adminiscration of the tns form of nitrogen mustard and gradual ) 
subsided after a very stormy course , 

10 Progressive but temporary marrow hypoplasia followed nitrogen mus 

therapy m eleven eases studied with serial marrow punctures Ery^hro ' 

pression was noted within twenty-four hours and granulocync dc^sioa vvi i 
forty-eight to seventy-two hours The megakaryocy-tes proved to be = , 

sistant of the marrow elements The marrow picture usually return 
spontaneously within a period of six to eight weeks after the cessati ‘ J ^ 

XI Lymph node punctures revealed degeneration and P> 
within twenty-four hours after the institunon of therapy JJ,, 

ual disappearance of polymorphonuclear neucrophiles. |^’/,^onsc«:ed 

reticulum cells and Dorothy Reed cells biliary oci o n thcrapi 

in a gland obtained at post mortem seven days dj.ng y 

IX Mihary foci of necrosis were demonstrated in the 3 
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tween nine and nineteen days after the institution of HN • thcrap) No such findings 
could be found in a ease in which death occurred fifty-four da) s after the initiation 
of therapy 

13 The therapeutic results with HNs in Hodgkin s disease appeared to have 
little relationship to the histologic appearance of the involved tissue The unmcdi- 
ate response in so called Hodgkin s sarcoma was particularly striking, and in one 
case, a remission lasting about a year took place 


Conclusions 


I Nitrogen mustard (HN-) is a useful drug in the treatment of Hodgkin s dis- 
ease, particularly in severe eases with marked constitutional symptoms and visceral 
involvement In these cases, a period of complete rehabilitation and a definite in- 
crease in life span of from two months to two years may follow the use of one or 
several courses of HNi 

1 HNi appears to have an almost specific affinity for the abnormal tissues of 
Hodgkin s disease Although a chemical without any radioactivity, its effects re- 
semble closely those of x-ray It is however often effective in producing complete 
remissions in cases that have proved completely refractory to continued x-ray ther- 
apy A resumption in radiosensitivity may follow the use of a course of HN- 
therapy 


3 HNj offers certain advantages other than simplicity of administration over 
* ray therapy Its quick action by intravenous route often results in a simultaneous 
reduction of all affected lymphoid tissues In involvement of the spinal cord or 
peripheral nerves, HNj is far more effective, particularly in pain relief, than is 
X ray HNj is likewise more effective in bringing about relief of fever and severe 
generalized itching than is x-ray The one outstanding charaCTeristic of the drug 
IS its effectiveness in inducing complete or partial remissions in certain generalized 
or febrile cases that have been completely unaffected by persistent x-ray therapy 
Repeated remissions may be induced by giving repeated courses of HNi 

4 In relatively early cases of Hodgkin s disease, x-ray therapy is the treatment 
of choice, primarily because longer remissions can be obtained than with HNj 

owever, it is possible that the best form of therapy, even in these cases, is that 
0 the combined use of HNj and x-ray, the HNj being given for its effect upon 
proliferating cells which may either be at a distance from the local lesion or else 
so situated as to remain untouched by x-ray 

5 With cautious use of the drug, the reactions following HN 2 therapy are rarely 
St' ere enough to militate against its use Severe granulocytopenia can be handled 
^phylactically by the use of penicillin Severe thrombocytopenia rarclv occurs 

c Only definite contraindication to the use of HN 2 is the presence of jaundice, 
'0 icating some degree of hepatic dysfunction 

Doses of HN - somewhat smaller than the generally recommended one of o i 
weight are usually completely effective and are furthermore 
pt uctive of minimal reactions 

7 As With all \ery quickly acting and potent drugs, HN- must be used with 
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gnat care Proper^ used, n has awe// defined place in the treatment of HodeJun s 
disease Although cures arc not to be expected and remissions arc temporary such 
remissions offer great comfort to the patient scnouslp ill with Hodgkin s disease 
it IS possible that HN; may be the forerunner of other even more effective chemo- 
therapeutic agents 


REFERENCES 


' Ma»siiau. E k. Musurd^ii J A M A 7^ 684 1515 

"Mandel,M andGibsok W S Qioical m»nifcst»cion 5 and trettincnt of gjs poisomnr J A M A 
it 197c 1917 

' PArpeNiiuiiEa A M , and Vance, M The effect of intra\enoiu injccuons of dichlottethyl inlfidc 

in rabbits tvith special reference ro its Icucotoiic acuon J Eip Med jt 71 ijii 

* WASrniN A S and Wbcxee C V The lesions of the respiratory and gastroinrcstmal tracts pro- 

duced bj mustard gas (dichlororthyl sulphide) J Lab & Om Med 41 1x3 1515 
‘ Linch V , Smith, H \V and Maeshale, E K On dichloroethyl sulphide J Phann A Eipa- 
Thcrap ij iS}, ipi^ 

Keumbhaae E B and Keumbkaae H D The blood and bone marrois in ycliois cross gas ^luustatd 
gas) poisoning J Med Res 497 >919 

^ Gilman A , and Phiups F S The biologic acuons and thcrapeuDc applications of the B chloro- 
ethyl amines and sulfides Science loj 409 1946 

* Jacobson, L C Nitrogen mustard therapy J A M A 163 1946 

’Goodman Z. 5 H'inteobe M M Oameshbk tV Goodman M.J Gilman A ahdMcZenkak 
M T Nitrogen mustard therapy J A M A rya ii£ 1946 
“ WiKTaOBS M M AND Huoublt C M Nitrogen mustard therapy for Hodgkin I discas lympho- 
sarcoma the leukemias and other disorders Cancer a 357, 1948 
C*AV«a L F Recent advances in the tteatment of lymphomas Icnicemia and allied disorders Bull 
Ness York Acad Med ay 3 1947 

“Zaves R P Ja Doan C A and Hostbu H A Studies in Hodgkio s syndrome Nitrogen 
musurd therapy J Lab geClin Med yy toot 1948 
u ApThomas MIR Arro Collusibinb H Nitrogen mnstard in Hodgkm s disease Lancet / 899 


'9^^ r, L 

** Alpert L K and Peterson S S The use of nitrogen mustard in the treatment of lymphomata 
Bull U S Army Med D-pc 7 iSy 1947 

'* Talbott J H Clinical manifestations of Hodgkin s disease Ness York State) Med v 1883 1947 
'• Hettio R a Results of methyl bis (bcu chloroethyl) amine hydrochlonde thenp) J Db A 

Oin Med ya 1431 1947 l w 1 ,, 

‘t SHEtRY M Nitrogens in the tteatment of Hodgkio s disease and lymphoiarcoraa South J a 

ii8 1948 „ , 

'• Wilkinson J F and Fletcher F Effea of B chlorocthylaminc hydrochlorides in Jculcroia ti g 

Lin s disease and polycythemia vera Lancet a 540 1947 j V 1 I Biol 

” Tapeel M Experiences in the tteatment of neoplastic disease soth niirogcn mustard acj 

« H H To^sr j N and Nbsvnan B A The mflutnee of nitrogen mustard on mycosis 

PmiXfo S°WwDBLNf A R AND Walor.it G a Nitrogen mustard in the arrrmmr cl 

aaair^rjti^ FJ N.ttogen mustard therapy m cu 

lancousbUstomatous disease J A M A syy 1113 1947 nitroe-n mustard m th 

«k.e.laND R R Watkins C H and Shullenberoe, C C The us. 0/ n.trar 

treatment of mycosis fungoidcs J Ins Derm ; 19 s i947 , M J yi n >H' 

ai Snider, G E. '"‘f ^uch niDogcn musi.M in iheir^^ 

»KARNomKr,D A RTal. A tentansseanalysiso/results ohtain d ss.ih nitrogen 

ment of carcinoma of the lung Unpublished data 



DANtESHEK, WEJSFUSE AND STEIN 


379 


** A tentative analysis of results obtained vMth nitrogen mustard in miscellaneous types of neo- 

plastic disease Unpublished data 

Chemotherapy of neoplastic disease III Agents of clinical saluc Ncs\ England J M 193 

1948 

^*Aksi.ow,W P Kaenoiss:y D A , ValJagee, B , and5mitii H W The toxicity and pharmacologi 
cal tenon of the nitrogen mustards and certain related compounds J Pharm A. Exp Thcrap) p/ 

11^ 1947 

^KAiKorsrr D A Geaef I, and Smith, H W Studies on the mechanism of action of nitrogen and 
sulfur mustard in vi\o Am J Path 24 175, J5K8 

Bouesnbll, j C , Cohen, J A Dixon M , FuANaa, G E Osevillb G D Needham D M , 
AND WoRMALL A The fatc of iDjccccd mustard gas (containing radio-acti\c sulfur) in the 


animal body Biochcm J 40 756 1946 

Fiudinwald, J S , and BuscHitE W Studies on the physiology biochemistry and c> topathology 
of the cornea in relation to the injury by mustard gas and allied toxic agents V Nuclear fragmenta- 
tion produced by mustard and nicrogcn mustard in the comeal epithelium Bull Johns Hopkins 
Hospiul Xi 161 1948 

** Dameshb: W a method for the simultaneous cnumcrauon of blood platelets and reticulocytes 
Arch Int Med /e 579 1931 

®Sfdii C L. Jacosson L O Smith T R andBaeeon E S G The clinical application of a nitro- 
gen mustard compound methyl bis (B chloroctbyl) amine to the treatment of neoplastic disorders 
of the hemopoietic system Cancer Research 7 51,1947 
Jacxson H ANDPAarEt, F Hodgkin s disease NcwEnglandJ M 1 1944 

A Spinal cord changes in lymphogranulomatosis Arch Neurol & Psychiat 26 1009,1931 
* Bodis>jell, j C , Fuancis G E AND WoEMAix, A- Thc jmmonologic properties of proteins treated 
with mustard gas and some related compounds Biochcm J 4 » 768 1946 
^^Graef 0 Kaenokky D A ValJaobr, B Kjhcrbsct, B and Smith H \\ The clinical and 
^ P*tfioIogiceffcccsof the nitrogen and sulfur mustards in laboratory animals Am J Path 24 i 194S 
Rosenthal E Nitrogen mustard therapy combined with splenectomy Lancet / 408, 1948 
^ Ueteaoa O B Tratamicnto dc las Leuccmias con Alkilaminas Peru, 1947 
Btooii M A and Bloom W A The radioscositivity of crythroblasts J Lab 8c Clin Med 72. 

654 194S 

Kindxed j E Histologic changes occurring m thc hemopoietic organs of albino rats after single 


^ injections of two chloroctbyl vesicants Arch Path 44 L53 1947 

AKEtoN G R CouRTicE F C , AND JoNEs R P Thc cffccts of B B' dichlorocthyl mcthylammc 
on thc blood forming tissues J Path &. Bact 77 4x5 1947 
^ M SiuRR C L Jacobson L O and Smith T R Histopathologic effects of nitrogen mus- 
41 ^ therapy upon normal and ncoplasuc hcraatopoicuc tissues Am J Clin Path li 671 1948 
^ S The histological effects of nitrogen mustards on human tumors and tissues Cancer / 383, 
1948 

^^^hmexman H Quoted in reference 37 

aeron E S G , Baetlxit G R Miixer Z B Meyer J and Seeosuller J E Thc effect of 
muogen mustards on enzymes and tissue metabolism I Thc effect on tissue metabolism J Esp 
Med J; 503 1948 



PREPARATION OF STABILIZED SOLUTIONS OF HEMOGLOBIN 

Bj) Robert B Pennell, Ph D . and William Eluott Smith, B S 

Touring the rtccnc war the need for whole blood for m oxygcn-caminr 
capacitj and the supply of human red cells derived from the plasma proKtam 
revived interest' '* in the long controversy as to the usefulness of hemoglobin 
solutions in therapy That there should have been such a controversj was due in 
large part to the lack of availability for study of a standard hemoglobin solution 
of high stability prepared with adequate bactenologic control, and to the const 
quent difficulty of interpreting much of the published work This has been empha 
sized by Hamilton, et al ' We had the privilege of working with two of the groups 
sshich undertook the reinvestigation of this problem, that of Dr William R 
Amberson of the University of Maryland Medical School and that of Dr Donald 
D Van Slyke of the Hospital of the Rockefeller Institute, N Y From the work of 
each of these groups a standard hemoglobin solution suitable for clinical scudywjs 
developed ' ’ * 23 Stability of these solutions could be maintained, however, 
only by special treatment, exhausnon of oxygen by high vacuum in the one instance 
and refrigeration in the other 

Hemoglobin in solution exists in three forms”’ which are in equilibrium, two of 
s\ hich, oxyhemoglobin and reduced hemoglobin, are physiologically active 0 1 1 
they can act as oxygen earners) and one of which, mcthemoglobm, is physio- 
logically inactive One of the physiologically active forms, reduced hemoglobin, 
is stable* ” ” and the other is not ‘ The instability of hemoglobin in solution is 
first manifested by its conversion to the physiologically inactive methcmoglobin 
The three forms of hemoglobin also occur within the red cell, which is so con 
structed, however, that the hemoglobin within it is maintained in an active oiy 
gcn-carrying form, the inactive methcmoglobin being kept at an extremely ion 
level In the course of our studies wc found methods of preparing solutions 
of hemoglobin by which the mechanism for maintenance of its oxygen carrying 
capacity was preserved This resulted in a hemoglobin solution which would cob 
vert Itself to the stable reduced hemoglobin fonn,^' thus obviating the speaal 
treatments usually necessary for storage of the solutions The present study is 
concerned with delineation and demonstration of the factors of importance to t e 
preparauon of this type of solution 


Methods, Tests and Equipment 

Total hemoglobin and mcthemoglobm contents of hemoglobin solution w ^ 

Eselyn photoelecmc coloomctcr employmg the method of Etclyn and Ma oy 
tamed were found to cheek well with those obtained m other laboratones 

The pH of solution, was determined by glass electrode without ddution o „ 

Sodium and poussmm concentrations of solution, were dwermined MmiraiOT Reqmremmii fx 
Test, for pyrogenic mbstanccs svere earned out m accordance wit lo.nruie o/HjIih 

Pyrogen Tests on B iologic Products from Blood Scrum Nor ig 154S 

FromtheDepaitmenro/Immnnochcmisto Sharp and Dohme Inc GIcnoIdcn P 7 
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Sterility tests and animal safety tests were earned out in accordance with the Federal Hcf;ister of 
September 16 1947 as amended in Januarj 1948 Since hemoglobin solutions form precipitates when added 
to the culture medium used in the stenlity test subcultures were made at the end of one week and the 
final test was read two weeks after the date of testing 

Pyrogen free water was prepared by double distillation followed b) immediate use, or b> immediate 
storage at 1 C for not more than sixteen hours 

Total reducing substances and nonfermcntablc reducing substances were determined b) the method of 
Benedict 

Inorganic phosphorus w as determined by the method of Embden and Fetter 

Lipid phosphorus was determined by the method outlined in Quantitative Clinical Chemistry, 
by Peters and Van Slyke vol II page 884 i«t Edition, 1931 


Preparation of Hemoglobin Solutions 

Stimt §f Bind Oils Sterile human red blood cell residues were obtained from commercial bleedings 
from the plasma processing unit of Sharp and Dohmc The bleedings were drawn in sodium citrate 
solution and approximately seventy two hours elapsed between the time of bleeding and the time that 
the red cell residues were av ailablc for hemoglobin preparation 

Gtntrsl Mettnms Obstrvtd Rapidity of operation and maintenance of optimal working conditions were 
employed rather than aseptic handling during preparation of the solutions Starting with sterile red cells 
the entire operation was invariably completed and the final solutions sterilized w ithin the course of eight 
hours All work was performed at 1. C in a laboratory equipped with Stcnlamps All equipment coming 
ID comia w ith the solutions was carefully cleaned and rinsed with pyrogen free water immediately before 
use Pyrogen free water was used throughout for all dilutions and all solutions added to or coming in 
contact with the cells and hemoglobin All hemoglobin solutions were submitted for sterility and for 
pyrogen and safety testing immediately after preparation 

Wgjbtni ef Rtd Blotd Oils From a to 5 liters of packed human red cells were washed by sus 

pension in i volumes of 6 per cent dextrose solution containing o 15 per cent nicotinic acid amide and 
OC06 per cent ammonia followed by centrifugation in a laboratory model Sharpies Super Centn/uge 
usng the Sharpies blood separator bowl With this bowl the wash solution is delivered from one outlet 
and the washed cells from another The cells were ruptured during centrifugation and were caught in a 
container holding a small amount of nicotinic acid amide solution (containing sufficient nicotinic acid 
zmidc to provide 0 15 per cent in the estimated final volume of solution) The washed, ruptured cells 
vroe diluted With a volumes of dextrose solution ( ufficicnt dextrose is used to provide 6 per cent in the 
esmniicd final volume of hemoglobin solution) 

Brtttpitgiion ef Strema ' The mixture was adjusted to pH 5 7-5 8 with o 1 N hydrochloric acid at which 
pH the stroma was readily removed by ccncnfugacion m a large Sharpies Super Centrifuge using a clarify 
mg bowl The addition of the acid was accompanied by brisk mechanical stirring The aad was allowed 
m run in a thin stream from a capillary pipette near the vortex of the stirring solution Approximately 
ofo 1 N hydrochloric acid per liter of solution may be added before determining the pH 

ef Exzess Betasstsem ^ The centrifuged mixture was treated with sodium zeolite (dccalso)* to 
ucc the potassium content Approximately 30 Gm of sodium zeolite per liter of soluuon was added 
^ the mixture was stirred gently for \ hour after which the sodium zeolite was allowed to settle for 
*cn to fifteen minutes The solution was then decanted 

to the Final pH and Ccmposttim Sufficient solid sodium bicarbonate was added to the tolu 
^bc hydrochloric acid added and to provide a slight excess * It was found that 7 9 Gm 
non 'carbonate per liter of solution provided a pH of 7 2. to 7 3 at this point The final concentra 
0 hemoglobin was adjusted to approximately 7 per cent that of dextrose to 6 per cent and that of 
*midc to o 15 per cent To the solution was added, per liter, 5 cc of ammonium hydroxide 
^lon T* Baker s A C S ammonium hydroxide to 100 parts of water) to provide a concentra 

_ pe r cent NHi 4CC of i per cent mcrthiolatc (to provide a concentraaon of 1 x3,ooo) 14 mg 


^^^lanufictured b) the Permunt Co New \ork N \ Since earlier work had indicated the occa 
pfcvencc of p>Togenic material in decalso it was alwavs washed as desenbed by Smith and Pennell 

J r-s 1947 
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mr Mna per cent .olut.on) xjmg CoCl, 6 Hrf ?0 15 cc ofx t«ecnt solut.on) xndtpj 

mg MnCI 4 H,OCo^cc cent solution) provid.ngo r milliraolxr eoncentr.non of aeh of L 
mnx/i and 10 mg of n.le blue (i cc of i per cent tolntion) In x few of the Ixtcr toluuoni j Ga ntr 
liter of the ca/aura salt of heaote diphosphate* «as added before stirring mth decalio The 0 ++ 10m 
iTttv fc/TfOt tfa /fofn solution by ebe too exchange igcoc 

bj Filtraiim The solution tsas filtered through K6 clanfjong pads and itcnliral by 
filtration through pads using a Republic filter press The clear red filtrate teas caught in a sterile bonk 
^taming a stenic spphon lehich could be used for filling the solution into a senes of small contamen 
Samples taken at the time of filling these small containers were tested for pj-rogcnicity stenhtg and 
safer) The solnt/ons ii'cre held an C until the completion of these tests 

Properties of Hemoglobin Solutions 
Solutions prepared according to the procedure just described were crystal clear 
and of deep red color The hctnoglobin of the solutions was more than 58 per cent 
active Thorough examination indicated complete inability of the solutions to 
agglutinate A, B or O cells Examination of the serum of patients before and two 
weeks after the injection of these solutions has shown no increase in the titer of 
anti-A and ann-B isohcmagglutioios Lipid phosphorus determinations showed 
chat upon removal of the stroma less than 10 per cent of the lipid phosphorus 
remained in the solution, a figure corresponding closely to the 5-10% of lipid 
carhon reported by Hamilton, et al ' In a tjpical preparation the soluoon con 
tamed 5 56 milliequivaleocs of potassium, as compared to 19 millicqmvalents 
before decalso treatment These solutions, when in sealed containers with little 
air space were complecel) converted to reduced hemoglobin in one to nvo da)s 
at 37 C , in nvo to three days at 15 -17 C , or in seven to eight weeks at 1 C Dunng 
this conversion the presence of roethemoglobin in quantities greater than 1-3 per 
cent of the total pigment was not detectable by daily examination The reduced 
hemoglobin so obtained has been observed for went) four months at 13-17 C 
without a change in the percentage of active hemoglobin There may be, howcs'cr, 
gradual deposition of a sediment dunng this time, the amount of sediment being 
a function of the speed of disappearance of oxygen, the amount of oxygen to be 
consumed, 1 c , the amount of air space in the bottle, and the temperature 0 
storage No noticeable sediment has been encountered in soluuons stored at i 
(Cursor) examination of the sediment has shown it to be m part carboh)'dHre m 
nature, giving no reduction before hydrolysis and indicating a mixture 0 i 0- 
and keto-sugars after hydrolysis ) Shaking of the solutions, with consc^ent loam 
formation, may result in the appearance of films due to surface ^ 

None of these phenomena has been found to have influenc^ ctecta 
methods employed on the activity of the hemoglobin i«elf These ^ ' . 

themselves readily to lyophihzation as will be described in a subsequ p 

hcation 

Effects or Various Steps on the CAPaaTV op the Solutions to Form 

Reduced Hemoglobin ^ 

Neill'^ showed that since oxyhemoglobin and 
colors, hemoglobin solutions m sealed containers could ^ct as 

* SchwattiLaboratotr Inc, Nen York N Y 
■t Republic Filter Corp Patetson N } 
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loss of OX) gen from solution due to the action of enzyme s) stems which he added 
Warburg'' had similarly made use of this phenomenon in following respiration of 
intact avian red cells Neill showed that when removal of ox)gen from solution 
was rapid, the accutuulauoa of methemoglobiti did not occur It has since been 
shown by man) workers'" that methemoglobin itself may be reconverted to 
acuve hemoglobin by the action of cnz)’mc systems Evelyn and Malloy'"’ developed 
methods based on the light absorption of the cyan derivatives of these pigments 
which allow this interconversion to be followed quantitatively The aging data 
reported below were obtained by measurements of the accumulation and disajj- 
pearance of methemoglobin by the method of Evelyn and Malloy in sterile hemo 
globin solutions stored in sealed vials with a small amount of air space A separate 
vial was opened for each determination and was then discarded The aging test 


Table i — Changes in Vjdmng Substances and Inorganic Phosphorus Durtftg Preparation of Hemoglobin 

Solutions 

L Cell residues obtained imracdiaccly after bleeding II Cell residues obtained from the plasma 
ntut (approx seventy tuo hours after bleeding) III Washed cells IV Hemoglobin solution 
after removal of sironia V Hemoglobin solution after treatment \>ith dccalso VI Hemoglobin 
solation after filtration No dextrose ssas added at any stage of this study 



Mg per gram oI 

Tout reducing 
tubsUnces 

Nonfermefi table 

j reducing substances 

Inorganic P 

I 


i 

0 98 


' r 6 

0 90 

4 4 


1 * ” 

1 1 

I- 55 


1 I 7 

0 8j 

3 °5 

VI 

1 ' 5 

0 48 

L 62. 

I I 

1 0 42. 

2, ll 


for a particular solution was considered to be completed when the accumulated 
Biethemoglobin had been reconverted to hemoglobin, or, when methemoglobin 
iccnmulation was not detected, upon the appearance of the typical grape-)uice 
color of reduced hemoglobin 

fbe data to be presented are strictly comparable only when obtained from a 
'‘Ogle pool of cells In table I It IS evident that the amount of fermentable reducing 
"wtanccs m the cells obtained from the plasma laboratory was much less than in 
'•c s from a fresh bleeding, and at the same time, the inorganic phosphorus was 
evated It IS well known that after exhaustion of the available sulistrate, red 
cannot be restored to their original state of metabolism ' The status of the 
Cells to be used for preparation of the particular type of hemoglobin solution 
cr discussion will, then, be vet) important in its effect on the properties of the 
"tion Uncertainty as to the exact state at which a given batch of cells might be, 
'"2tcd the finer comparisons being made only from a single lot of cells 
the” ^ described below, with the exception of that of hgure i, 

of preparation was as described above, with onh the variations 
in each case None of the solutions with the exception of that of hgure S 
^°"'>'ncd hexose diphosphate 
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Fio 1 — Aoino o> a Hemoglobin SoLtmov pREPAmeo Br the Method or Hamilton et m-* at Room 

Tb^iperatork 


seventh day At the ume this particular study was made, the methcmoglobin con 
teat was being determined at weekly intervals Later studies with dad) deicf 
minations have revealed no deviauon from this curve The upper curve demon 
strates that during storage there was no loss in total pigment content Examination 
of these solutions for the presence of reducing substances following convenion 
of the pigment to reduced hemoglobin has revealed a drop in reducing sufasiances 
from the onginal 6 per cent to 0-3 per cent , 

Figure 3 illustrates that when dextrose was used, both in washing 
in the final solution, but neither nicoanic acid amide nor 
methemoglobin gradually accumulated and then and 

to reduced hemoglobin If no dextrose was used, but both mcot 
ammonia were used there was no reconversion of methemoglobin 
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3- Aoiko at Room Temperature op a Hemoolomn Solutiov Prepared by the Methods 
Ducubed Above 

Per cent of hemoglobin appearing as racthcmoglobin 
Grams per cent of total hemoglobin in the solution 



Flo 


OF Dextrose ok the Aoino or Hemoolosik Solutions at Room Temperature 

J^fiing data for a hemoglobin solution m the preparation of uhich dextrose alone was 

— — which the stroma was rcroo\cd without ad)ustmcut of pH 

— -- ^ * "^shed in I per cent sodium chloride solution but the soluoon made up as usual 

■ — ^ II* ''ashed as usual but no dextrose added to the solution after washing 

o dextrose added at an) stage of preparation 



fiTABIUZBD SOLUTIONS OF HEKfOGLOBIN 

'V? containca dextrose reconversion of 

mcthcmoglobin was again seen If the cells were washed with 6 per cent dextrose 
solution but the solution was made up in physiological salt solut^Tn reconversion 
was slow and partial These data indicated to us that the presence of dextrose in 
the final solution was essential, and its presence m the wash water desirable 
It IS interesting to note that maintenance of the cells and the hemoglobin con 



Fia 4 — ErrecT of Nicotikic Aqd Amjdb on Aoino or Hewooiobik Solutiovs at Room Tcktexa 

TUAt 

Aging d«ta for a solution made without addition of njconnic acid amide at 

stage 

o 075 per cent nicotmic acid amide m final solution 

013 percent nzcoanic aad amide in final soJoboo 

— -C1.3 per cent nicoanic aad amide in final solunon 


suntly in the presence of dextrose alone will bring about reconversion of t e 
mcthcmoglobm Three Iocs of cells were used m these preparations 
Figure 4 shows the effect of mcounic acid amide on reconversion of met emo- 
globm to reduced hemoglobin The upper curve shows aging data from a 
made without atcoamc aad amide at any stage Reconversion of c m't 
globm formed was slow and incomplete The three curves at the ttom 
graph represent a single hemoglobin solution, divided into 3 

o .5 p., .nd o j «»..». j'';!,;, 3 

rcspccnvcly Although as seen from figure 3 dextrose is cssen , 
nicotinic acid amide is self evident 
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Figure 5 The solid curve represents aging data obtained with a hemoglobin 
solution in which the neutralization of hydrochloric acid and adjustment to pH 7 3 
was achieved with ammonium hjdroxidc Neutralization with sodium hydroxide 
and the addition of ammonia was also effective The two higher curves represent 
neutralization with sodium hydroxide and potassium carbonate with no ammonia 
addition While not essential, ammonia is obviously advantageous to reconversion 



5 Etf BCT Of Ammonia on the Aoino or Hemoolosin Solutjoni at Room Temperatuee 
^'B’oglobin solution adjusted from pH 5 8 to pH 7 3 with ammooium hydroxide 
Hemoglobin solution neutralixed with sodium hydroxide and o 006 per cent ammonia 
added 


Hemoglobin solution neutralized with sodium hydroxide 
stage 


Hemoglobin solution neutralized with potassium carbonate 


suge 


no ammonia added at 
no ammonia added at 


any 

any 


Curves m which an attempt was made to cvalu- 

nn. t amount of ammonia all coincided with the base line, and arc 

not shown 

Flpiir^ ^ Til r 

Petals exchange agent made it seem likely that traces of 

'ons some of the enzyme systems might be removed Mg++ and Mn"*^ 

^ important to the action of some enzymes and it has been 
''f« of Mn++ and Co++ may have protective action against certain 

obtained °f enzyme systems The central curve represents aging data 

scjnj n solution to which no metal 10ns were added The dotted line repre- 

er portion of the same solution to which Mg++, Mn++ and CO"'^ 10ns 
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were added Reconversion was much quickcna this solution To 
the control solution, stenle solutions of manganese chJondc alone 
alone and magnesium sulfate alone were injected The aging data 


separate vials of 
, cobalt chloride 
sverc similar for 



Fio 6 Errecr or and Ions ok tub Aoino or Hjdjoolohn Solutiovj at Room 

TBHreRATUItE, 

Hemoglobin solncion containing no added Mg'*^, Mn'*^ or Ctf*^ lonj 

^ poruon of ciie same facmogfabin solotion wth o i millimole of Mg** Co** 

added 

A portion of the same hemoglobin solution mth o i millimole of Co**aildeJ 



Pjq y — Ettbct or Nilb Blob on thb Aoino or HESioatoBiw Solutiohs at Roow TesfrBtATusi 
Hemoglobin solution containing no nile bine 

— ^ portion of the same hemoglobin solution coniaining 0.001 per cent me uc 


each set and are represented by the solid line curve 

the appearance of incthcmoglobin was unexpected and its s gn 

7 A hemoglobin solution was made containing no ndc blu^ 
non of this solution nilc blue was added The results arc evident from gr p 
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Fig 8 Eitect or Hexose Diphosphate on Aging of Hemoolodin Solutions at Room Temper atuke 
H emoglobin solution containing no hexose diphosphate 
A portion of the same solution containing o 1 per cent of hexo«c diphosphate 


2 

CD 



Flo 9— ErTLCT F 

fu^TxATiON ON Aging of Hesioolobin Solutions at Room Temperature 
trough an S^ pad 

ratio ^1 of the same solution filtered through an S-3 pad 

to uuon filtcrcd/pad surface area, was identical for the two filtrations 
Figure 8 A j 

‘''cfflorc ^ noted above hexose diphosphate has been incorporated in some of 
* tolution'^™' Itcinoglobin solutions This figure shows aging data obtained \% ith 
to one portion of which hexose diphosphate was added This portion 
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demonstrated a somewhat more active reconversion of methemoglobm than did 
the portion not containing hexose diphosphate 
Figure 9 demonstrates the importance of the type of filter pad used for stenlita 
tion of hemoglobin solutions A hemoglobin solution was divided before stenlmng 
filtration, one pomon being filtered through a Republic S6 pad and one poraon 
being filtered through the finer meshed Republic S3 pad The ratio of the volume 
of hemoglobin soluuon filtered to the pad surface was identical for each ponion 
It can readily be seen that the tighter pad removed something from the solunon 
that was important for the reconversion of methemoglobm to hemoglobin 


Discussion 

It has been reported by all previous workers that the ability of the cry throcyte 
to utilize dextrose as a substrarc is lost at the time of, or soon after, the disrupuon 
of the cell ^ •'* The present data suggest that these previous findings 

must be qualified, for if the cells are maintained in the presence of dextrose during 
hemolysis, the ability to utilize dextrose continues It is true that when the only 
precaution taken is maintenance of the cells in the presence of dextrose the utiliza 
non of dextrose after removal of the stroma is extremely slow When, hmvcier, 
ammonia, a known stimulant of respiration'* and nicotinic aad amide, a known 
protector of enzymic action,’' are also present, unlization of dextrose and con- 
sumption of oxygen arc appreciably accelerated In the presence of dextrose, nico- 
tinic acid amide and ammonia the additional contributions of added metals, nile 
blue and hexose diphosphate to the speed of consumption of oxygen from the sok 
tions is relatively slight The data suggest that the success of the preparation of 
the ty pc of hemoglobin solution under discussion is dependent on the mamtenanc. 
of as high a state of metabolic activity as possible in the red cell during die prepa 
ration This approach may well lead to the development of solutions of still higher 
activity One definite hmitation to the activity of such solutions is suggested by 
the past emphasis on the importance of the cell structure for the acnvity of the 

cellular enzymes “ " The data m figure 9 give indication chat some of the 

structurally important elements ate necessary to the highest activity and can 
be removed by further treatment 

The respiratory activity of the adult mammalian red cell is known to ^sm 
It was first clearly demonstrated by the use of dyes of proper oxidation uction 
potential “ ’ ” Methylene blue, the dye most studied m this connection, no 
only catalyzes the action of the cellular enzymic systems but also cau 
formation of methemoglobm from hemoglobin Ricsc” pointed out c at ni 
acted as a catalyst for the enzyme systems but did not catalyze t e o 
It was used in these studies for that reason „ 

Since the entire cell residues from plasma have to the self 

cannot be stated with acomacy that the ould no: 

reducuon noted The work of Bird’* suggests that their con 

^MrougVrhe solutions under discussion madily , 

chef“t L added hexose diphosphate further increases ihe rate FT 
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of OX) gen IS of importance since aging studies have indicated that the appearance 
of the reduced solutions improves in inverse proportion to the time of reduction 
The presence of spcafic enzymes capable of bringing about the actions observed 
has not been proven in this study The factors affecting the data reported arc 
highly suggestive that this action is enzymic, however It is hoped to pursue this 
study funher at a later date It is also hoped to find something of the nature of the 
by products formed 


Summary 

h IS possible to prepare self-stabilizing solutions of hemoglobin from human 
erythrocytes by the use of dextrose, nicotinic acid amide and ammonia during the 
preparation and in the final solutions themselves Co'*'’’, Mn"'"'" and Mg"*^ ions, 
nile blue and hexose diphosphate contribute to the speed of stabilization of these 
solutions Stabilization is obtained by the faculty of the solutions, presumably 
by enzymic action, to convert the hemoglobin to the reduced form and to maintain 
<r ID this form The hemoglobin solutions described arc suitable for intravenous 
idministration 
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THE EFFECT OF COB\LT 0 \ THE OXTGEN C\P\CITi \\D THE 
METHEMOGLOBIN CONTEXT OF THE BLOOD 

Bj ^LvR\ C BtcaERo, M S , \nd J\mes M Orten Ph D 

f jJ^THEORT as to tht mechanism of the p'oiuctton of poUccthcmia in the 
rac and several other speaes, b\ cobalt, is that this substance interferes s\ irh 
ccllclaroxidanve processes ' ‘One was in which such an cTect might he produced 
wield be bv an interference w ith the transpo't of or\ gen in the blood to the cells 
atberbvadecrcaseintheowgcncapaacs of hemoglobin itself orbs the foTuation 
m^cbemoglobin possibh containing cobalt in place of iron In the p-esent 
ins^nganon a studs svas made of the oxsgen capacits and the methemoglobin 
acv cobalt content of the blood of rats sshich had been maintained in a state 
pc vcjthatua bs cobalt administranon for a p>enod of at least six sseeks 

ExPERI StENT \L 

Wc. svcanlmg, albino rats Connecticut Agnculrural Expcnmental Stanon 
svcrc used Thes sverc fed an adequate ssmthenc basal diet described in a 
ons pubhcation - \ anous supplements w ere added to the basal diet in amounts 
^^^^^esenbed m detail m the above paper The groups studied included a control 
Wo o^d gi^cn cobalt alone (^77 mg rccrs-stallized CoSOj 7H O per 

Wlond i’ supplemented with cither choline (a o Gm cho'ine 

°^di*cl'^ ° ot evstane (i 56 Gm L cvstcinc hsdrochlonde per kilo 

P3tcd la g^o'ips of animals were part of a different studs to be rc- 

*F?rotiin'^ e amount of cobalt sulfate added to the diet supplies each rat with 

, an amount found in previous studies to p~o- 
^'^itennd lo the rat After the animals had been on experiment 

^nc Dol weeks and the cobalt-treated rats had developed the charac- 

^Ted m cicepaon of those given cvsteine, as ssnll be dc- 
for publicanon, thes were sacrificed and samples of blood were 

^^mdfive follosving m a n ner The animals were anestheared ssuth. 

hrpujjj Of '-‘ght ml of blood was drawn firom the heart into tubes containing 
^ small pornon was used fo" the total hemoglobin 
Otrtcl Was ^ -Jf ' hematin method using the Coleman spectrophotometer 
td ’^dieinorM, deter luinaaon of oxvgcn capaatv, i ml for the cstimanon 

fo" Cobalt. The temaindcr was reserved for a spcctrographtc anals-sis* 

svas determination of the oxvgcn capaatv of the 

p. ^ * niodtficaaon using the \ an Slvkc-XciU manometne appa- 

Checuscrv 'Uavnc Uniwrstv CoUr^ of MrtLoci Drrrc e 
^ ^ “X toe: i disscmaon pcoectrd bv Mirv C. Becaeo le pirrj fclcU- 

^ ^ rvrw- Master of Saecce M avee Umversicv ic.,S 

^ '•tir 




"r H.L ■ ■ , ^ V iMasrer o: 5aeccc nv avee Umversicv ic.,S 

end: befen tb: \ccncan Soawr E olcpeil Cbaausti a- tb: Cncaw 

ir- ^ ^ ^S^iua Sinl. qC cbe R«earoh Labc-a irraa Chrvsl:: Cc-pc-aeor 
t ' ‘pwrof-aphic acalvscs o' tb: sanr'es 
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ratus The mcthcmoglobm content of the samples was determined bv a coJon 
metric proc^urc outlined in Kolmer and Boerner ’ The remainder of the blood was 
carefully ashed and a spectrographic analysis for cobalt was made 


Results and Discussion 

In Tables i and i arc recorded the average terminal hemoglobin values, as deter 
mined b^ the aad-hematin and oxygcn-capaaty methods, and the average methe 
moglobin content of the blood of the various groups of animals It is evident from 
the data in the two tables that there is a close correlation between the hemoglobin 
values by the two methods and chat there is no significant amount of methemo- 
globin present in the blood of the cobalt-treated rats The greater variations (rotn 


Taiil* I Ttrmirul Htintflthit Vahti tf Ctrtnl and tf Cthals-tnalid Katt 
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amber 
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1 
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0 0 to —J 3 
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8 

uo 8 

1 19 S 

-f I ^ 

+1 S to -I 9 

Cobalt + Choline 

' 7 

19 L 

1 15 5 

-0 4 

+ i 410 -1 6 

Cobalt + C7$teinc 

7 

18 7 

X 7 I 

+ t 6 

-ft 1 to 0 0 


the average in the terminal hemoglobin and mcthcmoglobm values observ m c 
cobalt-treated rats, as compared with the controls, appears to be a result 0 
difficulties m obtaining and mcasunng blood samples in the former ^oups 
blood of the rats given cobalt was extremely viscous The spectro^p ^ 
of the ashed blood samples showed no more than trace amounts of co t 


The foregoing observations together thus \‘^,oa of w 

of the production of polycythemia by cobalt is not one of 
altered type of hemoglobin having a decreased ^S^;^^‘XtaLation oftbit 
It be atmbuted to the formauon of raethcmoglobin Funh . ^obih 

view IS afforded by the results obtained in the the Wood 

which demonstrated the absence "f“„°,„dEKch,cm‘vhofoc=' 

This latter observation is in agreement with that of Sta 









MAR'i C BUCQERO AKD JAMES M ORTEN 


397 


only traces of cobalt in the blood of cobilt-trcatcd polycythemic nts by a colori- 
metric method using nitroso-R-salt 


Conclusions 

A study has been made of the oxygen capacity and the mcihcmoglohin and cobalt 
content of the blood of rats administered approximately i mg cobalt daily for 
twenty weeks, in order to produce a sustained polycythemia 

No evidence of a decrease in the oxygen capacity of the blood of the cobalt- 
treated polycythemic rats was found, nor did the methemoglobin content difTcr 
significantly from the small amount found in the blood of control rats No more 
than traces of cobalt were found in the blood of either group by spcctrographic 
analysis 

These observations are interpreted as evidence that the mechanism of the pro- 
duction of polycythemia by cobalt is not one of lowering the oxygen capacity of 
hemoglobin nor of producing a methemoglobin, possibly containing cobalt rather 
than iron in the hemoglobin molecule 
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editorial 

Mctals in Blood, with Particular Reterence to Zinc and 
Carbonic Anhtdrase 


^T^HE PHYSIOLOGIC role of the trace metals was neglected in biochemicil 
J- investigations of the blood m the last decade, but recently interest has been 
aroused m their function in blood formation The term trace metals is unfor 
tunatc in that it has carried the implications that these elements cannot be meas 
ured quantitatively, that they probably occur acadentally, and that their presence 
is of no discernible consequence 

The development of precise microchctnical methods has given the whole scudi 
new impetus even though many of these methods are complex and difficult The 
needs of industry have given nsc to the formulation of excellent colorimetnc, 
flame photometric, polarographic, and emission spectroscopic technics, which arc 
accurate for the measurement of very small quintities of elements, provided the 
necessary precautions regarding scrupulous cleanliness and avoidance of contamina 
tion of reagents and glassware arc observed Although the availabihty of radio- 
active isotopes has further stimulated interest in the field, it is erroneous to 
conclude that these substances serve their greatest usefulness m replacing 
microchcmical technics, actually, the two serve best as mutually interdependent 
but supplementary approaches 

The investigation of iron metabobsm has been for years an imponant part of 
hematologic research The association of iron with hemoglobin and porphyrin 
pigments lends itself readily to spectrophotometnc analysis, thus making it a 
rewarding subject for study, especially during periods when good miaochcmtcil 
technics for iron itself were not available Knowledge concerning its metabolism 
IS therefore developed to a degree unique among the metals On the other hand, 
the relation of iron to the function of cytochromes, caulase and peroxidases in 
the erythrocyte is not established although it is known that these enzymes con 
tain iron Earlier physiologic work on cobalt and polycythemia' has b'en re 
examined recently in the light of new data on anemiis, particularly in relation to 
vitamin Bu, a cobalt-containing complex - After previous work,' copper, too, is 
being studied m relation to regeneration of hemoglobin and m regard to its to c 
la the hemocuprem found in red blood cells * These elements arc the on > ona m 
have been studied with any degree of thoroughness That titanium or vana i 
arc possible constituents of erythrocytes arouses no more than nu ’ 

although there is no reason for such an attitude other than the lack o i 
Available facts favor the assumption that many of the trace s 

function in association with protein molecules bound by S- ’ ^ 

porphyrin groups These proteins may be involved in horraM 
(includmg vitamins ) or may serve in functions of stora^ 
metallo^Lyme systems are now receiving an increasingly Urge 

attention 
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An example of the rapid development of knowledge regarding a trace clement 
IS afforded by zinc, recent studies in the distribution and physiologic role of zinc 
are the result of advances m the chemistr) of the rarer biologic elements and in 
nuclear physics and enzjme chemistry It has been found that Zn is a constituent 
of haman blood and is found in corpuscles and plasma These studies were stimu- 
lated by the finding that Zn is more concentrated in leukocytes than in erythro- 
cytes, as revealed by emission spectrography ‘ Subsequently, measurements have 
been made bj means of a colorimetric technic' which is accurate to one microgram 
The normal mean whole blood Zn level for males and females is 880 micrograms 
per cent, the normal mean plasma Zn 300 micrograms per cent, and 100 cc of 
packed erjthroc)tes contain 1440 micrograms ' Overall, 75 per cent of the whole 
blood zinc is found in the red cells, zi per cent in the plasma and 3 per cent in the 
leukocytes separated from whole blood by a method based on physical chemical 
principles * While a greater fraction of the total blood Zn is contained in the eryth- 
tocytes, cell for cell the leukocytes contain 2.5 times as much as the erythrocytes 
Statistical analysis of the data suggest that zinc is a physiologic constituent of 
blood in that its individual variations in concentration follow the pattern of 
commonly observed biologic distribution phenomena Actually, the metal occurs 
in quantities in the body which in modern biologic language can hardly be called 
traces 

Injection of radioactive 3oZn“ demonstrated its incorporation into the red and 
white blood cells of dog and man where it could be found as much as eight months 
after injection Its passage across the placenta of the dog into the young has also 
been shown,* and might indicate its physiologic need 
The nature of the protein to which Zn is bound in plasma is unknown at present, 
although preliminary investigations'' have shown that the metal becomes attached 
to the iron binding globulin" in vitro However, it is not known whether this is 
the transport mechamsm in the body 

The role of zinc in leukocytes is a mystery at present Its differential distribution 
among the various groups of white cells has not been studied Attempts at radio- 
active tagging in order to study the leukocytic life span have at best been incon- 
c usivc The possible occurrence of exchange of zinc across the white cell membrane 
contributes to the difficulties of interpretation, and, most important of all, the 
nature of the compound with which Zn is associated in the leukocyte is unknown 
c decrease of Zn in the peripheral leukocytes of patients with chronic myelo- 
lymphocytic and monocytic leukemia is, however, a startling abnormality 
c concentration of zinc in the leukocytes of these patients is approximately 10 
per cent of that found in normal leukocytes Under therapy with x-ray or urethane 
an in clinical remission, the falling leukocyte count is accompanied by a rise of 
Ic'cls Attempts at raising the Zn level of these cells and lowering 
cukocyte count by injections of stable zinc gluconate have not been success- 
hether leukemic cells are Zn deficient because they arc immature, or 
ct cr thc\ are leukemic because they arc Zn deficient is difficidt to evaluate at 
present Howeser, intcstigations of mouse epidermis” base shown a decrease in 
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2 n and other c/cments as neoplasia developed This is at least a clue to the fact 
that there is a rearrangement of the rarer elements m neoplastic tissues It is 
evident that It will be necessary to study all of the minor elements in leukemic 
cells before any conclusions concerning the true meaning of the decreased Zn con 
tent ma> be drawn Unquestionably, however, studies of Zn metabolism offer a 
new approach to Icukopoiesis 

More IS known concerning zinc in crythroytes Kcdin and Mann» recorded the 
presence of that element in the enzyme carbonic anhydrase, shown earlier by 
Meldnim and Roughton'* and by Stadie and O Brien*® to be contained in the ted 
blood cell The enzyme has a molecular weight of approximately 30,000 and coa 
tains o 3 per cent zinc The functional significance of the zinc in the molecule is 
shown by the fact that removal or inactivation of the metal by trichloracetic aod 
or by BAL'^ also inactivates the enzynne The enzymic catalyzes the reaction 
COj + H1O H*COi which otherwise would proceed at too slow a rate to permit 
life in mammals or birds It is evident that carbonic anhydrase may be as important 
in carbon dioxide transpiort as hemoglobin is in oxygen transport, yet the former 
has not been investigated thoroughly Studies of the enzyme in human and dog 
blood have shown that all the activity is in the erythrocytes There is none m 
plasma or leukocytes It is evident, tbenfort that %tnc exists in bkvd in several statu 
The carbonic anhydrase content and Zn concentration of the red cells parallel 
each other and vary directly with the hematoent level and the hemoglobin con- 
ccntration in congestive failure, anemia and polycythemia ” “ It is of unusual 
interest, however, that in pernicious anemia the erythrocyte zinc concentration 
and blood carbonic anhydrase activity arc in or close to the normal range despite 
low hematocrit cell percentages and hemoglobin values, the mean corpuscular 
zinc concentration and carbomc anhydrase activity are increased several times 
more than the high mean corpuscular hemoglobin and out of all proportion to 
the increase in cell size Normal findings develop in remission m a period of time 
commensurate with the known mean life span of pcrniaous anemia red cells, cn 
dcntly as a result of their being replaced by normal cells “ In other clmica^ 
conditions such as the postnatal state in infants,” the sicklmg phenomenon 
and paroxysmal cold hemoglobinuria” studies of the carbomc anhydrase system 
suggest a role of the enzyme in their mechanisms , 

Although the above findings relating to disturbances in enzyme acuvity an^ 
zinc concentration in vanous conditions arc of interest, their sigmncjuicc asss^ 
be stated At present, sufficient data arc not available on the physio 0 
borne anhydrase to make possible a dcfiniuon of its preasc ,5 

Thus, although it is known what the enzyme can do, what it actw 7 
known However, the observation that a dose P‘” ’^ “<j,„ons studied” 
eiy throcy tc carbonic anhydrase activity and zinc content in all ^ ^ ^ ^ 

provides a useful method for estimating the ammit ofrbe 
«lls, apparently all the zinc in erythrocytes is part ot th 

u u ^ airhnueh incomplete, call aiten- 

Thc present data bearing on zinc in the blood, althoug f 
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tion to the even larger gaps which exist in knowledge of other erythroc) tc metals 
and mctallo-cnzyme s) stems 

Bert L Vallee, M D * 
Mark D Altschule, M D 
Boston, Massachusetts 
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NEWS and' VIEWS 


BLOOD CLUB 

' The second annual meeting of the Blood Club wiU be held in Atlantic Cit) on 
May I, 1949 on the Sunday evening just pnor to the meetings of the Amentan 
Society of Oinical Investigation and the Association of American Phj'sicians 
Dinner svill be served promptly at 6 30 P M in Haddon Hall Hotel after wbith 
the following preliminary program, in the form of a panel discussion on Hem 
orrhagic Disorders Associated with Defective Coagulation, has been arranged 


A Introduction 

B Discussion of the Abnorrail Mcchinums in Coaguliuon m the Following Condition! 

1 HypipT0lbT0TnhtHtmta 

a Idiopathic and/or Congenital c 5fccM:dj7> ro liref 

b Secondary to Intestinal Absorption and/or to Dietary Defi d Sccondar) toDjcomiro 


cicncy 


Discussers k M BnnUious W H Scegers L. M Tocanuns 
Dijictencies in TUltlti 
a Throtnbopenia 

Discussers K M Bnnkhous W H Seegers L M Tocantin^^ 


b Thrombarthema 


3 Hvnopbtli* 

Discussers K M Bnnkhous C G Craddock F L. Munro L. M Tocannos 


c Anaphylacric Shcvl 

/ Secoodao 'o H-pann 
g Secondao D'Curoarol 

p L Munro 


4 Dtfiatney tn Acctlfruttr Globultn 
Discussers K M Bnnkhous W H Seegers 

5 CtTcvlaltn^Anlt-Cosp^ulsnts 

a Hemophilia 
b Idiopathic 
c Radiation 

c r Cic, c o 

This mtetmg is open to nil mwesttd P’’!’”'” f 
must be made by writing to Dr Lawrence The dinner g 

hotel prices nf rilifomia, tos Aneclw 

The Committee John S Uwrence, Univcrsitj of Califom 

Frank Bcchcll, Ann Arbor 
Joseph F Ross, Boston 
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THE CHEMISTRY AND FUNCTIONING OF THE 
MAMMALIAN ERYTHROCYTE \ 

By S Granick, Ph D 


Introduction 

T he ERYTHROCYTE has been one of the most intensively studied of cells 
Much of the data, however, remains isolated in specialized fields It was with 
the intention of bringing together and correlating some aspects of these speciilired 
fields that this review was undertaken If it can serve to indicate the complexity 
and beauty of design of this bit of protoplasm as a unit, as well as m its consatuent 
parts. It will have been worth-ivhilc 


I Development op the Red Cell 

Technic of Cjtocbemutry The recent advances m the study of red cell development 
arc due mainly ro the newer technic of cytochemistry The cytologist has for a 
long time made skillful use of vanous dyestuffs to study the changes in staimng 
of particular regions of cells and to observe the changing stainmg capaatics in the 
differentiation of the cells Within recent years, interest has centered on the inter 
prctation of staining in terms of the affimty of dyestuffs for special chemical group- 
ings of substances As might be expect^, the major forces in these staining 
procedures are of coulombic nature Thus, for example, basic dyestuffs, like meth 
yicne blue or brilliant cresyl blue, carrying posmve charges, appear to stain acidic 
substances, carrying negative charges such as the phosphoric acid groups in nucleic 
acid or the half-sulfunc acid ester groups of hepann ' Again, acidic dyes like eosin, 
with negatively charged groups, tend to combine more firmly with the posinve y 
charged basic groups like those on histones or on globm Supporting tec ics 
have now placed these interpretations of staining on a firmer foundation 
have extended our chemical knowledge of the cell substances Among sue sup- 
porting technics has been the Feulgcn staining for dcsoxyribose which as s 
that dcsoxyribose nucleic acid is limited to the chromatin of the nu cw 
intense absorption of the purine and pyrimidine components of nuc 
region of l,6oo A has been utilized by Caspersson in an ingenious t m ^ ^ 
tcrminc the location of these substances m specific regions o a ” ^ 

of enzymes for digesting away specific substances has shtnvn t e 
raatenals such as proteins, ribosc nucleic or desoxynbose nuc cic , ’ 

cells Advantage has also been taken of the cnz^ic ° particular 

in order to determine the location and activity of regions conum g y 
enzyme - * In addition, the dye-binding capacit)^ over a mo J ^ 
of the identification of proteins of high or low of Caspersson* have 

of the red cell usmg some of the absorption specua technics oruasp^ 
recently been reported in a monograph by Thorell 

From the Uboratoncs of The Rockefeller loittcute for M«hal Resattb New Tor 
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Cytochemistry of Ked Cell Development The transformation of a reticular cell of the 
bone marrow — a rather nondcsenpt kind of a cell, relatively small, with a nucleus 
poor m chromatin — into the mature red cell, is brought about by the little under- 
stood processes of nucleic acid metabolism, of protein synthesis and of differentia- 
tion Such processes are not peculiar to the red cell, but the manifestation of these 
processes is perhaps more readily apparent in this cell than in other cell types 
Although It will be possible to say little with certainty about these processes, it 
will be useful to examine the development of the red cell to sec what inferences 
may be drawn about these processes m chemical terms 
In the following description of the changes in red cell development the major 
data have been derived from the studies of Sabin’ and of Thorcll According to 
Sabm, reticular cells of the bone marrow endothelium, which develop in sinusoids 
temporanly closed to circulation, give rise to the erythrocytic senes On the other 
hand, those reticular cells which develop cxtravascularly give rise to the granu- 
locyte series If this interpretation of ongin is a correct one, then we have here 
a most interesting example of differentiation * From a chemical point of view the 
mechanism of this differentiation might be studied most readily in tissue culture 
by examining the effect of nutrition and environment on the kind of cell type 
which would arise A method for the culture of marrow has been developed by 
Osgood and Brownlee® and recently was modified by Plum ' 

Once the presumptive proerythroblast has been established, three phases of 
growth to the mature erythrocyte may be distinguished (fig 1) The first is a 
phase of rapid cell multiplication, then occurs a decline in growth rate Finally, 
Overlapping with this decline, a marked differentiation sets in, hemoglobin being 
synthesized concomitantly with a loss of other cytoplasmic proteins and dcsoxy- 
nbose nucleic acids 

The stem cell of the erythrocytic senes, the proerythroblast, is a cell ix 11 in 
diameter, containing a moderate number of mitochondria, a golgi net, a cyto- 
centrum and conspicuous nucleoli The chromatin of the nucleus contains desoxy- 
ribosenucleic acid The nucleolus and the cytoplasm contain only nbosenucleic 
»md The cytoplasm at this stage is high in ribose nucleic acid contaimng about 
5 per cent of its dry weight in this substance (fig i-A) The high content of ribose- 
nuclcic acid runs parallel with the basophilic staining which is maximum in the 
prwrythroblast At this stage, the cells multiply rapidly and one may therefore 
■n cr that there is taking place intense protein and nucleic acid synthesis both in 
* e nucleus and in the cytoplasm 

In the second stage, that is, in the early or basophihc erythroblast, the con- 
tcntration of cellular protein is at a maximum (fig i-B) and this is also reflected 
'n the Curve for the product of the number of cells times the cell volume, which 
attains a maximum (fig i-C) The basophilic erythroblast has a diameter now of 
(fig i-E) ribosc nucleic content of the cytoplasm has decreased to x per 
^■nit, the nucleus has lost its nucleoli and contains angular particles of chromatin 
n the late or polychromatic erythroblast the ribosc nucleic acid has further 

^ of diffcrcntunon in the cNoiunon of the blood formine tissues the account by Iordan*** 

ff^ommsndcd 
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diminished, paralleling the decreased affinity of the cytoplasm for basic dyes (fig 
i-A) At the same time, the staining with acid dyes becomes significant, which 
has been considered as indicating the increase in the relatively basic protem globm 
(fig i-B) 

In general, the cytologist has assumed that this mcrcased intensity of staining 
with acid dyes ran parallel with the development of the hemoglobin color of the 
cell, this would mean that globm and heme synthesis occurred simultaneouslv 
Measurements by Thorcll, using the strong absorption band of heme at 4,000 A, 
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t«lf, heme would be added to form hemoglobin only ^ h.gh, 
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high nucleic acid in the cytoplasm could form som 
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globin to prevent acidic staining) If it is assumed that the staining technic reveals 
the presence of globin, then it would appear that at a relatively late stage, in a 
Cytoplasm nch in proteins, these proteins would be gradually replaced almost com- 
pletely and exclusively by a single kind of protein, globin, that is, the curve of 
hemoglobin synthesis would also represent the curve of globin synthesis (fig i-B) 
In the normoblast or orthochromatic erythroblast of about 7 n diameter, cell di- 
visions no longer occur The nucleus has become small and pyknotic, mitochondria 
have disappeared, and only a trace of ribosc nucleic acid remains in the cytoplasm 
However, the hemoglobin concentration has increased from 1-2. per cent of the 
previous stage up to 10 per cent at the normoblast stage where it remains constant 
(fig i-B), the cytoplasm now stains intensely with acid dyes as would be expected 
from Its high globin content This stage of the normoblast lasts about two days 
Some ome after the loss of the nucleus, there occurs the flattening and appearance 
of hiconcavity of the cell Plum has recently claimed that the normoblasts give 
rise to mature erythrocytes by a process of budding off droplets of cytoplasm '* 
In the reticulocytes the stroma of the cell is 7. 5-4 5 times greater than in the 
normoblast Such reticulocytes contain more lipid than do the mature red cells 
and their surface is stickier The reticulocyte is of slightly larger volume and 
lesser density than the mature red cell Dustin” has demonstrated, using ribo- 
nucleasc, that the reticulum contains ribosenucleic acid The change from the retic- 
ulocyte to the mature red cell occurs in from one to three days According to the 
investigations of Plum,” there appears to be a thermolabile unripe ’ substance, 
especially high in concentration in the mucosa of the fundus stomach, which when 
tarried to the reticuloendothelial system is activated by tyrosine, resulting in the 
onuation of a fully ripe matunng substance present in blood plasma This 
niatnnng substance, acting on reticulocytes, is claimed to cause the disappearance 
of the reticulum 


Thorcll has found that nucleated megaloblast cells in pernicious anemia have a 
*gn content (4-5 per cent) of ribosenucleic acid in the cytoplasm and also contain 
emoglobin, the hemoglobin content increasing as the size of the cell decreases 
IS may be contrasted with the polychromatophile erythroblast where very little 

ose nucleic acid is present in the cytoplasm and the hemoglobin is increasing 
rapidly 


incc the metabolic end product of the nucleic acid purines is uric acid, the rapid 
Saturation of erythrocytes should be accompanied by an increase in excretion of 
“nc acid This is most readily observed m recovery from pernicious anemia where 
^Pproximately 10 Gm uric aad arc excreted in the unne for an increase in count 
I niillion erythrocytes per cu mm The increase in unc acid in the blood starts 
acid hours after the onset of treatment and the peak of the unc 

^ precedes the peak of reticulocyte production by twenty-four hours ” 
in / matures it differentiates into what is essentially a tiny bag, 7 n 

1 •containing hemoglobin During the differentiation the cell loses its 

cjtes'^’ ability to make desoxyriboscnuclcic acid In the reticulo 

vestiges of ribosenucleic acid arc seen as the reticulum, and at this 
' ribosenucleic acid disappears there has disappeared the ability to 
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synthesis hemoglobin and heme ” In the mature red cell very little oiveen is 
utiliKd for respiration (o 05-0 i cc oxygen per mg dry weight per hour as com 
pared with ten times this fate for the nucleated erythrocyte") From this fact it 
ma) be inferred that some portions of the cytochrome oxidase system are absent 
or nearly so According to recent findings," the cytochrome oxidase enzymes are 
generally contained in mitochondria The fact that mitochondna have disappeared 
from the mature ted cell, therefore, correlates well with its low oxygen metabolism 
Small but important concentrations of certain other proteins ate present Forex 
ample, an enzyme system remaining in the mature erythrocyte is the glycolytic 
system which appears to be a rather complete one This system serves to maintain 
the hemoglobin in the reduced or fiincuonal ferrous state In addmon, atalase is 
present to protect the heme from peroxide decomposition and carbonic anhydrase 
IS present to aid in the transport of CO3 as bicarbonate ions 


II CoMKlSlTlON OF THE WaTEB. InSOLDBIE CoNSTITtrBmS, 1 E , THE StEOMA 


When red cells arc hemolyzed, the soluble constituents flow away and there 
remains an insoluble residue of ghosts, the membranes of which have a thicLness 
of some ico-jco A This material constitutes about per cent of the wet weight 
of the original cell Of the stroma material, some 40-60 per cent is insoluble protein 
and some lo-ix per cent is lipid A method for the preparation of the stroma 
has been described by Parpart 

Propirtus of the ReJ Cell Surface Various properties, such as hemolysis with many 
different substances, selective permeability to anions, blood group mattnaJs, vinu 
affinities, etc indicate that the stroma is a complex or mosaic structure denved 
not only from the red cell proper, but also to some extent accumulated by accretion 
The red cell is a reagent of great sensitivity for the dctecuon of vanous substances 
if these substances can bring about aggluunaaon or hemolysis This sensitivity 
results from the fact that only relatively few discrete areas or specific groupings on 
the relatively large surface of the ted cell need to be acted upon in order to observe 
hemolysis or agglutination However, it has not been possible as yet to infer from 
the action of many of these reagents what specific groupings of the red cell mem 


brane may be involved . 

A subject of great interest at present is the mechanism by which some anim 
viruses bnng about the agglutination of some species of red cells For 
Hirst^° first found that the influenza virus brings about the agglutination 0 uman 
and chick red cells, and Horsfall et al =' have descnbed the agglutinantm of mo^ 
or hamster red cells by the pneumonia virus of mice On chick red cc f f 
areas for influenza virus were found to be very stable to treatment . , 
high temperatures and with a number of reagents, but they 
proteolytic enzymes, by penodate, as well as by several hOTts 
influenza virus itself, (1 e , the virus appeared to possess enz^ ^ 
concluded that protem seemed to be an essential constini f ^ , /present, 

cording to Hirst, in the IV-4 fraction of nonn^ “ ^^p/oMpot a^d this 
having certain properacs which arc similar to tho^ f P ^ prepared, 

substance docs not have the properties of a muon Dc Burg 
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from the erythrocytes, extracts which contain at least 50 per cent of polysaccharide 
and which arc capable of inhibiting specifically the hcmagglutmating action of the 
vims The effect is presumably due to competitive combination of this extract with 
the virus The vims appears to act on this extract, possibly enzymatically, as it 
docs on the red cell surface, 1 c , on prolonged contact of virus and the extract a 
change occurs in the extract so that it no longer binds the virus The influenza 
inhibitor has also been obtained from human lung If the virus is heated, agglutina- 
tion of the red cells still takes place but the enzymic activity seems to be destroyed 
Itmay be postulated either that the chemical groupings necessary for agglutination 
arc destroyed by the enzyme or that the enzyme activity brings about new group- 
ings which interfere with the groups taking part in the agglutination Hanig*’ 
has found that the electrokinetic potential of a human red cell is maximally de- 
pressed when about 300 influenza virus particles coat the cell, covering only about 
onc-cighticth of the surface Ordinanly, the electric mobility of the red cell remains 
unchanged in the presence of various proteins, including even the anti-sphenng 
protein of Furchgott 


Hemolysis, the escape of hemoglobin from the red cell under isotonic conditions, 
may be brought about by changes in different regions of the cell surface For ex- 
ample, surface active agents such as digitomn, saponin, lysolccithin, etc , may 
dissolve out fatty matcnals or may denature proteins in the cell surface, leaving 
holes suffiacntly large for the hemoglobin molecules to diffuse out Such agents 
nJay be effective in concentrations lower than would be needed to form a single 
monolayer on the surface Still more effective agents are the specific immune bodies 
such as the agglutinins and hemolysins 

The hemolysins may react with the red cell to cause hemolysis directly More 
Commonly, hemolysis appears to be brought about indirectly For example, ad- 
sorption of agglutinms apparently leads to some kind of injury to the cell surface, 
the agglutinated cells becoming mechanically more fragile, final hemolysis is then 
Drought about rapidly by complement or more slowly by mechanical trauma 
Brunius has calculated that some 30 antibody molecules would be sufficient to 
smsitize a red cell so that when some 6,coo molecules of complement arc added, 
D cell hemolyzes Sensitization or agglutination may also be brought about by 
Don specific substances such as silicic acid, tannin, or the protem conconavalin A, 
ere too, there is an increase in mechanical fragility, and the addition of com- 
P cfncnt also results in hemolysis The complexity of this phenomenon is illus- 
tra^ by the complexity of the composition of complement Complement appears 
*0 be a mixture of euglobulin, two mucoprotcins, and a heat stable compound 
containing phosphorus All of the components of complement must attach in the 
before hemolysis will occur 

^ther illustration of surface specificity is suggested by the phenomenon con- 
ckq with a cold hemolysin For hemolysis of red cells to occur in cold parox- 
Wh ^"^^S^Dibinuna, a hemolysin and components of complement arc required 
, stre chilled, the hemolysin and a component of complement arc 

othcr^ Then on warming, hemolysis will occur, but only if an- 

component of complement (a heat-labile component) is present In one case. 
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if the chilling of the red cells occurred in the presence of either sulfamlamidc or 
cyanide, hemolysis did not take place on subsequent warming It coold be shmvn 
that these reagents had not prevented the adsorpuon of hemolysm or complement 
After dialyaing away the cyanide or sulfanilamide hemolysis occurred In this case, 
the cold hemolysin and complement appear to be absorbed in the immediate vi 
cinity of a molecule of carbonic anhydrase which is poisoned specifically by cy 
anide or sulfanilamide The attachment of either of these reagents presumably at 
the zinc atom of the carbonic anhydrase prevented the lysis of the red cell 
A recent interesting interpretation of the ultrastructure of the ghost is that of 
a meshwork of tangentially arranged, long fibrous protem molecules, each being 
surrounded by about one hundred lipid molecules which are oriented radially 
around the fibrous protein It is not possible to decide as yet whether the ghost 
is balloon-likc and hollow inside, or whether it contains a gel-likc mtenot If 
the stroma substance is present at all in the intenor, it is probably very low in 
concentration In isotonic salme, the ghost is a biconcave disc even after exttacnon 
of the lipids,** so the principal shape factors of the red cell may normally be con 
sidercd to reside in the protein structure of the ghost Waugh and Schmitt'* have 
shown that the central region of the ghost, corresponding to the biconcavity, is 
thicker in protein by 30-40 A than is the region near the edges of the ghost 
In the classic work on the isoelectnc point of hemoglobin, Michaclis and Tata 
hashi’“ reported that hemolyzed red cells, in which excess hemoglobin was not 
washed away, had an aggluanaticm optimum of pH 5 o for all species investigated, 
suggesting that the isoelectnc point of the stroma proteins might be at this pH 
Smcc hemoglobin is found to leak out of a red cell immersed in a solnnon below 
pH 5 o, they hypothesized that when the pH was below 5 o the stroma would 
have a positive charge, and only then would hcmoglobm leak out 

Lipids The lipids constitute about o 4 per cent of the fresh weight of the human 
red cell and over 90 per cent of this matcnal is present m the stroma substance 
Some 33 per cent of the lipid is ccphalin, ri per cent is lecithin, 20 per cent 1$ 
cholesterol, 5 per cent is made up of cholesterol esters, 3 per cent is neutral at an 
9 per cent is made up of the ccrebrosides *' For lyophihzol human red ce s c 
reports phosphatide values pier liter of red cells as total phosphatide 3 05 m , 
ccphalin i 2.5 Gm , lecithin o 92. Gm , sphingomychn o 88 Gm Cep m is 
largest phospholipid fraction in the cells and the sphingomyelin 
the cells is twice that of the plasma According to Parpart,” about 4 
of the lipids arc bound to the stroma proteins, there being consi era c va 


m the different spcacs nn or rabbi t 

Ballcntinc and Parpart** have found that paacrcaachpasc acang , . 

erythrocytes at pH 5 0-5 5, increases the surface by 

and glycerol, 1 c , substances which arc considered to c „obably $pl‘« 

way of aqueous channels They have postulated that t e F ^ 

off one fatty aad residue per phospholipid molecule, b ^,00 of the 

off remain bound to the surface They suggest that the p ^ ^1,^ 

surface and the orientation of this Iipid matenaJ form an 
Structure of the aqueous channels 
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Pntms The insoluble protein constituent of the stroma, the stromatin, has 
properties of solubility resembling those of the albuminoids It is rapidly digested 
by crude trypsin or by activated papain preparations, although the intact erythro- 
cyte Itself does not appear to be affected by crystallin trypsin ” As compared with 
globin, the stromatin is lower in histidine and lysine but higher in arginine It 
contains x i per cent histidine, 5 o pier cent arginine and 3 6 per cent lysine 
An anti-spheting protein, which is in part responsible for the maintenance of the 
disk shape of the red cell, has been identified by Furchgott and Ponder,’* as a 
fraction of serum albumin poor in carbohydrate Red cells may be freed of this 
protein by adsorption of the protein on glass surfaces Normally, at a pH above 
11 3, but not below this pH, the red cell will become spherical If, however, the 
antisphcrmg protein has been removed, the red cell will become spherical at pH 
9 1 or above Addition to such a spherical cell of scrum or plasma containing the 
antisphcrmg protein will restore it to the disk shape, that is, the phenomenon is 
tcversiblc Ghosts which do not have the antisphcrmg protein only sphere once, 
at pH 9 X, and almost immediately go spontaneously again to the disk shape, and 
the phenomenon is not reversible These results explain the sphering of the red 
cells often observed when viewed in saline between somewhat alkaline covcrslips 
The quanuty of this protein taken up by the sphered cells to bring them back to 
normal shape is sufficient to form a layer of some 30 A at the surface The adsorp- 
tion of this protein does not appear to change the clcctrokinctic properties of the 


Calvin and co-workers” have recently reported the isolation of a lipo-protcin 
complex ‘ elinin, which is said to constitute 40 per cent of the stroma substance, 
^0 remamder being stromatin ’ The stromatin N is 11 3 and P o 41, the chnin 
M* ^ P is 1 o Eluun was isolated from cold, washed, human ghosts at 
pn 7-8 by centrifugation at 50,000 G, the stromatin rcmainmg m solution Elimn 
'ssolvcs readily at pH 7-8 to give a milky solution with marked streaming bire- 
^gcncc It contains about 40-50 per cent of lipids extractable with 3 i alcohol 
^ c Rh antigen was found to be solely in the elimn fraction, and the content of 
wd B antigens was four to five times higher in this fraction than in the stroma 
stance The Rh antigen is particularly sensmve to thermal inactivation, being 
csttoycd by exposure to 56 C for a few minutes The A and B antigens arc, in con- 
*'^thcr heat stable An ether soluble fraction has been separated from clmin 
^ '•°'*tains a still higher content of Rh antigen 

Group Substances A number of blood group substances in the stroma of 
red blood cells are known, resulting from the allelic senes, Aj, Ai, B and 
^ ^ c allelic senes M, Ni and Ni, and the Rh group of substances which may 
thc^ scries, or at least closely related, i c , due to genes closely linked on 
Same chromosome " According to Landstciner,” the little that is known of 
c cmistry suggests that they may represent a new type of biologic compound 
cos' substances that have been studied have a high content of acetyl glu- 
1 galactose and contain ammo acids in peptide linkage The proportion 

A amino acids, threonine and hydroxyprolinc in both group O and group 

tanccs IS higher in concentration than is found in most proteins From the 
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stroma of cr^rocytcs the group substances may be extracted to a cettam eitcDt 
with alcohol but not tvith water, indicating that they may be present m some 
lipoid combination in the stroma After extraction from the stroma they appear 
to be water soluble 

The work of Kabat et al ” has indicated that the blood group A substances 
prepared from human sources such as saliva, stomach and ammotic flmd tvcrc 
similar in content of nitrogen, glucosamine, reduemg sugar, and acetyl values 
The substances Aj and Ai differed in optical rotation All of the human A substance 
tvere levorotatory while the A substance from hog stomach was dextrorotatoty 
Landsteiner and Harte*" considered that about one-fourth of the total N reptc 
sented ammo acid nitrogen Morgan,'*’ using paper chromatography, qualitatively 
identified at least fifteen different amino acids in the acid hydrolytate of A sub- 
stance 

The group O substance, isolated from cystic fluid by Morgan and Waddell,*’ 
contained about 43 per cent of the N as a amino acid nitrogen Some of these 
amino acids were suggested to be joined by glycosidic linkage to the first arboa 
atom of hexosamine, a linkage which is extremely susceptible to the action of 
dilute alkali Studies of group A and O substances, obtained from the stomach 
linings of hogs, have revealed no chemical differences, except in their immunologi 
cal properties They are similar in viscosity and elcctrophoreuc mobility at pH 
7 4, both contain 1-fucosc, d-galactose and d-glucosaminc and both also have the 
same nitrogen, reducing sugar, glucosamine and acetyl content *’ 

HI SraucTtmE of Hbmoqlobin and the Function of Some of ns Paets 

Hmof^obtn is the major constituent of the mature red cell, making up about 95 
per cent of the dry weight of the cell Here we have a remarkable achievement in 
differentiation and specialisation Not only is the hemoglobin speaalized for the 
transport of oxygen, but it also functions indirectly to bring about the transport 
of COj, without changing the pH of the blood stream We shall now proceed 
to an examination of the anatomy of the hemoglobin molecule and consider some 
of the functions of its parts , 

Hemoglobin is a protein molecule of molecular weight 68,000 (fig a-) If ' 
up of a large colorless protein portion called globw On the surface of thisg 0 in 
arc present four small prosthetic groups of heme molecules Two hemes ^ rep^ 
sented on the proximal surface and two other hemes arc on the disc so a e, 
both sets of hemes lying in parallel planes These four heme mole es arc c 0 
and impart the red color to the hemoglobin molecule The heme rao c 
complex consisung of an iron atom in the center of a {wrphynn ^ 

naturally occumng heme, which is ubiquitous in protoplasm an 
prosthetic group in vanous oxygen transporang proteins, and m a 
zymes such as catalase, peroxidase, etc , is iron f.^ole nngs 

Pmoporpkrrtn 9 This molecule consists «scnuaJ y ^ an inncmiost 

attached to each other through -CH methene a conjugated 

sixtccn-membercd nng of carbon and nitrogen ato ^ rcsooanng 

chain of alternating single and double bonds Sneh a sot 
structure and contains x electrons, which apF*^ « 
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conjugated chain The individual pj-rrolc rings also enter 

rug L tts Ssonating structure he in the same plane so that the porph>r.n 
molecule is a flat one The entire structure is greatly J 

strong acids In addition to the stabilizing effect o the resonance on porph) >n 
the subility of the pyrrole rings is also enhanced by the presence of side chains 



y axis 

Fiq 2_ — Ikterpretation of Structure of Horse Hemoolodin 
c wc foar hemes per globm molecule, two hemes arc located on the proximal surface with their 
^^^^^^^^P^Tpcndiculir to the upper two polypeptide layers The other two hemes are located on the distal 
P^T^ndicolir to the lower two polypepudc layers 


'hiins* porphyrin, 1 c , protoporphyrin, there arc three kinds of side 

gtoy ’ methyl groups, two vinyl groups, and two propionic acid 

''“"hrence f possible arrangements of the side chains around the cir- 

uomet P°Thyrin, the natural isomer of protoporphyrin, designated as 

tuih\l I’ ^ following arrangement, namely methyl, vinyl, methyl, vinyl, 
biing methyl 

'fit four^ '’'^thods, Shemin and Rittcnbcrg^* have found that the nitrogens 
of the p1^° 0 ^ogs are derived from the N of the amino acid glycine The 
)cme orms an a C of the pyrrole ring, but the carboxyl of glycine is 
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split off during some step of the synthesis « Experiments with labeled acetic 
acid suggest that both C atoms are utilized, possibly for the synthesis of the side 
chains, but it is not yet clear whether acetic acid is directly incorporated " 
Evidence denved from studies of porphyrm metabolism in Hempbilus infiuinzjt'^ 
suggests that the protoporphyrin nng is not formed piecemeal around an iron atom, 
but rather it is necessary to assume that the protoporphynn nng is first completely 
formed and iron is inserted thereafter The vinyl groups of the protoporphyrin 
nng appear ro be essential if the orgaatstn is to be c^piblc of inscrrrng the iron 
into the protoporphyrm ring It is not yet known what enzyme system is concerned 
with the process of iron insertion Evidence also suggests that the two propionic 
acid side chains function in the ionized form to orient the heme and hdp attach 
the heme to the globin The two negatively charged carboxyl groups arc postulated 
to attach to two positively charged groups of the globm with a pK in the neigh 
borhood of 11, possibly guanidino groups of arginine 



The concentration of protoporphyrin in the mature human red cells is very ow 
being about 16-38 7 per 100 cc of red cells The red fluorescent pigment in 
cells, first noted by Van den Bcrgh in 1918, was isolated and idcnti 
porphyrin 9 by Grotcpass<" in 1937 As with all intermediates the 
protoporphyrin depends on the rate of its synthesis from ^ 

of Its removal by its combination with iron to form heme In e J 
matunng red cell, the rise and decline in the rate for 

appears to follow the rise and decline in the rate of hernog 
example, crythroblasts contain no protoporphyrm, poto- 

reticulocytes contam less and the mature erythro^c still 
porphyrin is found to be high in cases of mon ar to be mo- 

normal), in anemia of chronic infections (where iron p^Tidoxine 

bilized) and in lead poisoning « Lew valu« that reticulocytes 

deficiency London, using labeled glycine, has recently show 
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induced by phenylhvdrazinc in the rabbit can synthesize heme in vivo Watson, 
Gnnstcin and Hawkinson” had reported that b) incubating blocxl in vitro for 
14-48 hours, an increase in protoporphyrin was noted In the light of the tracer 
Mtpetiments, this increase might now be interpreted as an indication of proto- 
porphyrin synthesis in the incubated cells 
Inn Fmoporpbynn g The space in the center of the porphyrin is of the correct 
size to accommodate an iron atom Larger and smaller atoms can be held but they 
are m general (with the exception of copper) held less firmly than is iron The 
iron is hexacovalent, 1 e , it can bind six atoms or atom groups In the plane of the 
flat porphyrin ring it links up with four N atoms It may now bind one atom or 
atom group below the plane of the ring and one above the plane of the ring (fig x) 
IVhen the bond of the iron below the plane of the ring is attached to a certain 
group in the globin molecule, then the remaining coordination valence above the 
plane of the ring can attach reversibly to oxygen and can act as an oxygen trans- 
porter 


In the bone marrow, as well as in the liver and spleen, a storage form of iron 
IS present, called ferritin This is a protein which contains over 10 per cent by 
dry weight of iron The protein has a molecular weight of 460,000 Attached to 
the surface of the protein are clusters or micelles of ferric hydroxide molecules 
of a special kind The iron of this storage protein is postulated to be made available 
fly reducing substances in the tissues which reduce the feme iron to the ferrous 
otra The ferrous iron is sufficiently soluble so that it might diffuse short distances 
in the bone marrow, perhaps into immature red cells where hemoglobin synthesis 
'^as taking place The protein component of ferritin is found to be depleted in 
i^tponse to rapid blood formation suggesting that the amino acids of ferritin might 
_^ihzcd in the synthesis of proteins like globin 
It h°' of heme may be followed by means of tracer labeled glycine 

cell ^ found that there is no turnover in the hemoglobin of the mature red 
all life span of heme and hemoglobin is the same as that of the red 

“ , about 1X0 days By incubating duck erythrocytes with labeled glycine in vitro 
“ 37 C , Shcmin'^ has been able to demonstrate the incorporation of Nu into the 
globin heme Immature cells obtained by frequent bleedings synthesize to 
ca^'r^ ^^^^nt London et al have found that rabbit reticulocytes in vitro 
cdl * 'u'-otporate labeled glycine into heme and that the whole blood of sickle 
anemia subjects can synthesize heme in vitro, in sickle-cell-trait without 
^la no synthesis was observed 

no fli^cii developed to determine the free heme of the red cell and 

orination is available as to the relative levels of heme and globin in the 
ping red cells After feeding labeled glycine, London‘“ found a rapid early 
high rate of excretion of labeled stercobilin One explanation 
** been suggested for this result is that heme synthesis takes place in the 
flcnic great excess over that of globin synthesis and that the excess 

not bound to the globin is broken down and excreted in the bile 
a inolcc^'”° of Globtn and Certain of tbetr Functions The protein globin has 

at Weight of 66,000 It is a more basic protein than most of the tissue 
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proteins The isoelectric point is 6 8 for ferrous hemoglobin and 6 65 for oxyhemo- 
globin C54) The ammo acid composition of globin is not completely known A 
study of the amino acids of hemoglobin of a number of mammalian spcacs reveals 
that the globins arc rather similar in the relative amounts of several of the different 
amino acids contained m them For example, the approximate molecular ratios of 
tryptophane tyrosine arginine histidine lysine arc 1 3 3 8 10, respective!), or, 
in terms of the number of molecules of these ammo acids per globin, approiimitel) 

Tadle I — Amino AciJ Analjtts ej Himoiloiin in pci ant 
(Modified from Cartwnght** “ ") 

Nofflbtr of uniDO 
,, wW rtsdatf 

Amino add Hooe Man per bort« 

Boiecott 

Ixnanc '5 * '7 ^ 

Isoleuane ° ° ° 

Hisudine 7 7 ° 

. 17 41- 

Argimne 3 7 _ 

SB 10 1 fit 

Valine 7 ^ 

Tryptophane ’ ’ _ 

Phenylalanine , 

Mcthiomnc i 

Cysunc > g g 38 

Threomne _ ii 

T^osine 3 o ^ ^ g. 

Alamnc ^ ^ 50 

Glycine 5 _ 35 

S-nne 3 3 _ ,, 

Proline _ 0 

HydroxyproUne 51 

Aspartic 3 __ 39 

Glutamic „ — 4 ® 

Amide N in % of total N ^ g 

Total S i6 4 'fi B 

Total N o 335 ° 335 

Total Fe ” _ — 

as 4 IX 14 33 41 The relative high content of argimne 

dues are in part responsible for ,5 gj,,tl> enhanced 

high isoelectric point the affinity for acidic dyes su h 

Since more data IS available on horse hemoglobin, this pr 

in an analysis of hemoglobm st^cture constituent ammo ac.ds ot 

Some functions may be postulated for se histidine conten , 

globin Relative to other proteins, globin » h.st.d.nes ma) be pos^ 

bsiSirrsKSi-r— 
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gcnatioQ of hemoglobin (vide infra) The evidence for this iron link is indirect Four 
hisadine residues would be involved, one for each of the four hemes on the globin It 
IS further postulated that the second nitrogen of these same imidazole groups would 
be mvolved in the change of acidity with change in oxygenation of the hemoglobin 
This Bohr effect makes possible the transport of CO* as bicarbonate ion The 
third function of histidine in hemoglobin is due to the fact that the histidine 
residues serve as excellent buffers, since the pK of the imidazole nitrogens lies in 
physiological pH range Some zg histidine residues may function in this regard 
According to Wyman, between pH 5 5 and 8 8 there arc titrated 31 groups in all, 
most of which probably arc in the histidines This buffering capacity would be- 
come important in cases where much lactic acid escaped into the blood stream, as 
m severe exercise 

The lysine eamino groups and the arginine-guanidino groups make up a total 
of 55 positively charged groups Eight of these ptositively charged groups are piostu- 
lited to be combined with eight propionic acid side chains of the four hemes 
Toner and Sanger^” have found that the reagent, fluoro dinitrobenzcne, determines 
ill of the eamino groups of lysine in the presence or absence of the hemes This sug- 
gests that all the e-amino groups are free, that they he on the surface of the globin, 
and that the piropionic acid groups of heme arc most probably attached to the 
guinidino groups of arginine rather than to the eamino groups of lysine Including 
the SIX positively charged ammo groups at the ends of the polypxrpude chains this 
Would make a total of 53 free positively charged groups at pH 7, exclusive of 
t e imidazole residues The ionized carboxyl groupis, of glutamic and aspartic acid 
together, total 43 groups after correction is made for amide nitrogen In addition 
ere arc six carboxyl groups at the ends of polypeptide chains, thus giving a total 

49 negatively charged groups, these probably play an insignificant role in buf- 
lenng 

Houghton"' has postulated that some zo-30 per cent of the total COj is trans- 

H O 


/ 


P°ttcd by the red cells in the form of carbamino compounds R — N — C 

\ 

Since 

1 'u formation is decreased in oxyhemoglobin as compared with hemo- 

° Houghton has suggested that the attachment of the Oj in some way may 
of ^^f'oally with the formation of carbamate Carbamic acids have a pK 
5 8 Only uncharged a ammo groups combine with COi to form car- 
In horse globin six free ammo groups arc present (in the hu- 
59 > namely , the amino groups of valine at the ends of the peptide chains 
, ^^no groups would have a pK around 9 and would be present at body pH 
H. — ^NHj" Since CO; combines with the R — NH; group, it would 
'0 postulate a shift of the valine amino group by some z pH units 

to account for significant CO; transpiort as carbamino compound 
Cycle*" Calculated that transport of 10 per cent of CO; in the respiratory 
Hi\e ^ carbamate The assumptions and postulates on carbamate 

“cen discussed m detail more recently by Wy-man 
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It IS interesting to note a possible structural function of another ammo and, 
proline Pauling^' has suggested that proline, because of its geometry might serve 
as a 50-dcgrce bend or clbow-joint in the polypeptide chain 
Hemoglobin Structure Intensive x-ray analyses of horse feme hemoglobm by 
Boyes-Watson, Davidson and Perutz'* have led to a clearer concept of the structure 
of the hemoglobin molecule It has a molecular weight of 68,000 and its dimen- 
sions, osculated on the basis of a cylindrical structure, with convex ends, ate 
57 X 57 A by 34 A high (fig z) The assumption of a cylmdneal structure for the 
volume of the globin is a mathematically convement one It is not a unique soln 
non for the data, however, and should be considered only as an appronmanon to 
the actual shape 


One interpretation of the globin structure is that in the 34 A dimension the globm 
consists of four parallel monolayers of polypeptides, each about SJ A thick This 
8J A dimension corresponds to the average thickness of a monolayer of a protein, 
including its side chains, when completely spread out on a Langmuir trough The 
polypeptide layers contain polypeptide chains or rods runmng the length of the 
molecule along the x direcaon The polypepnde cham is not fully extended 
Along Its length there appear to be reg^arly spaced small folds some 5 A apart, 
the folds bang eqmvalcnt to a distance of two amino aad residues along the 
chain This kind of fold is similar to that described by Astbnry as the contracted 
or alpha-keratin type According to this interpretation the wtmfcled polypepnde 
chain ninmng along the x direcuon would be a roughly cylmdneal elongated rod 
with an average diameter of 10 5 A Along the y direction, 1 e , in a polypepnde 
layer of the globin, one could fit about 5 such rods, or the 4 polypepnde layers 
could contain a total of lo such rods The studies of Porter and Sanger^ teteal 
only SIX free amino groups suggesang that there arc only six polypepnde chains 
in horse globin However, as yet it is not possible to rule out cychc chains, nor 
chains branching off from some carboxyl groups of glutamic or aspamc aads 
It can be determined from opac dichroism that the four hemes, which ate at 
or planar molecules, he parallel to each other in the protem crystal Because 1 
hemes can be oxidized to the feme state with rclanvely large molecules sn as 
femeyamde, and because the hemes may be removed from the globin in a soi^ 
what reversible manner,^ it is reasonable to consider that the hemes are 
the surface of the globin In addition, the stabflity of the heme 
non makes it probable that Van dcr Waals forces occur between t e 
nng and the globin surface and it is reasonable to assume the arrangemen 
and globin to be such that the plane of the flat heme molecule « on 
the globm surface which is planar From x-ray data, it ‘ ^ therefrre, he 

the heme is perpendicular to the x axis of the ,n sola 

perpendicular to the ends of the polypepnde rods l,t ,n:o nvo 

aons of high urea or salt concentraaon suggest that tne^ ^ 

idenncal halves, each half bemg made up of two I” of the molecule 

of symmetry is present m the hemoglobm suggest that a pt^t 

must be structuraUy and chcmicaUy idenncJ Th j^ong to 

of hemes belong to the upper half of the molecule and a pair 
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the lower half Wyman^ interprets the hypierbolic oxygenation curve of hemo- 
globin as indicating that there is a strong interaction between hemes belonging to 
the same pair and little interacuon between hemes belonging to different pairs 
On this basis, the hemes belonging to the same pair are placed close together, one 
pair of hemes being represented on the proximal surface of the molecule lying 
perpendicular to the two upper polypepude lajcrs (fig i), the other pair of hemes 
bang on the distal surface of the molecule and lying perpendicular to the two 
lower polypeptide la)ers It is interesting to consider that the attachment of the 
hemes to these rods of polypepndes binds the rods together and stabihzes an 
otherwise highly unstable protein molecule 
The density of the protein indicates that the polypeptide chains in the layers, 
and the layers themselves, are packed ver) closely The water associated with the 
ptotem IS probably present as one or perhaps two monolayers surrounding the 
protan molecule 

Ejficts of Interaction of Hemc-tron and Glohtn The iron atom in Fe protoporphyrin 9, 
' t , heme, has the ability to bind six groups, that is, it has a coordination valence 
of 6 It binds the four pyrrole nitrogens in the plane of the ring and is able to bind 
a group below the plane of the nag and a group above the plane of the ring In 
^oglobin. It IS piostulatcd®* “ that the iron is attached to a nitrogen of the 
*®da2ole group of histidine When this attachment occurs, and when the iron 
>n the ferrous, that is, the reduced state, then the molecule of Oj can be attached 
Ktersibly at the sixth coordination place of the iron Wyman has shown that from 
' '™«ct of temperature on the titration curve of oxyhemoglobin a heat of disso- 
lution of 6,100 calones per mol can be calculated, a value expected for lonizable 
poops like the nitrogen of imidazole The effect of change of pH on the heat of 
°^g«iation also gives a value compatible with such compounds The effect of 
^ and temperature on the form of the O2 equilibrium curve is interpreted by 
as evidence that all the hemes are attached to identical local configurations 

ooAeglobin 

linkage of the iron of the heme to the protein is an all-important one It 
complex of heme and globin with the peculiar property of permitting 
t sixth coordination link to be reversibly held by an oxygen molecule Ferrous 
c, rec in solution, is rapidly oxidized by 0 % to the state of feme heme This 
occur when the heme is attached to globm The bindmg of the 
lited Th °° beme to globin permits the addition of Oj but the Oi here is stabi- 
y c Oj Cannot act as an oxidizing agent, that is, it cannot accept an electron 
measures ferrous hemoglobin magnetically it is found that the iron has four 
pos%^ ''^^crons m its 3d shell The Oj molecule is actually a biradical and so 
Pofou d '^P^ued electrons Now when Oi unites with ferrous hemoglobin, a 

pound'' in the magnetic susceptibility is observed " The resulting com- 

bemoglobm, is diamagnetic This means that all the unpaired electrons 
*'gnifica^°° paired And it is perhaps this change which is 

(1 e preventing the ferrous globin from being oxidized to the feme state 

"“hemoglobin) 

'nation of hemoglobin with oxjgcn is a much more rapid process than is 
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m dissociation The rapidity with which oxygen may be combined or removed « 
brought out by the following data and calculaaons The vcloaty of combination 
of ox>gen with hemoglobin to form oxyhemoglobin and the dissociauon of 017 
hemoglobin to form hemoglobin and oxygen have been measured m sheep blood 
at 10 C by Hartndge and Roughton Considering that each heme of hemoglobin 
IS independent of other hemes, the first order velocity constant for the dissoaanon 
of the heme-O; complex into heme +O1 is lo per second, that is, it would 
require o 035 seconds for half of the oxyhemoglobin to dissoaate For the com- 
bination of the heme of hemoglobin with Oi, the second order velocity constant 
IS J,ooo per second per millimole liter, that is, assuming g 4 as the luilluiiolir 
concentration of heme in the blood and an cquimillimolar concentration of Oj, 
then 50 per cent of hemoglobin would be combined with 0 » m 3 5 X to”* seconds 
From this we sec that the velocity of combination of Oj with heme to the 50 


per cent point is icxxi times as great as the vcloaty of dissociation of oxyhemoglo- 
bin to the 50 per cent point 

It IS interesting to compare these figures of oxygenation with those in which CO 
combines with hemoglobin For the dissociation of carbon monoxide hemoglobin 
the first order vcloaty constant is o or per second For its formaoon, the second 
order velocity constant is ajo per second per millimole liter The CO complex 
therefore is formed at only one-tenth the velocity of formation of the 0 complex 
For a dissociation of 50 per cent of carbon monoxide hemoglobin, 6g seconds would 
be required For the formation of 50 per cent of carbon monoxide hemoglobm, 
assuming the millimolar concentration of heme in the blood and an cquimillimolar 
concentration of CO, 4 x X icr* seconds would be rcqmrcd Thus the vcloaty 
of combination of CO to the 50 per cent point would be 160,000 tunes as great 
as its dissoaation to the 30 per cent point 
The linkage of the iron of heme to the globin is important m another 
namely, in the so-called isohydnc transport of COj in the blood stream^ a 
data of Wyman it appears that in oxyhemoglobin a gronp with a ph. of 
present, and that when Oj is removed the pK of this group changes to 7 
other words, at the pH of the blood, when Oj adds to hemoglobin a proton f 
tends to dissociate off When Oi comes off the oxyhcmoglobm, a proton ten^ 
go back on (fig 4) This effect, of hemoglobin becoming mote acidic on oiygow 


tion, is called the Bohr effect otrested bv 

The group which undergoes this change on oxygenauon has ton 
Coryell and Paulmg** and by Wyman” to be the nitrogen 0 t c ^ 

imidaxolc group Pictured in more detail (fig 4) one might 
onating nng of the porphyrin is coupled through the irra to 
azole ring Then the addmon of O. to hemoglobin would cause a g 
meat of the resonating electrons toward the Oj. ® /nr 

nitrogen a little more positive, thus decreasing the binding ^ ibe 

Its H+, and the would tend to dissociate off more J ^ an 

WO.W ** r,om 7 « .0 6 8) Tl,. 
aad and enabled the blood to carry o 7 mol of HjCOi as 
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of Oj exchanged, or some 6o per cent of the total CO", without any pH altera- 
tion ” 

In figure 4 some of the events of COi transport in connection with hemoglobin 
have been summarized schematically Here a heme group is shown sitting on the 
globm surface, the iron coordinating with the four pyrrole ring nitrogens, a fifth 
coordination link being connected with a nitrogen of an imidazole ring of histidine 
m the peptide chain of the globin The sixth coordination link now may combine 
with Oi reversibly 

3?cd Coll Tlosmo 



4 SCHEMB RepmseNTINO THE EeIECI OP OlTOBHATlON OE HeMOOLOBIN ON THE TrANTPORT OE 
COi AS Bicarbonate Ion 

The pathway of COj and Oi molecules in the blood stream is shown on the dia- 
gram When blood comes to the lungs (fig 4-A), O2 adds to the 6th coordination 
mk, a rearrangement of electrons occurs, bringing about the dissociation of a 
Hro"’ imidazolc-N The proton very rapidly combines with 

Oj to form H-COj (ionization reactions being extremely rapid) Conversion 
° •COj to H "0 and COj, 1 e , dehydration-hydration reaction, is relatively slow 
= attainment of equilibrium of this reaction is catalyzed by the zinc protein 
tnzjine, carbonic anhydrasc The excess COj produced diffuses into the plasma and 
out through the lungs 

toward the tissues (fig 4-B) Here the CO. moves into 
hydrated to HjCOj by way of the carbonic anhydrasc enzyme 
fetTo 1, ’ o’ssociatcs to and HCOr At the same time that O2 comes off, the 
emoglobin now accepts the In connection with all of these events 
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there occur shifts in Cl , HCOj and HjO, to take care of Donnan ion effects and 
osmotic changes,'* but these cannot be considered here 
According to the hypothesis of the heme-linked imidaaole group, one might 
expect all Or transporting heme proteins to show a significant Bohr effect This 
Bohr effect has been observed for the circulating mammalian and most invertebrate 
hemoglobins * However, a number of exceptions have been noted The Bohr effect 
for muscle hemoglobin is so small that it may be within experimental error, and 
no Bohr effect has been observed in Gastrophilus** or Urechis hemoglobins 
Whether a modified imidazole must be postulated in these latter cases, or some 
other group or effect, is not known Another objection that has been raised to the 
hcme-linked imidazole hypothesis is that the addition of imidazole compounds 
directly to heme gives no evidence for a stable oxygenation complex, but the diffi 
cult) may be that the existence of such a complex might reqmre a stable spatial 
molecular arrangement 

Otbtr Ejects oj Interaction of Ammo Acids Adjacent to the Hemes When the shatp 
a bands of Oj and CO hemoglobins arc measured with a Hartndgc rcvenion spec 
troscopc for various vertebrate and invertebrate species, slight differences arc noted 
in the jjositions of the bands The position of the bands for a particular species 
IS highly constant and indeed is a delicate test to support the idea of the invanable 
character of a specific protein in a given species Among various species the differ 
cncc between the wave length of the a band of Oj and CO hemoglobin, called the 
span, may vary by as much as ±40 A These displacements of band positions 
arc considered to be due to differences in the kinds of ammo acid groups adjacent 


to the heme and their spacial distribution around the heme Another expression 
of differences in behaviour of different hemoglobins is the relative affinity of Oj as 
compared to CO for the hemoglobin of a parncular species t' 

If the position of the amino acids surrounding the heme may affect thcposiuons 
of the absorption bands, one might consider that the change on oxygenation 0 
hemoglobin might also affect some of these neighbonng ammo *cids Forexamp c, 
on oxygenation of horse hemoglobin there appears to be evidence for a ^oup 
changing from pK 5 z) to pK 5 75 “ This group has been postulat to M 
imidazole group whose proximity to the heme, rather than direct linkage, nug^^ 
affect Its ionization One might also explain some of the changes in car aM ^ 
concentration as affected by oxygenation, by postulating valine amno grou 
the ends of the peptide chains to be located adjacent to the hemes venm 1 ^ 
the vanauon in afifinity of vanous hemoglobins for Oj with changes m j 
may find their explanation on the basis of structural effects 0 ammo ac 


adjacent to the heme ,q p-f 

The Form of Hemoglobin tn the Erythrocyte The ,$ so high 

cent, by wet weight, of hemoglobin This ° J deviate from 

that one might expect to observe properties of hemoglobin mole 

hemoglobin in dilute soluaon Ponder" has calculated that it bem g 

L J nl itc BotU eScCt ICKJ 

• As noted by Redficld there is 1 considerable variaoon m the d grec 


vanoQi jpcacs 
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culcs were arranged in hexagonal packing there would only be enough water to 
form a layer of 10 A around each hemoglobin On the average, the distance apart 
between two hemoglobin molecules at closest approach in the red cell, as deter- 
mmed by x-ra) diffraction, is of the order of magnitude of two water molecules 


When the oxyhemoglobin formed from ferrous hemoglobin is plotted against 
the tension of O j it is found that the resulting O; affinity curve is sigmoid in shape * 
For muscle hemoglobin containing one heme per molecule the curve is a rectangular 
hyperbola It has therefore been postulated that the sigmoid curve of red cell hemo- 
globm IS due to interactions of the hemes In horse hemoglobin the hemes appear 
to he on the globin in pairs (fig x) Wyman believes there is strong interaction 
between hemes of the same pair such as to make the first Oj attach to hemoglobin 
less readily and the next O5 attach more readily In support of this idea of the 
interaction of hemes of the same pair on each other, is suggested the fact that in 
strong urea solutions horse hemoglobin splits into two equal halves each containing 
a pair of hemes, and the sigmoid shaptc of the Oi eqmlibrium curve of these halves 
of molecules is largely maintained In addition to this interaction, there appears 
to be an interaction ^tween hemes of different pairs, probably hemes belonging 
to different ferrous hemoglobin molecules, (rather than oxyhemoglobin molecules), 
and this interaction may be influenced in part by dilution It is not yet clear, how- 


cver, to what extent the sigmoid curve is influenced by close approach of hemes of 
different molecules, by splitting of the molecules on dilution, by effects of various 
s^ts, nor IS it clear how the hemes interact to affect the Oj affinity Human hemo- 
globin IS said to be only slightly dissociated into smaller molecules on dilution 
and yet shows a sigmficant change in the Oj tension curve 
Hill and Wolvekamp’* rcpxirc the following interesting experiment m connection 
the sigmoid curve They found that by diluting the concentrated human 
moglobin of the ted cells five times, the Oj tension for half saturation of the 
oglobin with O2 dropped from 9 8 mm Oj down to 3 i mm Oj, and was 
further even on greater dilution Seeking for an explanation of this 
avior these authors discovered that a substance could be obtained by dialyzing 
which, when added to a dilute solution of hemoglobin, shifted 
tio * Curve towards that found for more concentrated hemoglobin solu- 

ODs The substance in the dialysate was destroyed by boiling and became inactive 
^ In the cold Perhaps it is this substance which may account in part 

Oj tension curve of the red cell 

bv 1 f ow quantum yields when horse CO-hemoglobin is dissoaated 

Diol ° ] suggest the possibdity of some land of interaction in the hemoglobin 
'i'lint ' ^ Warburg‘S’ reports that only one CO is spiht off for 4 hght 

P^^^^^P® indicating that the binding of one of the four CO-hemes 
others On sphtting hemoglobin into two equal halves (in 2-6 
at pH 7 6), one CO IS split off for x light quanta absorbed In muscle 

^ Scncral for numnuliin crythroc)tc hemoglobins Ho\%x\'cr in the blood of fishes 

lod pigeon ^ oir\x may be scarcely observed or maj be lacking The peculiar cunts for duck 

k a slow proporaonacc increase of oxyhemoglobin occurs uith increasing 

vet to be explained 
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Cahcmoglobin, where there is only one heme per proton molecule of moleadw 
weight 16,500, one CO is spht off for every hght quantum absorbed 
Another problem in connection with the very high concentration of hemoglobm 
in the red cells is, why docs not the hemoglobin normally crystalhzc out withia 
the cclP For example, when guinea pig red cells arc lakcd with water, crystals 
of oxyhemoglobin appear almost immediately These crystals ate formed in a dilute 
soluuon as compared to the concentrated solution in the red cell where crystals 
arc not observed Not only would crystallization in the red cell be harmful by 
causing mechanical injury, but crystallization would also be deleterious since it 
has been found that oxyhemoglobin in the ciystalline state holds on to its Oj so 
tenaciously that it could not serve for reversible Oj transport In sickle cells, the 
formation of the sickle occurs when the hemoglobin is deprived of Oj It is in- 
teresting that human ferrous hemoglobin, unlike gmnea pig hemoglobin is said 
to be less soluble than oxyhemoglobin, suggesting that the phenomenon of sickling 
might be related to incipient crystallization of the ferrous hemoglobin 

Fefai Hemoglobin Recent evidence has shown that a fetal hemoglobin is produced 
whose properties differ from those of normal adult hemoglobin It was Batcroft 
who first called attention to the fact that differences existed between fetal and 
adult hemoglobins Brinkman and Jonxjs^^ showed that below the age of ebrce 
in humans there was a hemoglobin which was labile to alkah, and that after 
this period the hemoglobin changed over to a form that was alkali stable Wyman 
ct al later found that the CO hemoglobin of fetal cow blood was mote than six 
times as soluble in strong phosphate buffer at pH 6 8 than was adult cow blood 
Vickery^' analyzed these hemoglobins and found that fetal bovine hemoglobin 
contained 6 43 ± o 04 per cent histidine whereas adult bovine hemoglobin con 
tamed 6 81 ± o 05 per cent histidine, indicating that the change is a quantiutivt 
one and not merely a change in the spatial arrangement In addition. Hill an 
Wolvckamp^* have shown that fetal hemoglobm, like muscle hemoglobin, has a 
higher affinity for O* than has adult hemoglobin, that is, O- is remove 
these hemoglobins at lower oxygen tensions than from adult hemoglobin e 
conclusion that there arc two disnnct substances is thus supported A 
interpretation is that the fetal hemoglobin may be produced in organs ot er t an 
the bone marrow, c g , such as the liver, and that onlj the adult hemog 0 m 
produced by the bone marrow 


rV Proteins or the Red Blood Cell 

Besides the hemoglobm, the stroma proteins, and the protein 
glycolytic system (which will be considered m another section}, a n 
proteins have been found in the erythrocyte -mrrtn in the red 

Metal Contammi Vromns There is only one iron cyto- 

cell besides hemoglobm that is known, 1 c , catalase me c) pf 

chrome oxidase appear to be lacking In consequence, the O 

red cells is very small ^Unvclv high It appears to hav* 

Catalase content of erythrocytes appears to be rela y ^ molecular 

properacs probably identical wirh the catalase of liver pt 
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■weight of 3x5,000 and contains four hemes per protein molecule ’’’’ One obvious 
function of catalase is the protective one, 1 c , of destroying HjOi which might 
be produced in the red cells The catalase may also have a peroxidase activity of 
low order and, in the presence of very small amounts of H5O2, it may oxidize the 
lower alcohols to aldehydes, the aldehydes to acids, and formic acid to COj + 
H/) » 

Carbonic anl^drase is a zinc protein •which, according to Scott’® contains o x per 
cent of zinc It has a molecular weight of 30,000 and an isoelectnc point of 5 3 
It Was first postulated to exist by Henriques who calculated that the spontaneous 
decomposition of HjCOj is too slow a reaction to liberate CO5 from the blood 
stream Mcldrum and Roughton demonstrated its existence in 1931-, and it was 
crystallized from the red cells by Rcilin and Mann*® in 1940 The enzyme is a 
tydrolync one catalyzing the reaction 0^2 + H20e=;H»C0j There is sufficient car- 
bonic anhydrasc in the red cells to accelerate this reaction about 1,500 times at 
5 ® C and this is about ten times the required acceleration All the zinc in the red. 
cells IS accounted for as a compioncnt of carbonic anhydrasc The enzyme is in- 
bibitcd by low concentrations of cyanide and sulfanilamide 
bitnucupritn is a cupnc-containing protein It is bluish in color, contains o 34 
per cent Cn, has a molecular weight of 35,000 -with two copper atoms per protein 
ffloleculc It was isolated by Mann and Kcilin in 1938*’ from red cells Its function 
1* not known The copper can be reduced but cannot be oxidized back to its ongmal 
^ anemia of copper deficiency, like that of iron deficiency, is mictocyuc 
hypochromic The possibility that a copper compound catalyzes the formation 
tytochrome oxidase or is a component of the cytochrome oxidase system has 
“ot yet been eliminated 

^cfbomtmotjttrasc There appear to be both an a and a jS glyccrophosphatasc 
ttd cells according to Paget and Vitter *’ 
line Esterase Human red cells contain a potent true choline esterase, 1 c , 
‘^cifically inhibited by dichlorodicthyl-N-methylamine or by caffeine ** The 
^ me esterase of human ciythrocytcs and of brain arc very similar, if not idcna- 
« ut both differ considerably from the choline esterase of human plasma Ao 
pH Mentha et al ,** the esterase can be extracted from chilled red cells at 
3 with little hemolysis This would suggest that the choline esterase may 
or near the cell surface 

^ and coworkers** have separated two other protein components from the 
electrophoresis, protein a probably bemg related to stromatin, 
j , 1 ° ^ being identified as yet In the course of preparation of stromatin, 
poor found in the supernatant fluid Ehnin and the carbohydrate- 

'’tnm anti-sphcring protein have been discussed in a previous secuon 

V Water Soxuble Constituents other than Proteens 

Elotathione (GSH) of the blood is confined to the red cells where it 
**<^orbic oxidation and reduction It is suggested that together -with 

ftiToQsV'''^’ ^ minor role in the reduction of feme hemoglobin to 

tmoglobin Thioncinc, the betaine of thiol histidine, is also confined to 
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The ademne nucleotides average about 65 mg /loo cc of red cellsi 
mostly of adenosme triphosphate (ATP), adenosine diphosphate (AD Jl m 
diphosphopyndine adenine dmnclcotide (DPN) or coenzyme I Sma^r ainoonjJ 
of a triphosphopyndine adenine dinuclcotidc (TPM) or coenzyme , an 
smaller amounts of flavine adenine dmucleotide arc also present 

In humdn red cells under certain conditions the nbose of adeny ic an p 
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to be converted to triosc phosphate, suggesting that nbosc is split into a tnose 
Mid a two-carbon compound Rackcr*‘ has recently purified an enzyme from bac- 
tenal extracts which also converts ribose 5-PO4 to triosc phosphate 
Approximately 90 per cent of the total blood nicotinic acid is in the corpuscles, 
and all of the nicotinic coenzymes The coenzymes arc rapidly destroyed when the 
ted cell undergoes hemolysis,’- indicating that in the intact red cell the coenzymes 
Me probably being broken down and built up at an appreciable rate Handler and 
Kohn” found that DPN was hydrolyzed at the link between the nicotinamide and 
the nbosc and that this hydrolysis was inhibited by nicotinamide but not by 


nicotmic acid Nicotinamide, however, cannot be used directly for DPN synthesis, 
although mcotinic acid itself is used directly for this synthesis in the red cell 
Both mcotimc acid and its armde arc equally pxtrmcable to the red cell In vivo, 
feeding of mcotmamidc raised the coenzyme by 2-5 -qo per cent in the circulating 
tells, feedmg of mcotimc acid raised it, however, from 90-300 per cent (The V 
actor test for Hemophilus influenzae growth” was used in their determinations, 
mcotmamidc nucleoside was about onc-third as active as DPN ) The enzyme syn- 
csizmgDPN IS not the same as the hydrolyzing enzyme Gutman ct al showed 
at m hemolyzed red cells hexosc diphosphate was more readily utilized for the 
TOion of ferric hemoglobin when mcotinatmdc was added to suppress DPN 
y olysis In mcotimc acid deficiency an anemia results Icadmg to degenerate 
*■■1110515 and premature ripicning of the erythrocytes On feedmg mcotimc acid an 
increase m red cells and in hemoglobin is observed Evidently the mcotimc co- 
are necessary even in the immature nucleated erythrocytes ” ” 

, ^ ^fls Can couple nbosc to the mcotimc mtrogen to form nucleoside and 

phosphorylatc with ATP to form nucleotide Among the specific effects of 
oxine dcfiacncy leading to a hypochromic anemia in the rat, is the inability 
^^srert tryptophane to mcotimc acid so that the red cells arc low in DPN ” 

1 ■ ^'^■■n^tes of total alloxazinc-containmg compounds Cchc fiavmcs) arc avail- 
nt, compared to the mcotmarmdc-contaimng compounds, they appear to be 
foun^ ^ncentration in the red cells In human red cells, Klein and Kohn’* 
Ijj . * ■■oocentration of flavine adenine dmuclcotidc of o 075 mg / 100 cc cells 
^ flavine dmuclcotidc is about 300 times lower on a wet weight basis 
^^^■■1 heart or kidney tissue and is 100 times lower than the mcotmamidc co- 
^'■iticl'* ^ ^ ’■'■1 cell no d-armno acid oxidase activity, for which the flavmc 
‘■■gEes'^^li ^ ^ prosthetic group, was observed *■” The experiments of Gibson”' 

ptosth ^ *li*phorase-likc enzyme (which contains the flavmc dmuclcotidc 
■’pidlvf ^ firoup) may be present in the red cell Electrons then may be transferred 
Boalb reduced DPN through diaphorasc, through some intermediate earner, 
Tlij f'cmoglobin, to reduce the latter to functional ferrous hemoglobin 

crcij^ th °° riboflavmc (alloxazmc nbosc) to red cells m vivo or m vitro m- 
'''elf dij '^""'cleotidc content about 15 per cent after several hours Alloxazmc 
ivu}! ,, increase the dmuclcotidc content since nbosc was unable to couple 
'tin the red cell »« 

'n the red cells is predominantly m the form of orgamc acid- 
e concentration of inorganic phosphate is here much less than m the 
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plasma and its value depends on the rate of synthesis and decomposition of the 
organic esters rather than on the factors governing the Donnan equilibrium While 
the rate of penetration of inorganic phosphate into the red cell is slow as compared 
to other anions,*'^ its incorporation into organic phosphate is very rapid 
In most mammalian bloods the concentration of organic acid soluble P vanes 
between 50-100 mg / 100 cc red cells with usually one half being x,3-diphospho- 
gly cerate This compound differs from the labile, iij-tliphosphoglyccrate, the 
latter being the normal intermediate in the glycolytic scheme 
Whether the stable diphosphoglyceratc is converted to the labile intermediate 
by way of a mutase, or is brought into the glycolytic scheme by some other meins, 
IS not yet hnown Rapoport and Guest’“ have suggested that 1,3-diphospho- 
gly cerate might serve in adjusting the anion equivalency in the red cells to changes 
in the concentration of diffusible electrolytes in some pathological conditions since 
the concentration of this compound may change rapidly within relatively wide 
limits 

In reticulocytes, the ATP is x-j times higher than in the mature red cell Nucleo- 
protein appears also to be present in tcttculocytcs but not in the mature cells 
It is interesting to note chat the concentration of acid soluble P is higher in the 
nucleated erythrocytes of birds than in mammals, being 90-135 mg/ioo cc. red 
cells with a large proportion of phytic acid-P (50-87 mg /too cc ) and no phospho- 
glyccrate, if the cells of a species contained phytic acid, then it was found that the 
enzyme phytasc was also present m the ted cells of this species, otherwise ph) case 
was absent 

The minerals constitute around o 6 per cent of the wet weight of the cell In 
the human red cell there is six times as much K"'" as Na+, and Cl” is about half that 
of K+ Mg++ IS also present in small amounts and is known to serve as a cataljst 
for some of the steps in the glycolytic scheme The Mg"*^ and K"*' contents of reticu- 
locytes arc higher than in the mature red cell 


VI Mbtabouc Systems or the Mature Erythrocyte 
The average life of a circulating erythrocyte is ixo days Attempts to mitotim 
these cells in vitro at 37 C for even a week show that marked decerwratim 0 ^ 

cells takes place There is liberation of ammonia and exchange of K+ or a acw 

the cell membrane soon after the blood is drawn and concomitantly g ucoie 
appears and lactic acid accumulates, ATP decreases, there is also a ° p 

total organic acid-solublc-P with an increase in the concentrating cells' 

and mcchemoglobin is gradually formed at a faster rate this it ^ ^ 

turning brownish in color At the same time the physical stm , ,, ^ , 

affected, the change being associated with an increase in os 
greater hemolysis in hypotonic solutions compared , „u„asaiai 

Aickness, ctenation, etc A loss of the specific polysacchande gc 

i also occurs ^ „II ,n vivo glucose is undoubt 

For the maintenance of the mtegruy of rhe cell 1 6 

cdjy the mam energy source However, it wo appe 
plasma, continuously being generated by the tissues of the body. 
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pirt The biochemistry of some of these processes for the maintenance of the red 
blood cell are already apparent and one of these, the mechanism by which ferrous 
hemoglobin is kept in a functional condition for ox) gen transport will be discussed 
However, such important processes as the slow but continuous accumulation of 
K+ into the red blood cell against a concentration gradient of K+‘'‘’ and the preser- 
vation of selective permeability of the cell membrane will not be considered here 
because their link with biochemical events is still not clear 
Sfontamous Formation of Feme Hemoglobin (Methemoglobiii) In normal individuals 
the ferric hemoglobin of the blood may vary from zero concentration up to o 5 per 
cent of that of ferrous hemoglobin As we shall see below, a reducing mechanism 
IS present in the red cells to change the ferry: hemoglobin back to the ferrous hemo- 
globin, that IS, back to the functional state for oxygen transport So the level of 
feme hemoglobin in the cells is due to the rate at which ferrous hemoglobin is 
oxidized and the rate at which it is reduced back again 
Ferric hemoglobin is normally produced at a low, constant rate For example, 
hemoglobin of normal human hemolyzed erythrocytes maintained in a saline 
buffer at pH 7 4 at 37 C, m the presence of 95 per cent air and 5 per cent carbon 
dioxide, was completely converted to feme hemoglobin in five days What is 
surprizing is that this rate is so low We have considered above, the magnetic data 
which show that the addition of oxygen to ferrous hemoglobin brings about a pro- 
found change in electronic configuration with pairing of all the unpaired electrons, 
^d this pairing has been suggested to be connected with the prevention of oxygen 
from accepting an electron from the ferrous iron How the feme hemoglobin arises 
IS not known 


ft might be postulated that, for such a transfer of an electron to occur, all that 
would be necessary would be a momentary loosening of the linkage between the 
beme iron and the group on the protein to which it is normally attached This 
^insfer might occur at the moment when an O2 molecule was being added to 
errous hemoglobin since it has been shown that the rate of methemoglobin forma- 
tion IS proportional to the amount of ferrous hemoglobin rather than to the 
>tnount of oxyhemoglobin Apparently once the Oj is attached, the bonding of the 
■fon to the globin in oxyhemoglobin is stabilized 
n agents such as amyl nitrite or propiophenone are added to the blood stream a 
’"tthemoglobinemia is produced These agents bring about the oxidation of ferrous 
CTTic hemoglobin After a time the feme hemoglobin is reduced back to ferrous 
moglobin About o 5 Gm of feme hemoglobin in 100 cc blood per hour arc 
uccd in vivo by the enzymes of the normal red cell according to the estimates 
‘ ffdcr. Finch and McKee 

1 , 'bis reducing mechanism is improperly functioning, too much feme hemo- 
1 , accumulate in the cells and result in primary or congenital methemo- 
Rlob'''^™** Ryon"^ have demonstrated that the congenital methemo- 

a by a slow rate of reduction within the red cell rather than by 

^trtai^d speeds up the rate of oxidation of the hemoglobin as a result of 

tugs (In general, drugs which bring about oxidation arc those which 
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denature the globin, gtvmg nse to hemes which may act as catalysts for ojadanoo 
with oxygen 

Glycolytic System of Enoses and ^.educed DPN In general, the energy released in 
a mature red cell appean to be derived pnmarily from the conversion of glucose to 
lactic acid (fig 5) When glucose is added to red cells lactic acid can be isolated m 
amounts cqiuvalent to 60-90 per cent of the glucose which has disappeared •’ The 
glycolysis Qo’y is + o X5 and its rate is the same in Oj as m N, The 0 , consumpnon 
of the red cells is normally minute, the Qo^ being —0 05 (i e , the cu mm Oj taken 
up per mg dry wt of red cells per hour) It is not known what material is being 
oxidized at this slow rate Another enzyme system which has been studied by 
Dickens (fig 6) appears to oxidize glucose 6'phosphatc in a senes of or/dative 
decarboxylations for which the coenzyme required is tnphosphopyridmenndcotide 
(TPN) Parts of this enzyme system have been demonstrated in the red cell Thu 
system appears to be of minor importance normally, although in the presence of 
methylene blue Gibson believes it may play a prominent role in methemoglobm 
reduction 


Two high energy compounds, namely, ATP (adenosine triphosphate) and 
DPN-Hj (reduced coenzyme) arc produced dunng glycolysis Equation ii (fig 5) 
summarizes the process of glycolysis through pyruvate Let us first consider the 
ATP It IS seen from this equation that to bring about the con venion of one glucose 
molecule to two molecules of pyruvic acid, one most prime the reaction with two 
high-energy phosphate molecules m the form of ATP The ATP molecules are 
required for the phosphorylaaon of steps i and 3 (fig 5) However at steps 6 and 
9 a total of four high-energy ATP molecules is generated, per glucose molecule 
broken down by glycolysis The overall gain of high energy phosphate per glucose 
molecule is thus the conversion of z ADP to z ATP molecules These high-enerp 
phosphate molecules arc in part required for the phosphorylation resynthesis of c 
pyndinc, adenme and nboflavin nuclcoudcs to compensate for the slow hydro )tic 


breakdown in vivo of the coenzymes conuinmg them 
The other high-energy compound produced m glycolysis is DPN Hi, otm y 
the reduction of DPN at the tnosc phosphate dehydrogenase stage 
every glucose molecule glycolyzcd through this stage, two molecules 0 1 

arc formed Since one molecule of DPN-Hi can reduce two hemes of feme hem ^ 
globin to the functional ferrous hemoglobin, this means that a molcc e 0 S “ 
according to this scheme would be capable of bnng about the re 
hemes of feme hcmoglobm It can be calculated that ° tgur) 

globin at the maximum rate of the red cells (o 5 g per ico cc. F ^ 
would rcqmre only about one-tenth the glucose that actually is use p 
cell If DPN-Hj does not reduce ferae hemoglobin, then at s'^P „(■ 

reduce pyruvic to lactic aad However, the tevax of lactate is 

may occur at a reasonable rate only if a relatively high con 
present or if a very low concentration Ht = "O ^9 

(E^ for lactate-pyruvate = -o 180 V, E„ for DPN concentrations of 

may calculate that for a system at cquilibnum ^ J ,0-. that of the 

lacLe and pyruvate, the DPN-H, concentrauon would only be 
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^diphn “ adenosine triphosphate ADP = adenosine diphosphate DPN = coenzyme I 

P 'Wridmc nucleotide or adenine nicotinamide dinuclcotidc DPN-Hi « reduced DPN 
Pio ^ 

° 5 Stem in tub Embden MBTiaBor GLYConirnc Scheme (all steps arc res’crstble) 

'lie In Other words, if lactate were to be the energy source for 

"tition of DPN, the DPN-H; would continue to be formed only if it were 



the mammauan erythro c y tk 


^3^ 

rapidly removed from the neighborhood of the enzyme, or if the DPN-Hi were 
rapidly oxidized 

From these considerations it foUows that for the reduction of feme hemoglobin 
the production of the reduced coenzyme CDPN-H,) from DPN at either the tn 
osephosphate dehydrogenase step or at the lacuc dehydrogenase step is essennal 
in the red cell This has been demonstrated indirectly by Dischc,"‘ and more 
directly by Gibson For example, lodoacctate (o ooz M) is known to poison 
tnose phosphate dehydrogenase and not lactic dehydrogenase If glucose is used 
as substrate then in the presence of lodoacetate no reduction of feme hemoglobin 
can be found, but addition of lactate can still bnng about feme hemoglobin reduc- 
tion in the expected ratio of i lactate oxidized to i feme hemoglobin reduced On 
the other hand, if o oi M NaF (which jioisons the enolasc step by removing Mg^, 
forming the complex MgFPOj) is added to the red cells, together with glucose, then 
reduction can still go on because the tnose phosphate dehydrogenase is still active, 
in this experiment glyccnc aad phosphate is found to ansc as expected (equa 
non li, fig 5) Under normal condinons in the red cell it would appear that re 
duenon of DPN is brought about primarily by the tnose phosphate dehydrogenise 
enzyme 

Flavine Activity in Methemoglobinemia In order to reduce feme hemoglobin to the 
ferrous state, electrons must pass from DPN-Hj the reduced coenzyme, to feme 
hemoglobin This electron transfer does not occur directly to any appreciable ex 
tent, and electron mediators appear to be necessary One important mediator, from 
analogy with other tissues, is probably a diaphorase enzyme which has flavine 
adenine dmucleoude as its prosthenc group It is difficult, however, to conceive 
that the rate of diffusion of a protein enzyme would be sufficiently rapid to bnng 
about reduction of feme hemoglobin Rather docs it seem reasonable to postulate 
that flavine mono- or dmuclcotidc molecules arc present m solution, or that the 
flavine prosthetic groups are only loosely attached to the protem, i e , the flavine 
enzyme is readily dissociated Thus one may picture the electron as passing torn 
DPN-H; — » flavine enzyme — > flavine nucleotide — ^ feme hemoglobin 
Determinations of the flavine adenme dmuclcotidc in normal red cells s ow it 
to be m a concentration one-hundredth that of the mcotmamidc coea^mes c 
suggestion to explain this low content of flavine in normal red cells is t at r uc 
flavine, especially that not attached to proteins, is autoxidizab c an can 
H'O If much flavine were present, the HjOi produced might nng a ou 
formaaon of feme hemoglobin and the HjOj would also ten to 
phynn nng It is interesting to note m this connection that in t c ^ 

bmcmias examined by Gibson”* the metabolic lesion »PP^*^ dmucletotidc 
lack of a diaphorase flavine enzyme, rather than by * decrease m flavine 

This fits in with the findings of Eder et al ■" who . „ .her 

dinucleotide concentration (as measured by the d-ammo oxidase activity; 

methemoglobinemia patients .,5 ],ttlc as 

Catalysis of Kiductm of Feme Hemoglobin by Mitfy 
5 X 10-* M methylene blue is added to ^ ^ ^icse condmons, Gibson'" 
take of Oj IS accelerated more than ten fold Un 
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found that feme hemoglobin was reduced at a rate ten times the normal, and with 
lactate the reduction rate was twice the normal Glucose brought about the re- 
duction of over 6 moles of feme heme in the presence of o 01 M NaF, although 
the theorencal maximum possible in the glycolytic scheme would be only 4 moles 
This suggests that methylene blue is acang as a catalyst for glucose oxidauon, 
which IS coupled with reduction of feme hemoglobin Gibson postulates that 
such an oxidation might well take place through the Dickens scheme (fig 6), 
where TPN-Hj could be produced and serve as electron donor 
In general, the action of methylene blue might be explained by its catalyzing 
the transfer of electrons from reduced coenzymes to ferric hemoglobin In the gly- 
tolytic scheme DPN-H; would be involved, and in the Dickens scheme of hex- 
osephosphate oxidation TPN-Hj would be involved 

Glucosc-6-POi 

iwischcnfcrmcnt 

-t- TPN 
4 ' 

Gluconic-fi-PO* 

phosphoglaconic 
dehydrogenase 4- TPN 

Glnconic-i-keto-6-POi 

decarboxylase 

Pentose-5-POi 

epimerization 

Ribose-5-P04 


Triosephosphate 4- glycolaldehyde’ 

Flo 6 Dickens Scheme'” tor the Stepwise Oxidation or Glucose Phosphate 


^ ’Enhancement of the reducing ability of normal red cells and also of abnormal 
® tnethemoglobinemia cases, when methylene blue was added has led to 
of treatment Finch"* has recommended oral administration of 100-300 mg 
d , blue per day to adults with congenital methemoglobinemia, this 

] j. sufficient to decrease the methemoglobin of the red cells to 1 per cent or 
j(T ^ ^°^^I hemoblobin In this connection it would be interesting to study the 
° nboflavin itself to such patients 

^nnot the tncarboxyhc aad cycle is present in the mature erythrocyte 


I ‘Et be answered Studies on intact dog red cells by Spicer et al *** indicate 
succime acids arc ineffccavc in bnnging about reduction of feme 
®ttab ^^hether these substances cannot penetrate the red cell or cannot be 
'ffeen ™ known However, fumanc and mahe aads were found to be 

' rcducDon of feme hemoglobin These results suggest that in the 
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present a fumarose hydrating enzyme which converts fmnanc to 
present a malic dehydrogenase enzyme which 
oxidizes mahe to oxalaccac. This oxidaaon to oxalaceuc is coupled with the 
reduction of DPN to DPN-Hj Nossal”* has shown that fumanc aad increases the 
Oi uptake of the red cells shghtly but more so m the presence of methylene blue 
The Oj uptake in the presence of methylene blue was greater with fructose than 
with glucose, less with mannose and soil less with galactose, nbose and arabinose 
deduction of Feme Hemoffobin by Astorbte Aetd It has been found m congenital 
methcmoglobinemias that the ascorbic acid of the blood ts decreased from a normal 
value of about i 5-1 o mg per 100 cc down to about o 15 mg /loo cc fhe gluta 
thionc of the red cells is also found to be decreased from about /fa mg /roo cc blood 
to io mg Despite adequate diets the ascorbic acid remams low m rhny cases, 
s'lggt^ting that It might be utilized to some extent in the reduction of feme hemo- 
globin 

It has been noted that the maximum feme hcmoglobm ansmg in congemtal 
methemoglobinemia is between 30-40 per cent of the total hemoglobin When 
ferrous hemoglobin solutions arc injected mtravcnonsly, feme hemoglobin 1$ 
formed, likewise if feme hemoglobin solutions arc injected mtravenously an 
cqmhbnum is established at about 40 per cent feme hcmoglobm A reducing mech 
anism must be present which prevents feme hcmoglobm from increasing above this 
value It has been suggested that ascorbic aad is the functional rednang agent 
Because of the relatively poor reduemg ability of ascorbic aad, its functionmg be 
comes appreaable only when a relatively high feme hemoglobin concentration has 
developed Calculations of Sicvcrs and Ryon'” indicate that the reducing ability 
of ascorbic acid is far greater than can be accounted for by even stoicbiomemc te 
action It IS possible to explain this action by assuming that feme hemoglobin in 
the red ccU reacts directly with ascorbic acid and that the dehydroascorbic aad thus 
formed diffuses back mto the blood stream and is reduced to ascorbic acid by other 
body cells Satisfactory results in decreasing the methemoglobinemia down to ? m 
per cent methcmoglobtn have been reported when large doses of ascorbic aci 
(100-500 mg daily) were fed , 

Glycolyses tn Hmolysates It was observed by Warburg and Chnstian t at i 
hemolysis of the red cell glucose was no longer utilized and endogenous rcspiratiOT 
soon ceased No reduction of feme hcmoglobm occurred m hefflolysates even m t 
presence of methylene blue However, if glucosc-6-P04 were used as su straK 
glycolysis could proceed slowly Evidently some enzyme or coenz^c tv ‘ 
for d,r phorphoryUrroo of jlooor. w„ 

Gutman, Jandotf and Bodansky" confirmed this work In a . 7 ,^^,5 d,. 

DPN tended to be hydrolyzed in the hemolysate and that j^yctionof 

mmishcd by the addition of nicounamidc They observed con 
feme hcmoglobm when hexose diphosphate or lactate was 

presence of nicotmamidc and methylene blue hemolysates is suggested 

The reason for the nonphosphorylation of ^ucosc in ^ 
by » bo d«o ,0 .bo obsoocc of ATP «' oo* 

cL of o oi M NaF or o or M bromoacctare, ATP transpnosp 
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glucose to form hexosephosphate and trioscphosphatcs so the biochemical lesion 
in the hemolysate did not lie in the steps above the tnosephosphate stage (fig 5) 
In a study of the gl}colytic enzymes of brain hemogenatc, Racker and Krimsky'*’ 
found that tnosephosphate dehydrogenase at step 5 (fig 5) appeared to be the most 
readily damaged of these enzymes, even being inactivated by traces of iron salts 
If the tnosephosphate dehydrogenase enzyme were inactivated by hemolysis, it 
would offer a satisfactory explanation for the nonutilization of glucose since no 
ATP could then be formed and glucose could not be phosphorylated 

It may be noted in conclusion to this chapter that the metabolic problems of the 
ted cell arc not merely of theoretic interest One of the major practical considera- 
tions of wartime research was the development of conditions for the maintenance 
of the erythrocyte in vitro so that whole blood might be shipped to the fighting 
fronts 1“ Under the best conditions, satisfactory preservation of'the blood for 
twenty-one to thirty days was obtained by using an acid-citrate-dextrose* solution 

developed by Loutit & Mollison The temperature for preservation was 4-10 C 
Curate was used as anticoagulant, glucose was added to maintain glycolysis, and 
the final acidity of the blood at pH 7 o seemed to stabilize the enzymes and min- 
>miz<: the ATP changes 

Another practical problem of greater complexity is the maintenance of erythro- 
<^s at 37 C in the study of malanal infections with the hope that a knowledge 
0 the nutritional requirements of these organisms might lead to a rational chemo- 
therapy m 115 


Summary 

The erythrocyte is a unit of protoplasm highly specialized for the functions of 
1 and COi transport but still containing sufficient repair systems for maintaining 
Itself for about izo days 

The erythrocyte develops through a complex senes of changes, ansing from a 
t'ticular cell of the bone marrow and differentiating into an actively synthesizing 
dividing nucleated cell After a time the cell stops dividing, the nucleus begins 
^generate and a differentiation takes place in the cytoplasm, the complex mix- 
tt of Cytoplasmic proteins includmg mitochondria being replaced almost but 
Completely by a single kind of protein, namely, hcmoglobm 
j actions of several of the anatomic features of the hemoglobin molecule are 
cred The hemoglobin molecule has a molecular weight of 68,000 with 4 
umts which lie parallel to each other, two being on the proximal and 
0 On the distal surface of the globin The globin appears to be made up of 4 poly- 
layers with the planar heme umts lying perpendicular to the polypeptide 


‘Tnsodinm citrate 5. H5O ■ 

iJinc acid U S P 

p 

DHotc to I “ a.45 B 

vr h H O The pH of this solunon IS about 5 o Because of its acidity it can be auto- 

dextrose This solution is used in the proportion of 13 cc per 100 cc 
* y 75 cc of fluid per 500 cc of blood) 
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The heme umcs possess a rcsonaang nag structure which stabihzcs the unit. 
The two viayl groups an the penphery of the heme appear to be necessary if 
an iron atom is to be inserted into the newly formed protoporphj-nn nng The 
two ionized propionic aad groups also at the penphery of the heme, appear to be 
required for orienting and attaching the heme unit to two strongly basic groups of 
the globin, possibly guanidine groups of arginine The attachment of the iron of 
heme is postulated to be to an imidazole nitrogen of a histidme residue of the 
globin This latter attachment is by itself a weak bondmgbut is stabilized not only 
by the coulombic attraction of the ionized propionic acid groups but also by the 
Van der Waals forces between the globin and the planar rcsonatmg porphyrin 
The attachment of the iron to the imidazole group endows the iron of the heme 
with the property of combining with Oi reversibly, the addition of Oj being con 
nected with a pairing of all the unpaired electrons in the complex Probabl), as a 
consequence of this pairing of electrons, the Oi docs not act as an oxidant as it 
would if the special iron link to globin were destroyed The iron of the heme is 
bound to 6 atoms or atom groups It binds 4 nitrogens of the protoporphyrin m the 
plane of the nng Below the plane of the nng it binds one nitrogen of the imidazole 
group, and above the plane of the nog it may then bmd O* reversibly The second 
nitrogen of the imidazole group is postulated to change its lomzation with a 
change of oxygenation of the hemoglobin, this change in ionization makes pos- 
sible the conversion of some 50 pet cent of the COj transported in the blood to 
bicarbonate ion, without appreciably changmg the pH of the blood A zinc pro- 
tern, carbonic anhydrasc, is present in the erythrocytes to catalyze the normally 


slow hydration-dehydration of the COrHjCOj system 
How this non-nuclcated erythrocyte is mam tamed in a functional state for a life 
span of izjO days is poorly understood The erythrocyte has a very low Oj utiliza 
non which is compatible with the fact that the mitochondria, which arc believed 
to be the seat of cytochrome oxidase activity, arc absent However, there is present 
a rather complete glycolytic system which appears to pla> a major role in the 
metabolic life of the mature erythrocyte Hemoglobin is sltnvly converted ^ 
intact erythrocyte to feme hemoglobin, 1 e , metheraoglobin The roetheraog 0 m 
IS reduced back to the functional ferrous form by reduced diphosphopyn me nuc 
Icondc ansing during glycolysis Riboflavin enzymes appear to act as i ^ 
mediators between reduced DPN and mcthemoglobm The ^ , * 

enzymes which arc slowly undergoing hydrolysis are regeneratea ) 
triphosphate produced in glycolysis Catalase is present, ptobab y to ^ 
heme units of hemoglobin against HjO-, the hemes being cspecia > Q 


pcroxidativc attack at the methene links 
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CARBONIC ANHYDRASE ACTIVITY IN ANEMIA, WITH A NOTC 
ON POLYCYTHEMIA VERA 

B/ H D Lewis, M D , and M D Ali^chdle, M D 

]V ttb tht technical assistance of M Tatlor 

T he erythrocytes of the blood contain a nninbcr of respiratory enzymes, 
one of which, carbonic anhydrasc, is important m the transport of carbon 
dioxide The conversion of carbon dioxide derived from the tissues to bicatbonacc 
in the blood, and the breakdown of bicarbonate to release carbon dioxide in the 
Jungs could not proceed at a rate compatible with health if it were not for the 
presence of carbonic ^nhydrase in the ted blood cells This enzyme, widely dii 
tnbuted in nature, is especially abundant m mammalian ciythrocytes Since the 
enzyme in the blood is contained wholly within the erythrocytes, it is apparent 
that the carbonic anhydrasc activity of the blood might be abnormal in anemia 
Although earlier workers have investigated the blood carbomc anhydrasc ac 
tivity in anemic blood,'~’ their studies were earned out by means of methods which 
were not stnctly quanatauve and which had no significance for respiratory fane 
non at body temperature Accordingly it was considered desirable to study this 
matter again, using a new method 

Materials and Methods 

Ooc huodeed aod twelve observations were made on 85 patients, tbe latter /or the most part vttre 
patients with anemias of various types and degrees Some panents not tncmic, were also lodmJcd m 
order to control phenomena assoaated with anenua such as icterus bone marrow disease etc- Fire of 
the patients studied had polycythemia vera The ages and diagnoses arc W the tables AU studies kot 
made on venous blood ac 37 C by means of a method dcsaiTxdclrewbcrt'^tbcincthodisa modification 
that of Mitchell ct al * in that the Warburg apparatus is used observations arc made at 37 C, and ca 
lations of activity arc nude by extrapolation to undiluted blood from mcasurcincnts w) 
diluaons In each instance rDcasurements were made w dopheate using three different ilouoos 0 
blood so that six measurements were made on each sample Erythrocyte counts and rocasuremcncs 
hemoglobin content and hematocrit were made on each sample of venous blood used for the 

of carbonic anhydrasc activity The Endings in normal sob/ccts by means of this method are sun 

in able i 


Observations 

Femtems Anemta 

of the 10 pauents studied, 8 were anemic when first seen, the 
responded completely to treatment given previously All 
anemic showed levels of carbonic anhydrasc which 
range, i c , they lay between i i and z 4 units per ml of b 

From the Medical Service and Medical RcKarch X^boratonej Beth Israel Hospital 
:acn: of Medicine HanaM Medical &hooI ^ u S Navy andHarvan! 

Done in accotdance with a contract between the Office ol N 
University 
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In ill of the anemic subjects the carbonic anhydrasc activity of the blood was high 
rcliuve to the hemoglobin concentration and erythrocyte counts, in all but z the 
catbomc anhydrase per unit RBC was also above the upper limit of normal, i e , 
5 8, at some time (fig i) Dunng the course of treatment, absolute values for 
blood carbonic anhydrase acuvity rose, however, since hematocrits, hemoglobin 
levels and erythrocyte counts increased several times, the ratio between carbonic 
inhydrasc activity and these measurements decreased toward normal (table z, 
fifi z) Normal relationships between enzyme activity and hematologic measure- 
incnts did not regularly obtain, however, until the latter had returned to or almost 
to normal (table z, fig z) 

Bl^d Loss 

Anemia consequent to hemorrhage from peptic ulcer or from carcinoma of the 
stomach, colon or bladder was associated with a decrease in blood carbonic an- 


Tablb I — Ohstnmticns in Fertj tun Ntrmal Subjtas 



RADge 

Average 

fl'autoent (per cent erythrocytes) 

™noglobin (grams per ml blood) 

^hrocytei (bilhons per ml blood) 

Anhydram (amts per ml blood) 
tAnhydrate(umt5permI erythrocytes) 
ate Anhydrase (units per gram of 
“Ooglobin) 

Anhydrase (umts per bilhon erythto- 

38 0^6 0 

45 i 

0 133-0 135 

3 81-5 93 

I 1-1 6 

I 0 138 

4 87 

I 8 

1 6-5 8 

8-17 

4 05 

13 

0 15-0 56 

0 37 


activity (table 3, fig 3) The fall in activity of the enzyme paralleled de- 
of t*'* hematocrits, hemoglobin levels and erythrocyte counts, so that the ratio 
oonic anhydrase activity to these measurements was in the normal range in 
infl Neither the cause of the bleeding nor Its chronicity 

^0^ the level of activity of the blood carbonic anhydrase, the 3 patients 
With' whom the anemia had been present for months 

tiv rv^ decrease in cell size, showed relauonships between enzyme ac- 

th ^ t'"* ^^lous other measurements made on the blood which were similar to 

I patients with blecdinn of recent onset, chanees in cell size had no 

“finificant effect 

Hiciion 

^'J'mia was encountered in 10 patients in association with chronic febrile 
Nlmo ' ■'^'^luded rheumatoid arthritis, rheumatic fever, pyeloncphntis, 
*hghti°^ '^hcrculosis and ulcerative coIins The carbonic anhydrase activitj was 
m id every case lay within the range of normal in keeping with 

’uhca anemia (table 3, figs 4 and 5), the presence of persistent di- 

30 and 31, Table 3) did not influence the findings 
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Urtmta 

The inenua of uremia hkcrvisc was found to be accompanied by a decrease in 
Wood carbonic anbydrasc level, tbc dtmiauaoa in acnvity of the enzyme m the 
blood paralleled the seventy of the anemia so that the ratio between carbonic 

Ta*lb x.—OhstTvati$ns in Pniimts with Ftmmtm Anmu 



anhydrase acuvity and the hematoents, hemoglobin levels and 

remiuned normal (table 3 . figs 4-^5) ITm seventy of aados.s did not influence 


the findings 


Hepatic Disease 

Of the eight patients with arrhosis studied, four were memic 
not In all of them but one the rauos of carbonic anhydrase ac ty 


and the others 
to hcmJtocntSi 
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HEMATOCRIT percent rbc 

Hnj Anemia Relation between Carbonic Anhydrase AcnviTT op Whole Blood 

orinn .L pirallclogram indicates the normal range the dotted line is drawn from the 

‘•'rough the average normal valoe 



HEMATOCRIT percent rbc. 


••rNATocaiE Anemia Relation between Carbonic Anhydrase Activity op Erythrocytes 
“T ditocytt, th I, ' hatched area is the normal range for carhonic anhydrase activity per ml 
oRvy line through it is the level of the normal mean value 


^'^ption erythrocyte counts were normal (table 3, fig 6), the one 

Rncinia he ^ excessive amount of the enzyme for the degree 

presented and one of those with normal ratios (Case 37) was at the 
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Ate Sci 


65 M 



3 X Uremia 

39 5 \%cck$ later 


3 5 Ufcinia 


5 6 Portal Grrhosis 


Portal Grrhosis 


Portal Grrhosis 


Portal Grrhosis 


Portal Grrhosis 


Portal Grrhosis, hemorrhage 
After 1500 blood I V 


Biliary arrhosis, severe icterus 


3 3 Hemachromatosis 


GiDCcr of pancreas, severe icterus 


Cancer of liver severe icterus 


Chrome myelogenous leukemia 
After 3 weeks 
8 After 6 weeks 

4 After 7 months 


Chrome myciogenous leukemia. 


Chrome meylogcnous leukemia 
After I week. 

After 3 weeks 


Chrome myelogenous leukemia. 


6 5 Chrome myciogenous leukemia. 


Chrome meylogcnous leukemia 


Chrome myelogenous leukemia. 


Chrome myelogenous leukemia. 
After 3 months 






































































SicUe cdl inemn 
After I month 

Sickle cell jneim* 

Infecnons mono-nncleinn- 

Cooler s enenui. 


j o j AcatelW rW Aa«°‘« _ 
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Table 3 — C 9 mlifdtd 




Sex 

HcpuUocHt 
per cent 
erj^hrocytes 

Carhonxc 
Anhydrase 
units per ml 
blood 

Carbonic 
Anhydrast 
units per ml 
erythrocytes 


78 

S’- 

F 

39 0 

I 6 

4 ’ 

Familiil Hemolytic Icterus 

7 S 

34 

1 

36 0 

’ 7 

4 7 

1 Anorexia nervosa 

80 

a 


1 

33 0 

a 0 

6 I 

1 

Diabetes mellitns malnutrition 

81 

9 


{ 69 

2 - 7 

3 9 

Polycythemia Vera 

81 ! 

60 

M 

69 1 


4 5 

Polycythemia Vera 

83 

80 

M 

1 56 5 

I 8 

3 ^ 

Polycythemia Vera 

84 

55 

F 

60 0 

L 1 

3 5 

Polycythemia Vera 

85 

55 

F 

67 s 

a 6 

3 9 

Polycythemia Vera 



Acn\T ^ Blood Loss Pol\cvthbmia Vera Relation between Carbonic Anhtdrase 

Blood and Hematocrit The crenellated docs indicate polycythcnua vera The 
nonnjl the normal range the dotted line is drau*n from the origin through the average 

borT'^ j normal The presence of icterus caused no deviation from the car- 
c an j rase actmtj expected on the basis of the hematological findings 

and All, cdCcvd, ties 

"ho present in all of the 17 patients studied, with the excepuon of one, 

3Cute m\elogcnous leukemia (table 3, Case 53) When anemia was present, 
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the blood carbonic anhydrasc acuvity was reduced as a rule to or below the lower 
range of normal, the ratio between enzyme activity and hematoents, hemoglobin 
levels and erythrocyte counts remaining normal (table }, fig 7) In 4 patients, 
however, (table 3, Cases 45, 48, 49, 50) who compnsed half of the patients with 

UJ 



HEMATOCRIT percent rsc. 


Fiq 4- — Antoow Of Bu»d Lesa, Iktectioh AMO UnEwiA. Poltctthoca VnA. RxukaovitTwtcr 
Cajlsokic AKHYDfAra Acnvrrr or Eutthio ciiei ano Heuatocut The croa-hitchcd arti u the cof 
mil range for carbomc anhydrase activity per ml erythrocytes, the heavy hue throii|h it is the Icrcl of 
the Qonnal mean valoe 



HEMATOCRIT percent rbc. 

Fio 5 — AireMiAs or IwracnoN and o» Uaema. Rhatiov nirwnN inJiata 

or WnotE Buxid and HKHAtoaax The ctcnclUtcd doo Indian: nmnu 
the nomul range, the dotted line u dawn from the ongm throogh thcartagt 

chronic myelogenous leukemia, the blood carbomc 

normal range m spite of the presence of anemia, abnor 

acuvity and hematoents, hemoglobin levels and crythroc) 

mally high 


lAssctllaneous Anemias 


Studies on instances of vanous uncommon typ« 
excepuons, blood carbonic anhydrasc levels m or 


,a revealed, with a few 

ic lower normal ranr. 
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decreases m enzyme activity paralleled the severity of anemia so that the ratio 
between carbomc anhydrasc level and the hematocrits, hemoglobin levels and 



Flo 6 Hepatic Duease Relation between Caebonic Anhtdeasb Acrrvmr of Whole Blood and 
H^natocett The crcnclUtcd doti lodiCEic jinodicc, the pETallclogram lodiCEtcs the nomul range, the 
EOtted line h drawn from the origin throngh the average normal valoe 



HEMATOCRIT percent Rat 

0,^1^ .Z ^““nia Relation between Caebonic ANinfDEAiE AenviTr of Whole Blood and Hemat 

•L ^ Iclogiam indicates the normal range the dotted line is drasvn from the origin through 
>'TTagc nomul value 

n roc\ tc counts were normal Exceptions to this finding were encountered in 2. 
nts With dictars malnutrition (table 3, Case 77) and x of the 4 instances of 


carbonic ANHYDRASE ACnviTY IN ANEMU 


refractory anemia (table 3. Cases 6 e and 64), the x other cases of refractory 
anemia (table 3, Cases 63 and 65) revealed rauos in the normal range 

Polycythemia Vera 

Patients with polycythemia vera showed values for blood carbonic anh)dnse 
activit) high in or above the normal range, depending on the seventy of the condi 
non (table 3, fig 3) The ranos between enzyme activity and the hematoents, 
hemoglobin levels and erythrocyte counts were normal (fig 4) 

Discussion 

The present study for the most part is in qualitative agreement with the earher 
observations of Lambic * on anemia Different types of anemia vary m regard to 
the rclaUon between red cell mass and carbonic anhydrasc activity of the blood 
In the commonly encountered anemias consequent to loss of blood, infection 
and uremia and probably also in the less common aplastic and hcmolync anemias, 
a decrease in erythrocytes signifies not only a parallel loss of hcmoglobm, bntalso 
a corresponding diminution in carbonic anhydrasc activity of the blood The 
same condition also obtains in most patients with anemia associated with hepatic 
disease and with leukemia and allied conditions On the other hand, in patients 
with pcmiaous anemia and in some instances of refractory anemia, of hepatic 
disease and of myelogenous leukenua, the blood carbonic anhydrasc activity it 
mains in or only slightly below the normal range in spite of marked decreases in 
hematocrit, hemoglobin level and erythrocyte count Patients with pemicioas 
anemia have extremely high blood carbonic anhydrasc acuvity relauve tooythro- 
cyte count and exhibit levels of enzyme acuvity which ma) be several tunes as 
high as that shown by patients with comparable hemoglobin or hematoCTit levels 
associated with anemia of blood loss, infecuon or uremia The reason for this 
difference is not known In contradisunction to earlier workers’"’ no evidence was 
found to support the concept chat icterus increases blood carbonic anhydrasc 
activity , 

The precise significance of the findings of the present study cannot ^ 
in the absence of complete informauon as to the physiological function 0 c 
blood carbonic anhydrasc Thcorcucal considerauons indicate that its property 
of accelerating the reaction fijO + COj HCOj is csscnual for the 
of accumulauon of carbon dioxide m the body It appears, therefore, nr 
the conditions of accelerated blood flow through the tissues an uflg| 
obtain in anemia,' the need for carbomc anhydrasc is greater than norm 
There is no experimental evidence available at present whic 
of blood carbonic anhydrasc acuvity definitely causes dyspea 
inhibits carbonic anhydrasc and therefore observations on s ,j,c 

non arc pertinent to the problem of dyspnea The chuica o ' ,g. 

administrauon of sulfanilamide causes increased respiratory a m 

tolerance to cxcrcisc”> and to inhalation of only u the at 

interpret, in clinical conditions of sulfooatmdc the renal tubular 

tivity of the carbonic anhydrasc of the blood depressed , of aadosis 

carbonic anhydrasc probably is also, with the conscq 
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due to loss of base Changes in blood and urinary chemistr) over a period of time 
after adtoimstration of sulfanilamide are so complicated as to suggest the effects 
of the action of several factors The work of Wood and Favour® showed, how- 
ever, that the injection of sulfanilamide intravenously rapidly causes inhibition 
of the enzyme in the blood and that immediately thereafter lowering of the ar- 
terial blood carbon dioxide content occurs This observation suggests that de- 
creased carbonic anhydrase activity in the blood may cause or contribute to dyspnea 
through impaired removal of carbon dioxide from the tissues, accumulation of 
carbon dioxide in the brain causes stimulation of respiration with consequent 
hyperventilation and immediate lowering of arterial blood carbon dioxide tension 
Apparently accumulation of carbon dioxide in the blood through retardation of its 


excretion in the lungs is not a factor The fall in artenal blood carbon dioxide level 
which occurs as a consequence of inhibition of carbonic anhydrase activity by ad- 
fflimstration of sulfanilamide resembles the decrease in blood carbon dioxide usually 
found m patients with anemia*, however, in these patients additional factors, 
''^h as anoxia and also impaired heat dispersal consequent to cutaneous vaso- 
constnction, also cause hyperventilation Data now available do not permit distinc- 
tion between hypierventilation pwssibly due to lack of carbonic anhydrase and that 
consequent to other factors in patients with anemia 
The numerous and complex cardiovascular and respiratory compensations in 
wcmia have been discussed elsewhere * The importance of erythrocytes in carbon 
^loxide transport is estabhshed Although the red blood cells hold less carbon 
^ they take up approximately 40 per cent of the carbon dioxide 

^ t to the blood as it circulates through the tissues The mechanisms whereby 
7 tocytes arc able to hold so much carbon dioxide at a pH of 7 i in competition 
‘t ^asrna whose pH is 7 4 have not been dehneated completely Several factors 
uccn studied Hemoglobin is a buffer, change in its acidity when it is reduced 
cyter'^ itnportant part of the carbon dioxide carrying power of erythro- 
ts. carbomc anhydrase is important in this phenomenon, for without the enzyme 
^^“not enter the red cells in a normal fashion “ Similarly the 
e shift cannot occur at a normal speed in the absence of adequate amounts 
^bonic anhydrase in erythrocytes Another possible factor, not 
toinh ^ *^dicd, IS the transport of carbon dioxide in the form of carbamates in 
j,i]j ''*t*on with hemoglobin and possibly other substances, it is probable that 
■uterfe^ ^*ctors also operate Whether deficiency of blood carbonic anhydrase 
invoK carbon dioxide transport solely through impairment of mechanisms 

tljj J'cmoglobin or whether other factors also play a part is not known, 
•n blood ^°'"P^cte knowledge as to the precise function of carbonic anhydrase 
role of ^ ^'^^“^pott makes it impossible at the present time to examine critically 
^ ° nic in the production or prevention of symptoms 

Carbon hemoglobin is essential for oxygen transport and very important in 
hi\c ' c cransport, the fact remains that patients with pernicious anemia 
^ known to tolerate exertion without the development of severe 
C'atcd With d"^'” blood hemoglobin level is as low as that which is asso- 
ccusjqy^j )spnea in patients with some other chronic anemias, such as those 
xo slow loss of blood This fact indicates the importance of factors 
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o^cr ^an hemoglobin level m the genesis of the dyspnea of anemia and sueecsts 
that the observed differences m blood carbonic anhydrase acuvity might be sie 
nificant in this regard * 

In poI)cytfaemia vera, the increases in blood carbomc anh)drasc activity s\hich 
parallel increases in hematocrit apparently have no vital imporunce m the altered 
cardiorespiratory funcuon which occurs in this disease 


Summary and Conclusions 

Measurements of blood carbonic anhydrase activity were made in patients with 
a variety of blood dyscrasias, using a new method In patients with anemia due 
to loss of blood, infection and uremia, and in most of those with anemia associated 
with liver disease and leukemia, a constant relation was found between blood 
carbonic anhydrase activity and the hematocrit, the same holds in polycythemia 
vera In patients with pernicious anemia, and in some with refractory anemia, 
and anemias associated with hepatic disease and with myelogenous leuLcmia, 
blood carbonic anhydrase activity was in or near the normal range in spite o! 
lowered hematocrit values The possible relation between these differences 
among anemias and the tolerance of patients with vanous anemias to cietcise is 
discussed 
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THE ZINC CONTENT OF WHOLE BLOOD, PLASMA, LEUKOCYTES 
AND ERYTHROCYTES IN THE ANEMIAS 


By Beet L Vallee, M D , and John G Gibson, II, M D 

W E HAVE previously described our findings of the zinc content of normal 
■whole blood, plasma, leukocytes and erythrocytes * The following zinc 
concentrations m micrograms (gammas) were found to represent the normal 
pattern 


Whole Blood 

Plismj 

LeuLocytes 

Erythrocytes 

Erythrocytes 


Amts Ilf |j{ 
8 8 
3 o 

3 X X io~ 


SJ ) 

±x o 

±i 6 

dri 3 X lo" 


Unit 
J cc 
I CC- 

I million cells 


I 34 X 10-* ±0 X X I million cells 
14 4 ±x 7 I cc.* 

Sutton and Nelson,* * and Smith and Larson^ fed zinc to rats and observed the 
^cct on crychropoicsis and Icukopoicsis as reflected in the cytology of the pcriph- 
ttal blood No measurements of the zinc content of red and white cells were carried 
out, however No quantitative measurements of the zinc concentrations of the 
ood Components in patients with anemia arc on record The study herewith 
reported was conducted on patients afflicted with various types of anemia, in an 
attempt to elucidate the role of zme in erythrocytes 

Method 

technics and method of mcasnnog blood zinc content have been desenbed pre- 
tal inj nomber of pauents which was studied in eaich category prcclndcd internal statist! 

2** the evaluation of individual 

^^centrauons lying outside of two standard deviations were considered abnormal For two 
acnitions One would expect i out of xo observauons on normals to fall outside of these limits 


permaous anemia were studied Samples were obtained prior to or within a few 
®ltinic Five of these patients were followed over a prolonged penod 

^ let d ^ maintenance therapy with liver cxcncc A total of 34 blood samples was analyicd 
((j lijYt patients With vanous types of anemia was invesagated Five pancncs were fonnd 

t^ractoty anemia Three of these patients had white blood cell count* below 
'’clclc cell ^ were anemic secondary to hemorrhage x had an anemia of infection x had a 

Uovj rj * patient each had nutritional anemia iron dcfiacncy anemia, splenic anemia infeC' 

^mdeosis, aad G>oIcy t anemia Thar was a total of X3 blood samples 


Material Studied 


Tabic 1 


Results 


^culon ' zinc concentrations found in whole blood, plasma, 

and erythrocytes m patients with anemias other than pernicious anc- 

H Medicine, Harv ard Medical School and the Medical Clinic of the Peter Bent 

Boston and the Department of Phjsics, Massachusetts Insotutc of Technology 

* * rc. ^ in aid from the National Institute of Health 

^ oocytes packed b) ocntnfagiog at 3000 r p.m for 30 minutes 

433 
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mia Tabic l presents similar dau obtained from patients with pernicious anemia 
The values for the zinc concentrations contained in i ml of whole blood due to 
plasma, lcukoc> tes and erythrocytes arc shown in tables j and 4 These values wete 
calculated as previously descried ' 

The abnormal red blood cell findings arc essentially limited to patients with 
pernicious anemia and possibly sickle cell anemia In permcious anemia, in contrast 
to other forms of anemia, in which zinc concentrations were found to be in the 


Tablb 1 Tht Unit Valuts of Zinc Crrtteti^ sf BluJ Flasota LtokoQUs stitl tn Aotntos 

fth/rthaij PtnjtciPKs Antmta 


Erp No 


RBC 

per 

Hct?; 

14 ^ 

Refractory Anemia 

3 M 

M 1- 

17 1 

Refractory Anemia 

3 65 

10 0 

17 1 

Refractory ’ Anemia 

3 60 

31 6 

17 3 

Refractory Aqcmia 

3 V- 

a 9 9 

18 I 

Refractory Anemia 

3 66 

36 6 

I 

Refractory Anemia 

3 73 

38 7 

35-1 

Refractory Anemia 

3 i-s- 

30 0 

81 I 

Hemorrhage 

1 68 

X4 0 

106-1 

Hemorrhage 

3 51 

36 a 

118 I 

Hemorrhage 

1 91 

14 0 

153 s 

Hemorrhage 

i 93 

3 

43-1 

Nucnnonal 

3 3 ’- 

33 0 

133-1 

Iron Deficiency 

4 76 

37 5 

3 S-I 

Uremia 

3 1-5 

30 6 

111 1 

Uremia 

i 93 

x8 7 

38 1 

SicUc Cell 

3 93 

31 0 

98 1 

SicUe Cell 

3 85 

34 0 

133 « 

SicUe Cell 

3 ’■9 

31 0 

56-1 

Splemc 

3 99 

31 6 

66-1 

Infection 

3 98 

39 0 

107 1 

Infecnon 

3 78 

36 9 

lOX 1 

Inf Monon 

3 

33 0 

97 1 

Cooley » 

3 46 

36 0 


• Sample lost in processing 


MCV 
in ti* 

Unit Content by DiihUonc EilmUoa 

WTioic 

Blood 

1 Plumi 

1 Leuko- 
j cyte* 

Etythrocylo 

7 per ml 

tX 111 -' 

per I X 
10> rriU 

rX in 
per 1 X 
10> ceils 

cdli Core 
foril C,\ 

74 

5 

13 

s 

1 ’ ’ 

3 3 

t 49 

17 7 

35 

0 

3 

0 

1 1 5 

16 1 

_ .♦ 

♦ 

88 

0 

5 

6 

X t 

55 5 

0 jz 

10 0 

87 

5 

4 

X 

I 3 

16 8 

1 05 

9 5 

100 

0 

11 

5 

1 8 

IJ 0 

I 60 

i6 4 

$0 

5 

8 


4 4 

0 

1 33 

13 6 

93 

X 

8 

1 

3 7 

I 8 

z 06 

“ 3 

9 " 

0 

3 

7 

1 3 

I I 

1 69 

18 9 

88 

6 

IX 

8 

9 ' 

z 6 

1 51 

18 8 

81 

X 

7 

I 

- 5 

3 9 

1 16 

>3 4 

87 

0 

6 

8 

3 ° 

1 4 

I 43 

16 3 

90 

5 

17 

8 

11 7 

4 1 

I €l 

iB 4 

79 

0 

6 

7 

I X 

, -» 

I ot 

ji 8 

94 

5 

7 

0 

1 7 

4 0 

1 43 

'r t 

97 

78 

0 

0 

5 

ii 

I 

z 6 

4 ^ 

4 4 

j 6 

I 63 

Z 01 

16 7 f 

15 8 f 

88 

0 

7 

a 

I 4 

• 

1 50 

17 0 ; 

97 

5 

j6 

3 

4 i 

1 6 

I Jt 

15 6 

79 

0 

8 

4 

4 fi 

6 4 

t 5 ^ 

>9 3 

99 

97 

103 

104 

0 

5 

0 

0 

11 

10 

6 

4 

X 

4 

3 

7 

4 5 

4 3 

i € 

I X 

1 6 

6 6 

1 B 

_LL- 

I 93 

J 86 

i 30 

> 15 

19 1 

5 

iz 0 


normal range, the unit red blood ccU zinc 
mficantly increased, but returns to within normal him 


Discussion 

The over-all limitations of the 

tology) have been found to be detaed by « cno^J ^ ,,h.tc cells, 'n 

The direct measurements for whole blood, plasma, reu 
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the group of secondary anemias, given in table i, are graphically depicted in 
figure I 

Tabli a.— Umt Vahis cj Zwc Content of Whole Blood, Flettma, Lenkoejttes and Erythrocytes in 

Pemtetous Arumta 


Eip ho 

Days of 
Dbservx 
tiont 

RBC 

P« 

Het 

% 


Unit Content by Dithlrone Extraction 

M CV 

Whole 

Blood 

Plasma 1 

,^kocytcs 

Erythrocyte* 

in 

y per 

ml 1 

T X lO-* 
ler 1 X 10* 
celU 

tX 17-’ 
per 1 X 10* 
cell* 

Zn 7/cc, 
»ckM red 
cells Corr 
for 11 C V 

IJ-I 

I 

I 80 

17 1- 

151- 

7 5 

I 1 

I 6 

3 38 

XX 4 

lJ-1 

5 

1 94 

17 

143 

6 7 

1 7 

X 6 

X 65 

19 0 

'9-3 

10 

3 70 

37 0 

100 

ZI I 

4 7 

4 1 

1 75 

17 5 

19-4 

40 

3 ^3 

35 1 

108 

* 

3 4 

7 9 

I- 35 



366 

3 77 

39 7 

105 

7 0 

1 9 

1 9 

I 49 

14 I 

II I 

15 

2. 50 

30 3 

III 

8 7 

0 9 

19 X 

3 1° 

X5 6 

11 1 

11 

X 78 

3*- 3 

116 

8 6 

1 4 

1 I 

3 44 


“3 

3° 

1 96 

34 I 

”5 

9 3 

I 6 

4 7 

X 8x 

x6 I 


369 

4 35 

45 1 

104 

10 6 

4 

1 5 

I 69 

17 1 

”5 

369 

4 54 

45 ° 

99 

9 3 

3 8 

1 6 

I V - 

17 7 

571 

— I 

I 11 

15 0 

11-3 

5 8 

1 4 

5 3 

3 M 

’-3 7 

571 

6 

I 59 

XI 9 

i3» 

10 0 

3 8 

15 0 

3 55 

J-9 7 

573 

13 

1 10 

16 1 


10 0 

3 I 

X 8 

X 30 

XX 0 

57 5 

11 

1 48 

19 0 

117 

♦ 

1 I 

X 6 

X 78 

X3 8 

57-€ 

17 

^ 94 

31 5 

107 

6 4 

I 5 

1 5 

X 5x 

x4 1 

57-7 

41 

3 66 

35 ^ 

97 

10 5 

7 1 


X 10 

11 0 

578 

55 

3 88 

37 5 

97 

5 8 

I I 

4 9 

1 60 

15 9 

57 S 

io8 

4 41 

44 8 

lOI 

7 1 

1 0 

1 5 

x 80 

18 7 

57 10 

M7 

4 33 

0 

99 

8 0 

1 0 

3 

X XI 

11- 3 

51 I 

-7 

i 47 

17 5- 

IXO 

9 3 

3 I 

3 0 

X 80 

5-5 4 

91 1 

— 1 

43 

x6 5 

109 

8 1 

X 8 

X 1 

1 47 

11 X 

104 1 

XI 

1 60 

^•5 7 

99 

6 7 

I 9 

3 8 

X 84 

x6 7 

115 I 

4 

1 59 

11 0 

138 

6 8 

4 

I 7 

X 36 

17 1 

u8 1 

-5 

0 94 

14 3 

153 

5 8 

1- 4 

0 8 

3 5° 

X3 0 

H8-1 

1 

I 00 

14 7 

147 

10 4 

3 7 

1 5 

4 95 

34 ° 

118-3 

8 

1 IX 

IQ 0 

^57 

5 3 

0 7 

* 

7 15 

46 0 

118 4 

16 

1 07 

16 5 

118 

6 5 

0 7 

* 

3 87 

0 

0 

r <\ 

118-3 

’■3 

35 

31 0 

136 

9 8 

3 ° 

I 6 

4 °5 

19 3 

U8-S 

(6 

4 x8 

41 0 

96 

7 5 

1 1 

1 4 

1 59 

16 5 

118 7 

80 

4 87 

41 0 

84 

9 0 

3 I- 

I X 

I 41 

16 8 

Uj-I 

— 1 

1 41 

15 6 

xio 

4 0 

I 1 


X x 4 

10 4 

'31 

8 

X 81 

^3 3 

118 

8 6 

1 4 

• 

53 

xo 0 

Mil 

15 

X 76 

x6 5 

96 

7 0 

1 I 

X X 

X 96 

3° 7 

Mij 

69 

^ 

44 t: 

89 

6 4 

1 0 

1 ’ ^ 

1 1 42- 

15 9 


reference 


procesung 

toiDsatuaon of therapy 


of ^3 whole blood zinc mcasxircmcnts lA) arc shown to fall 
ii standard deviations of the mean of our normal senes Case 49 ^ 
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high whole blood zinc due to an increased plasma zinc, while the red blood cell 
zinc was normal Case 14 was refractory to all therapy The whole blood zinc was 
just above the range of the normal senes though within the possible technical 
limit of error In Case 17, three consecutive samples were consistently below the 
lower limit of normal While under observation, no diagnosis was established, and 


Tablb 3 — CenStnt x ml tf/ WbaU Bltad CsicMiaftd frvtn Unrt V^Uas ef Flasirtt Ixtkacytts tti 
ErytbtMjttt tn Antmtax 0thtT than Pantanx Anemta 


Eip No 

BUsoosU 

Colonm 

■■■■■■ 

Ml 

Refractory Anemia 

17 I 

Refractory Anemia 

17 1 

Refractory Anemia 

J7 3 

Refractory Anemu 

18 1 

Refractory Anemu 

61 I 

Refractory Anemia 

95 ‘ 

Refractory Anemu 

81 I 

Hemorrhage 

106-1 

Hemorrhage 

n8-x 

Hemorrhage 

t53 t 

Hemorrhage 

4J-I 

Kncnaonal 

135-t 

Iron Deficiency 

39-t 

Uremit 

IIX I 

Uretma 

58 I 

Sicldc Cell 

58-1 

Sickle Cell 

133 » 

Sickle CcU 

56-1 

Splcmc 

66-1 

Infccboo 

107-1 

Infcctioa 

loa I 

Inf Monom 

97 t 

Cooley s 


Plasma 

Leakocytes 

Erythrocytei 

Total Zo la 1 
ml of 

Whole Blood 

mil 

— 

3 

4 

4 X 

■5 

4 9 

9 X 

1 7. 


X 5 

X 9 

I 4 

0 61 

3 3 

5 3 

0 9 

0 IS 

3 7 

48 

I 8 

0 37 

6 0 

8 X 

X 8 

0 sr 

5 0 

8 3 

7 6 

0 13 

« 7 

9 5 

I 0 

0 04 

4 5 

5 5 

S 8 

0 28 

£ 6 

IJ. 8 

t 9 

0 i£ 

3 7 

5 * 

J- 3 

0x5 

4 3 

S 8 

17 8 

0 Jt 

5 4 

to t 

0 8 

0 07 

48 

5 7 

• 9 

0 31 

4 7 

« 9 

j 8 

0 37 

4 8 

7 0 

L 9 

0 65 

8 0 

21 6 

0 9 

• 

5 8 


x- 9 

0 18 

« 3 

9 4 

3 X 

0 Z4 

6 I 

9 3 

1 8 

0 31 

7 7 

22 0 

i- 7 

0 39 

7 X 

20 1 

X 7 

0 19 

4 4 

8 3 

0 8 

0 19 

4 3 

5 3 


• S*in|dc lost iQ ptocesnag 

I *z*n ^r°ml of plasma X 100 - Hematoent of Whole Blood. 

X Tot J ZiDC in Sample - mL of Whole Blood from which 

3 Zn per mOhoa ted cellaXrcd cell count of Whole BloodX iXi 

4 SumofColumnsr Land3 

we are, therefore, because of the singulanty of the observation, unable to 

conclusions from these data all of which arc within the 

Figure iB shows the plasma zme concentratio , „„ 

tafof .«»*<, »cq.t a* 45 , 

apparent cause of J X 10 ‘ g»rwna per 

^F^e iC IS a plot of leukocyte 6, h,ve a leuloc) le r.nc • 

nullion leukocytes It is apparent that Cases x7. 
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concentration elevated from three to ten times above normal These patients were 
considered refractory to all therapy They all had leukocyte counts below 


Table 4 .— 2inr Centmt of i ml of Whole Blood CslcultUd from Unit Valias of Plasma, Ltuisxytts and 
Erythrocytes tn Pemsaous Ammts 


Eip No 

Days of Observation! 

Plasma 

Leukocytes 

Erytbrocytes 

Total Zn in 1 
ml of 

Whole Blood 

Colomn 


1 

2 

3 

4 

19-1 

I 

0 9 

0 11 

6 I 

7 1 

IJ-Z 

5 

1 3 

0 16 

5 ^ 

6 8 

19-3 

10 

3 0 

0 44 

6 5 

9 9 

19-4 

40 

1 1 

0 51 

7 6 

10 3 

' 9-5 

366 

I 1 

0 15 

5 6 

7 0 

11 1 

'5 

0 6 

0 66 

7 8 

9 I 

11 1 

11 

I 0 

0 09 

9 6 

10 7 

3 

30 

I 0 

0 50 

8 4 

10 4 

LI 4 

369 

1 3 

0 16 

7 7 

10 3 

'•I 5 

369 

1 0 

0 10 

8 0 

10 1 

57 I 

— I 

1 0 

0 11 

00 

6 0 

571 

6 

3 ° 

0 43 

5 7 

9 1 

57 3 

'3 

2- 3 

0 14 

5 ' 

7 5 

57 5 

11 

1 5 

0 14 

6 9 

8 5 

57-6 

17 

I 0 

0 10 

7 4 

00 

57 7 

4 ' 

4 7 

* 

7 7 

11 4 

578 

55 

0 8 

0 14 

6 1 

7 2. 

579 

108 

I 1 

0 13 

8 0 

9 

57 10 

'-57 

1 I 

0 14 

5 

8 5 

91 I 

-7 

3 

0 

H 

6 9 

9 3 

91 1 

— I 

1 0 

0 11 

5 9 

8 0 

104 I 

11 

1 4 

0 11 

6 9 

00 

115 I 

4 

3 »- 

0 11 

3 8 

7 I 

118-1 

-5 

1 I 

0 03 

3 3 

5 4 

118 1 

1 

3 I 

0 oS 

5 ^ 

8 1 

118-3 

8 

0 6 

0 

8 7 

* 

118 4 

16 

0 5 

* 

7 7 

_♦ 

118 5 

'■3 

1 0 

0 05 

9 4 

3 

118-6 

66 

0 7 

0 17 

6 8 

7 7 

118 7 

80 

I 8 

0 08 

6 9 

8 8 

Xlj-x 

— I 

I 1 

0 07 

3 ' 

4 3 

131 1 

8 

I 8 

• 

4 6 

* 

1311 

'5 

' 5 

0 13 

8 1 

9 8 

'313 

69 

0 6 

0 09 

7 0 

7 7 


Sample loit in processing 
t ^ ith reference toinsntuiion of thcrapj 
Explanation of columns the same as in cable 3 


This was in contrast to Case 95, which was also found refractory to 
I crap\ but had a normal zinc concentration of leukocytes which numbered 
^^» 7 So/mm* We are not at present prepared to interpret the significance and 
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physiologic implications of these findings which, however, appear striking in 
contrast to our findings in leukemic cells In myelogenous and lymphatic leukemia, 
the zinc concentration of the circulaung leukocytes was found to be about 10 per 

WHOLE PLASMA LEUCOCYTES ERYTHROCYTES 
BLOOD 


I I* 

ClkUUA 

HL. IT 


2<7' 




MEAN 


2^ ’ 


CAMUk 

ML 




OAHMA 

Atn 

MtWUOH 
CfUS 
»IO * 


..1 I 

-■1 I 

“•I t 


nn 

WLLIOM 

ULLS 

*to *3 


IT 



' hrocTfW patient* intn 

.r ... - '*■ 

»acm.. other than pcra.ciom aneim. The mean 

valoes .tc indicated urethane the Zinc concen 

cyte picture arc apparent 
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Figure iD depicts the red blood cell pattern in these cases of anemia in relation 
to our normal senes Cases 95 (refractory anemia) and 98 (sickle cell anemia) 
show significant elevations above the normal Cases 106, 133, 66 and 107 have 
tine concentrations just above the upper limit of the normal distribution curve 
It would require a larger number of observations to determine whether or not this 
issigmficant or due to chance scatteting With the exception of these cases, there 
were no abnormalities in the red cell series of this group 
The changes in zinc concentration observed in pernicious anemia patients (table 
1) ate apparently due to a marked increase in unit zinc content of erythrocytes 
which are reflected in the whole blood zinc Neither plasma zinc nor white blood 
tell zinc presents any significant deviation from the normal distribution picture 
The zinc of leukocytes in samples xi-i and 57-1. was elevated, due to known tcch- 
mcal error Other leukocyte zinc values were within normal limits (fig xA, B, C) 
The unit red cell zinc concentrations (calculated per million cells (fig iD) and 
pw cc of packed cells) of untreated patients are elevated significantly above the 
Donnal range Followmg institution of therapy and after an initial rise, the unit 
^Dc content falls successively over a prolonged period In Cases 57 and tx8, sam- 
P« were obtained at close intervals On the 55th and 66th days of sampling, rc- 
spcctively, following institution of therapy, the erythrocyte zinc concentration 
teturned to normal levels, and remained normal thereafter under maintenance 
^py In Case 131, normal levels were obtained within 69 days following in- 
therapy In Case 19, no samples were obtainable between the 40th 
*0 366th days of therapy Similarly, no samples could be obtained between the 
post-therapy in Case XI While the earlier samples still showed 
tie ^ increased zinc concentration, samples taken 366 and 369 days after 
ment Was begun were normal in imit erythrocyte zinc content 
il't^'bl^' ^ ^ show the erythrocyte zinc concentration per million cells, 

uloc count, the per cent reticulocytes and absolute number of retic- 

whir'*’j blood as a function of time Doses of liver therapy, given 

care, arc indicated by arrows at the top of each graph 
Iwer TT? I shows a prompt rcticulocytosis in response to a test dose of 

tcticul ^ '^ficulocytc response which is also shown in terms of the absolute 
rontin^d^*^ count was accompanied by a prompt rise in red blood cell count which 
l'^°grcssiv""f reticulocyte response subsided During this period there was a 
rcjched 'concentration of red blood cells which eventually 

rtntration Maintenance therapy had no visible effect on the zinc con- 


for 57 (fig 4) were essentially similar to those just described 

in lint; co^ crapy was spaced very nearly identically There was a slight rise 
'''cl) height of rcticulocytosis However, this rise is cn- 

"crinjl le "i" I'rnits of technical error The unit zinc concentration fell to 
Uz'ffi following institution of liver therapy 
'^cic tug ^ ^ differs materially in both character and degree of response from 
^°'ocidental with therapy, observations on this patient 
' 'c'l On 1/ ' Pc^ccncy of the Iner extract used were made The patient reccncd 
• 1/4 . With a subsequent submaximal reticulocyte response The first 
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Zinc sample was obuincd near the height of this reaction Thereafter, intensive 
daily therapy with the extract was instituted This resulted in a good rcticuloc) te 
response which became maximal on the aoth day followmg the first liver inicction 
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LIVER EXTRACT 
u u u u u 

60 60 13 13 13 



^'0 3 — Case 13 Erythrocyte zinc concentration red blood cell count, per cent reticulocytes and 
*bsolatc number of reticulocytes as well as absolute number of unrcticulated erythrocytes, as a function 
nine under liver therapy 

Solid cirdcj = Erythrocyte Zinc concentration per million cells 
arclci •=■ Red Blood Cell count 
^d triangles *= Per cent reticulocyte count 

triangles o Absolute number of reticulocytes 




DAYS OF OBSERVATION 

Flo 5 — Case 113 Erythrocyte aoc concentrauon red blood cell count, per cent rcncuIoiTttt {ind 
absolute number of reaculocytes, as well as absolute number of onreticnlated erjohrocytes u a ftmction 
of amc, under Ii\-er therapy Symbols as in 6gure 3 



RED BLOOD CELLS xuM „ .hamorafsH 

Fio 6 —Zinc, m gamma X lo"* pet million ted cells, in reliuon to tie a 
jD 4 patients with pernicious anenua under thcrapf 
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ones shown in Cases 19 and 57 The normal lc\cl \\ os attained within 66da}s In 
Case 131, where onl) three samples were obtained, a normal value was found 
on the 69th da) post-therap) 

Whether or not this response of the zinc concentration was related to the par- 
ucular liver extract used, the dosage given, or whether it is a property of young 
cells released from the bone marrow in pernicious anemia under the stimulus of 
hver therapy, we arc unable to conclude on the basis of our present observations 

In the 3 cases we were able to follow, the erythrocyte zinc concentration re- 
turned to normal levels within 55, 66 and 69 days respectively This time closely 
approximates the mean life span of erythrocytes in pernicious anemia as dctcr- 
uuned with labelled glycine by London, Shcmin and Rittcnberg * We believe 
chat the change in zinc concentration is probabl) a function of the replacement of 
pernicious anemia cells by cells formed under the influence of liver extract, and in 
effect IS an expression of the death rate of the pernicious anemia cell 

Figure 6 shows the unit zinc concentration in red blood cells in micrograms per 
million cells, in relation to the red blood cell count The unit zinc concentration 
reaches the normal level at the time when the red blood cell count has returned to 
uormal, coinciding with a return of the M C V toward normal size In the sccond- 
^ anemias, the zinc concentration per unit cells remains normal in spite of low 
ted blood counts 


Hed blood cell zme was also calculated per cc of packed cells Thereby the 
of the individual cell was eliminated as a factor which could con- 
te to the increased zinc concentration of red cells per million cells A definite 
increase over the normal zinc concentration is nevertheless noticed The phe- 
noinenon is therefore not simply one of increased cellular mass 
u anemias other than pernicious anemia, zinc and carbofiic anhydrasc decrease 
* slope parallel to that of the drop m hemoglobin In contrast, in pernicious 
thcTh of zinc and carbonic anhydrasc arc inversely proportional to 

5y' * fcmoglobin indicating that the hemoglobin and carbonic anhydrasc 
structurally discrete though functionally related 
“11 anemia, the zinc concentration of erythrocytes was markedly cle- 
tRo three samples on z patients The other two samples were above 

he deviations from the normal mean but so close that they could not 

tcuu ^ be statistically significant More observations in this condition arc 
2inc * definitive statement about zinc distribution can be made 

f^'* no'vn to be an integral component of the enzyme carbonic anh)drasc ' 
iiuiicd significance of this enzyme in the anemias has rcccntl) been scru- 

^'lerm' relationship of zinc and enzyme activit) has been 

otbfr " inilepcndcntly on samples of venous blood, and is being reported in two 

“nimunications n 


The; 


Conclusions 

d content of whole blood, plasma, lcukoc>tcs and cr)throc)tcs vas 

^ patients with miscellaneous anemias and in 9 patients with 

anemia 
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z Unit values for erythrocytes (zme m gamma per million cells or per cc of 
packed cells) were within the limits of normality in the anemias, other than per- 
nicious anemia ’ ^ 

3 In pernicious anemia, unit values for erythrocytes were significantly ele- 

vated above normal Under successful liver therapy there was a progressive fall 
in umt value which reached normal when the red blood cell count had nsen to 
normal ' 

4 The rate of decrease in unit ainc value of the circulating red cells in pernicious 
anemia is comparable to the probable death rate of cells m circulation prior to the 
institution of therapy 
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THE RELATIONSHIP BETWEEN CARBONIC ANHYDRASE ACTIVITY AND 
ZINC CONTENT OF ERYTHROCYTES IN NORMAL, IN 
ANEMIC AND OTHER PATHOLOGIC CONDITIONS 


By Beet L Vallee, M D , Herbert D Lewis, M D , Mark D Altschule, M D , 
AND John G Gibson, II, M D 

I T HAS been shown that zinc is a component of the carbonic anhydrase mole- 
cule ' ^ This enzyme has been demonstrated to catalyze the reaction HjO -H 
GDj H2CO, in vitro. Its molecular weight is approximately half that of hemo- 
globin,’ and some of its other physico chemical properties arc established ’ ’ 
Carbonic anhydrase obtained from ox and sheep blood has been found to contain 
3i”34 per cent of zinc per unit of dry, active protein, these values having been 
obtained by means of a diphcnylthiocarbazone method ’ ’ This method, when 
applied to human carbonic anhydrase, indicated the presence of o 164 per cent of 
Zinc, according to Kcilin and Mann * Other investigators, using an older and less 
Sensitive technic,’ reported ox carbonic anhydrase to contain o zo to o 13 per cent 
of zinc,“ and later confirmed these results by polarography ^ 

The nature of the bond between the metal and protein, and the chemistry of 
the enzyme arc not understood at present The enzyme may be inactivated by 
vanous substances Acids separate zinc from its protcinous prosthetic group, this 
process is irreversible, a finding which led Kclin and Mann' to consider the metal 
to be the active part of the enzyme molecule When the enzyme is inactivated by 
long standing, or by manipulation, zinc remains bound to the protein and cannot 
be removed by dialysis While the separation of zinc from enzyme protein irreversi- 
bly destroys its activity, the inactivation of the enzyme does not necessarily liberate 
the metal ' Under some circumstances, the presence of an excess of zinc may be 
due, therefore, to the presence of inactivated enzyme retaining its full complement 
of zinc 

Zinc IS found in human plasma, erythrocytes and leukocytes, * but carbonic 
anhydrase activity can be detected in the blood only in erythrocytes The carbonic 
anhydrase activity and zinc concentration, determined separately in normal and 
pathologic human erythrocytes, have been found to vary within relativclynarrow 
limits " The present study was made to investigate the possible correlation 
of these two erythrocyte parameters in normal and abnormal states of health 


Method 


Venous blood simple! were obuincd as preMOusly described ” Aliquots of each sample were studied 
or their carbonic anh)dra!c aaisity and zinc concentration The enzjmc measurement was perform-d on 
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^,hoIc blood occordmg to the method descnbcd by Altschule ,od Letv.s'*. . I.tge number of control 
niMsaremcnt. shooed no ictn ity in cither pUsnu or leutocytcs The .ctivmes found oerc therefore 
equivalent to the carbonic anhydrase content of the ted cell mast contained in t ce of whole blood An 
attemp was made to Imep the interval between veniponctute and analysis at a minimum to avoid inictiva 

tiono the enzy^ by cxcMsux numpulitioo or changes in temperature Measurements of zinc and blood 

Conors were made according to the routine previously cmplo^xd 

For sutistical purposes the normal senes svas separated into male and female subjects but the other 
groups \s*crc not 

Data for itnc (Zn) and carbonic anhydrase (U*) were expressed in terms of their relative quinuncs m 
(i) The erythroc) tes in 1 cc of whole blood 
(x) each million of ted blood cells 

(3) each cc of packed cells and 

(4) in relation to each gm of hemoglobin 

TT tt„ u T» 2a/cc padeed cells . . » . , 

finally , the ratio R * ~ U/re pacLed ceils "*** calculated as an index of the interdependence of the two 
functions mststigatcd 

In the normal and leukemic sene* the namber of cases allouxd of an laccrnal stittscicai analysis In 
the rcniaiQing groups the data have been compared to the normal mean iitr the value which inclodcs 

at least 95 per cent of the obsen'anous The hictor R ™ was treated suustically in all five groups 

Material 


A total of 10) samples of blood obtained from 77 indn iduals was studied T\v*nty-eight simples tvtr* 
obtained from 13 male and ix female medical itudcnu and technicians who composed the oomal group 
Eighteen samples from 15 subjects who had Icukcmu or malignant diseases of the lymphanc tissues were 
analyzed Tivcoty-scvtn samples were obuincd from 10 patients with pTOicioos anemu 9 of these ww 
cither uncreated or had been treated with liver for a ^xr) short period when first seen Two oi the former 
were follotvxd for periods of from to to 369 days while one had bto under luer maiottuance thfipf 
for one year 

Three patients had refractory anemia Four patients had b com anemic as a consequence of hemor 
rhage, X of these patients had ceased bleeding when studied and had restored their hematological picture 
to normal levels Three samples were obtained from x patients wth sicUc cell aocmii Two panencs had 
anemia of infection, and one each had nucntiooal, iron dtfiacucy and Cooley s anemia 

Four samples from 3 patients with polycythemia secoudar) to palmonary fibrosis and emphysenu uer* 
examined Three ocher paaenu had polycythemia vera one each had infectious raonoaa*.lcojij oougw 
tivc failure acute rheumatic fever jaundice secondary to carcinoma of the head of the pancrcai h 
chromatosit atrhosis and mulnpic sclerosis 

The age of the subjects in the normal and pathologic senes ranged from to to S) years 


Observations 

In normal subjects, the absolute values for zinc concentration and for carbonic 
anhydrase activity, and the values for these functions relative to the various cma^ 
tologic measurements were within the normal range prcviousl) ' 

the means and standard deviations found in the present scud) di ^ 

from .horn of .h= o.h„ .m.s ■■ ■• -n.® w» no 
,aa The vnloe lot R for .11 norm.l sobioeo w.s 4 < ± “ ’ 
of ,ho proton, tord,, ..J rho corml.r.o. “Xo mo.tnro 

loYoU good Cr»l>l' r. •) Xo or .bsento, or rho 

ments paralleled each other closely regardless of the prcK coefficient 

Mature of pathologic change (tables x-5) The Pearson method moment 

* U - Units .s dc6ned by Altsehole and Lewis 
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of correlation between the rwo measurements was o 48 for all 103 samples, a nu- 
merical value of o 48 represents good correlation The ratio R varied within narrow 
limits close to the normal 


Table i — Ztnc tml Cartmte AnbjJrast Ijvtls m Nernul Humtn ReJ Oils 
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In Ptjents A\ith diseases other than pernicious anemia, both the zinc and car- 
^ nican \ rase actmts of one ml of whole blood ts ere found to be abo\e or below 
c normal level to a degree proportional to the red blood cell count and hemato- 
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CAMONIC ANHYDItASE ACTIVITY 


in Case 98 (table 1 , fig z) -whicli was an instance of sickle cell anemia No other 
cases of anemia in this group show a simultaneous deviation from the normal unit 
values for zinc and carbonic anhydrasc content The R value in patients with 
diseases other than pernicious anemia was 3 6 ± o 99, the mean being somewhat 
lower than found in the normal senes, but with a similar standard deviation 
The data on patients with pernicious anemia (table }, fig }) show concomi 
tant significant elevation of unit zinc concentrations and carbonic anhydrase 
activities in the untreated state, with both gradually returning to normal with 



TtfC ft» MU we 

Fio 3 —The relanonjhip of Zn in microgratni per cc of erythrocytes to cjtbonic tohyiinK in 

units per cc of erythrocytes in peraiciouf aoeim. u. nomt is drawn thtutig!! tie 

The rectangle denotes the normal range The line conaccang with the zero po 
norniil incan of both parameters 

effective therapy The values for both, in i ml of 
inely higher than could be expected on the basis of the h S' 

and, therefore, are normal or nearly normd in the ^ of 

In all cases of pernicious anemia seen before nativity per unit 

therapy, the red cell zinc concentration and both 

of red cells were markedly and n8, where a prolonged 

parameters returned to normal levels (fig 4) of both fnnctions 

Sw-up study was possible, there was a 

to normal on the 66th day In the untreated ,0 relation to t.nc 

jng the possibility of a relauve increase in carbomc anhydra 




VALLEE, LEWIS, ALTSCHULE AND GIBSON II 


473 


It should be pointed out that in anemic blood at activities as high as the ones 
which these values represent, the bio-assay technic is not as reliable as it is at lower 
values However, the possibility cannot be excluded that a true activation of the 
enzyme was present under these circumstances The mean R value for the whole 
senes, however, was normal 



so 

DAYS 


Fio ^ Simultaneous change of Zn content and carbonic anh)dra5C actnitj in crjthrocjtcs as a 
unction of daji under treatment in two patients with pernicious anemia 


In the case of leukemic red blood cells the spread of values was considerable, as 
indicated b) a large standard dcMation (table 4, fig 5) How e\er, the mean of both 
'ariiblcs was within the normal range Samples No 10-76, No 44-x, and No 
^1 showed a concomitant rise in unit zinc and U calucs There was a rise in zinc, 
not accompanied b) a rise in U in Case No lo-iz R reflects the wide range of 
measurements though remaining within normal limits 
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There was no deviation from the normal unit values in {X)l)cythemia, the amount 
of zinc due to red blood cells in i cc of whole blood was increased, as a conse- 
quence of the increased red blood cell mass The ratio R was within normal limits 


Table 5 — Zsne tni Carbimic Anhjirast hmh tn Misctllamius DiscrIm 
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Discussion 

The subjects of the present studj on whom concomitant zme and carbonic an- 
tase determinations were carried out ha\c been described in part in preiious 
tointnunications " Since it was not possible to obtain simultaneous anahscs 
" u instances in the abo\e senes, the present group is a chance sample of the 
"'o larger senes 
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CARBONIC ANHYDRASE ACTIVITY 


It IS dear from the data that both anc and carbonic anhydrase are present in 
cr) throcy tes in a fixed ratio under normal circumstances, and vary simultaneous!) 
in discMe Both are independent of hemoglobin concentration, this is apparent 
in the data on untreated pernicious anemia, where there are normal or high zinc 
and carbonic anhydrase values in the face of a low hemoglobin Under therapy, 
there is a relative fall in zinc and carbonic anhydrase, as opposed to a rising hemm 
globin concentration 

It appears from the data that zinc and carbonic anhydrase arc mutua]]) de- 
pendent variables, their correlation being good in terms of the coeffiaent of corrcla 
non Absolute correlation did not, however, occur This maybe the consequence of 
the large error in the method for carbonic anhydrase Also, both measurements arc 
not analogous, for one is a quantitative chemical technic and the other a method 



0 4 8 It te to 


2JNC GAMMA PPl W. we 

Fjo 6 — ^Thc relationship of Zn m raicrogramj per cc of crythrocytci to carbonic anhjdraK in U 
units per cc of erythrocytes in rntsccllancous disorders (polycythemia \cn secondary polycythemia, 
infectious mononucleosis congesme failure, acute rheumatic fever, carcinoma of pancreas, hcroocfironu 
tons cirrhosis multiple sclerosis) 

The rcaangle denotes the normal range The line connecting wth the rcro point is drawn thrtmj 
the normal mean of both parameters 


mcasunng biologic activity Other limitations of the latter procedure have * 1 

been pointed out'*, it should be rc-emphasizcd, moreover, that the con itions 
for this bio-assay are remote from those which prevail under physiologic cin^ 

stances Measuring the activity of the enzyme under these artificial cot itions ^ 

not allow quantitative determination of enzyme concentrations ere ore, 
„t,o R = packe d cclls showing the existence 

U/cc packed ceils , , -cfiK- 

of a funcuonal rather than a chemical interrelation The laticr co 

lished only on a weight by weight basis rciaining its 

It has been pointed out that the enzyme may be inactiva 

original proportion of zinc This may inevitable delay 

solute correlation which has been alluded to Since there 
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between venipuncnire and analysis, a certain amount of manipulation and change 
in temperature during transport between the two laboratories may also have 
increased the R value 

A change in the degree of physiologic activation of the enzyme cannot be com- 
pletely dismissed as the possible cause for a decrease of R = -jj- 

Keilin and Mann s data* indicate a different zinc concentration for ox and sheep, 
and human carbonic anhydrase Because of the facts pointed out above, the present 
data do not elucidate this point further, since the absolute quantity of enzyme per 
unit cells cannot be determined with any present technique 
It has been suggested'* *' that carbonic anhydrase deficiency may be an im- 
portant ctiologic factor in dyspnea It is clear, however, that one cannot correlate 
with precision the loss of carbonic anhydrase with respiratory or cardiovascular 
symptoms because of the lack of a method for measurement of the concentration of 
the enzyme Furthermore, the normal in vivo requirements to maintain normal 
respiratory function arc not known at present With the aid of the here established 
m VIVO correlation of concentration of the metal and the activity of the enzyme 
system. It might become simpler to use erythrocyte zinc concentration as an index 
of carbonic anhydrase content in some phases of respiratory and humoral 
physiology 

Observations made here demonstrate the occurrence in some anemias of a state 
of zinc deficiency in the erythrocytes, the findings of the present study indicate 
the functional significance of this deficiency since the latter is associated with a 
deficiency of carbonic anhydrase activity This is stnkingly similar to the de- 
ficiency of iron in erythrocytes, with its concomitant lowering of hemoglobin 
level In addition, it is worthy of note that lack of zinc and of iron in erythrocytes 
commonly occur together in clinical conditions 

Summary and Conclusions 

A good correlation exists between zinc content and carbonic anhydrase activity 
of the red blood cells under all conditions studied, including anemia and poly- 
cythemia In almost all patients with anemias other than pernicious anemia, both 
zinc and carbonic anhy drase levels were lowered in parallel fashion These changes 
were proportional to decreases in hematocrit and hemoglobin levels and erythro- 
cyte counts so that both zinc and carbonic anhydrase values per unit of RBC were 
in the normal range In a few instances of anemia associated with leukemia and 
in one of sickle cell anemia, neither zinc content nor carbonic anhydrase activity 
Was decreased in proportion to the anemia, in these cases the zinc and carbonic 
anhydrase levels per unit of blood were both elevated to the same degree 
Patients with pernicious anemia showed no decrease in absolute viucs for zinc 
and carbonic anhydrase activity in spite of marked lowering of hematocrit and 
hemoglobin levels and of ery throcy tc count Accordingly , both zinc concentration 
and carbonic anhy drase activ ity per unit of blood were elevated, often to a marked 
"degree These increases were parallel, varying inversely with the degree of anemia, 
when they regressed under treatment, both did so at the same rate 
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°° methods available for cstimaung carbonic anhydrasc concMraim 
all methods now m use measure only the act,v,ty of the enzyme It is suEeested 
that 21DC concentration could be used as an indicator of carbonic anhydrascconteat 
of the red blood cells 
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HEINZ BODY PHENOMENON IN ERYTHROCYTES 
A Review 


By Stewart H Webster, Ph D 

Among the early investigators of hemolytic substances were Casper and 
■L Hoppe® who in 1859 observed the brown coloration of blood due to nitro- 
benzene Since then there has been a continued interest in the action of such toxic 
niatcnals on the formed elements of the blood The accelerated development of 
synthetic organic chemistry during the latter half of the 19th Century created 
numerous industrial hazards and poisons, at the same time providing the toxicolo- 
gists with many new compounds with which to work Among the coal tar prod- 
ucts and denvatives of aniline thus produced, phenylhydrazine was of great im- 
portance because of its marked physiological action Prepared in 1875 Emil 
Pischer,“ its behavior in rabbits was studied ten years later by Hoppe-Seyler,®* 
the discoverer of methemoglobin 

Early Observations on Morphologic Changes in the Erythrocytes 

The marked action of chlorates had attracted the attention of several workers 
As early as i88l, Riess'“' described the presence of one or more small, generally 
round, globules and granules in the erythrocytes of a person poisoned by potas- 
sium chlorate Drawings were included which showed the appearance of these 
Particles Somewhat later, Marchand,*® who had worked on chlorate intoxication 
previous to this discovery of Riess,®® observed similar changes in a dog poisoned 
■With the sodium compound Finally, Lcwin“ had observed the formation of 
granules within red cells treated in vitro with hydroxylamine 
One year later, Robert Heinz (1865-1914), in 1890, studying the action of phenyl- 
Jdrazme and its derivatives on the blood, observed the changes seen earlier by 
|hc above workers, described them in detail, in regard to their appearance, bc- 
avior and ultimate fate, and devised a method for staimng them, using a wet 
preparation for this purpose Drawings were also given showing both the stained 
^nd the unstained granules in the blood of several species of animals 
These bodies were depicted by Heinz*® as round, oval or serrated granules which 
*rc very refractile and hence can easily be seen There may be one or more within 
s cell Wall and they may move around (Brownian motion) or remain fixed in one 
^sition Ordinarily they are eccentrically placed, being located near the margin 
tietimcs they appear to protrude from a cell, as if hanging by a stalk, and fre- 
^Eey can be observed outside the cells in the plasma (schistocy tes of Ehr- 
) The sizes of the particles vary greatly , being i-z microns in diameter in rab- 
®) guinea pigs and dogs and much larger in cats, often amounting to a third or 
* of the cell diameter Heinz recommended supravital examination of the blood, 
*'®'og a dilute solution of methy 1 \ lolet in isotonic saline solution for staining these 
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particles blue, hence, the term blue particles (blaukorncr) This staimne solution 
had been used earlier, in i88z, by Bizzozero’ in demonstrating the presence of blood 
platelets 

Initially, Heinz regarded the presence of these granules as pathognomonic of 
poisoning by phcnylhydrazinc or its derivatives However, further researches 
indicated a large number of substances capable of induang similar changes As 
observed by Heinz, these characteristic changes in the erythrocytes were found m 
one or more species of animals following administration of many organic com 
pounds such as aniline, toluidinc, toluylcne diamine, nitrobcnzcoc, dinitrobenzene, 
p-arainophenol, ethyl arainobenzoate (p), phenylhydrazmc, acetylphcnylhydra 
zine and phcnylhydroxylamine However, no such action was observed with ben- 


zene, phenol, phcnacctin, acccanilid, antipyrinc or benzyl amine, and the aliphatic 
amines Among inorgamc compounds, chlorates and hydroxylamine produced 
Heinz bodies but not hydrazine or sodium nitrite, although ail four substances 
were very active in producing methemoglobin in vivo 
Ehrlich,” who at that time was an authonty both on anemia and on stain 
technology, referred to the frequent presence of bemoghbtntmic tnclusm htdtts 
(hamoglobinamischc Innenkorper) in erythrocytes of toxic animals as well as in 
the blood of certain anemic persons Dustin” pointed out that the terra inclusion 
body IS unsatisfactory since the particles often appear to be extruded from the cell 
The term inner body is likewise objectionable since the particles sometimes appear 
to be on the surface of the erythrocyte 
Ehlich and Lindenthal,'* who found similar bodies m the blood of a penon iiith 
chronic nitrobenzene poisoning, assigned pmority for the discovery of the so- 
called inner bodies to Ehrlich This, together with the fact that the senior author 1 
name has been repeatedly misspelled Ehrlich in the literature, presumabl) hai 
much to do with the confusion which exists even today as evidenced by the use oi 


such numerous terms as Ehrlich-Heinz or Hcinz-Ehrlich bodies, Heinz blue gnu 
ulcs (Hcinzsche Blaukorncr), inclusion bodies (Innenkorper or Innenkorpcrcben), 
hcmoglobincmic inner bodies, hcmoglobincmic inclusion bodies, substaaiia 
mctachromatico granulans,” /3-substancc and Polkorpcrchcn ” 

Heubner,” on the basis of Ehrlich s report of iSjz,” assigned pnonty to 
for this discovery However, due to the prominence of Ehrlich, many of ‘ ^ 
prevailed For example, Ehrlich preferred fixed and suinei Hood prcparati 
rather than supravital methods His triacid stain, developed in iS ' 
tively difficult to use, and the results were uncertain with t«P^‘^ ‘ 
elusion bodies Heinz preferred the supravital tccfanic but point 
wet and fixed preparations should be used, in order to secure the 

Shortly after the initial work of Heinz a number of investigator ^ 

lar intracrythrocytic bodies during poisoning with ^ by 

■n,«, .be eerbe, find..*, were codi^ed by A H.ber" by 

Ehhch and Lindenthal” with nitrobenzene, by Sebmueb ^ 

Schwalbe and Sollcy'” with toluylcne diamine, by \ confusion eiist«< 

and by von Domarus” with phenylhydrazmc ’ jg^c„nics idcntifisd 

m the literature dunng this penod Thus, Heinz bod 
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With Howcll-Jolly bodies, Schmauch found his cndoglobular bodies in normal 
cats, Schwalbe and Solley confused the bodies they saw with blood platelets and 
found similar forms in normal blood after coagulation As pointed out by Jurgens 
and Schurer,’' marginal bodies (Randkorper), discovered by Rohl in 1890'°' and 
subsequently rediscovered by Huber, by Schwalbe and Solley, and others, were 
similar to Heinz bodies in appearance and were often confused with the latter 
There was also considerable discussion regarding the identity of Heinz blue gran- 
ules of the wet preparations with the hemoglobinemic inner bodies seen in Ehr- 
lich s fixed stained preparations Finally, for many years some workers doubted 
the existence of Heinz bodies, regarding them as artifacts while others held them 
to be nuclear debris or nuclear derivatives 

Contributions of the Schools of Pappenheim, Schilling, Heubner and 

Others 

A second period in the development of knowledge regarding the Heinz bodies 
started about igii when Pappenheim and his students were attracted to this 
field Almost simultaneously Schilling and his co-workers began similar investi- 
gations Two problems were of paramount importance in the work eminatmg from 
these two schools during the following years The first was concerned with the 
chemical composition and properties of the Heinz bodies, the other had to do with 
the mechanism by which they were formed These problems were so interrelated 
and so complex that much more data were needed than were then available A 
third problem, involving the relationship between methemoglobin- and Heinz 
body formation, was investigated with a variety of substances by Heubner and 
his students ^ ts n in m 

Chtmtcal Natan of Heinz. Bodies 

Morawitz and Pratt’' had found that the erythrocytes from animals poisoned 
b) phenylhydrazine were more resistant than normal, as measured with salt 
solutions and various hemolytic agents Itami and Pratt" proposed the term 
pachydermia to describe this change in resistance of the erythrocyte They 
found also that the stroma sediment of anemic blood would not dissolve in water, 
the particles contained in the residue appearing like Heinz bodies Sattler,'“’ 
Hirschfeld*' and Rosenthal'"* all studied the behavior of erythrocytes displaying 
this increased resistance without arriving at the chemical nature of such a change 
Harrwich,*" ssorking with Pappenheim, isolated Heinz bodies in large enough 
quantities to work with them in pure culture From their solubility in pepsin 
and hydrochloric acid and from their other reactions it was concluded that the 
bodies conuincd protein and lipoid material together with some iron 
Pappenheim and Suzuki” incestigatcd the behavior of Heinz bodies w ith respect 
to their resistance toward certain hemolytic substances, as saponin Suzuki'** 
ound that an increase in resistance occurs in blood poisoned in sno by a mixture 
o piroJinc and toluilcne diamine, this increase being caused chiefly bi the ex- 
trcmch resistant Heinz bodies rather than bi a diffuse pachydermia 
Purthcr mscstigations of the composition of these particles were carried out b\ 
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KunlvCl,^^ who was able to show that they contamed no altered hemoglobin but 
considerable phosphatide, some protein and cholesterol and a colored iron com 
pound which was not identified Hess and Muller,'*' by selective staining technic, 
demonstrated that the Heinz particles gave reactions for lipoid material 

Heucr" drew conclusions somewhat different in that he believed the Heinz 
bodies to contain neither phosphorus nor phosphoprotein Later Warburg et al 
showed that Heinz bodies produced by phenylhydrazine agreed in behavior and 
properties with that of denatured globin More recently, Hotecket" ““ confirmed 
this work, using xylidinc as the substance for producing the Heinz bodies 

By means of the electron microscope, Jung** *• was able to follow the growth of 
the Heinz bodies from submicroscopic particles to those attaining half the diam 
eter of the red cells In the case of dinitroglycol, Heinz bodies were recognizable" 
after a few minutes Evidence was also obtained that these bodies were at or in the 
outer surface of the erythrocyte However, it was found that the structure of the 
Heinz bodies produced by vanous hemolytic agents was not identical in all cases 
Based on these results and upon their own work, Kiese and Seipclt'* were led to 
believe that Heinz bodies contained denatured proteins denved from the erythro 
cy tc membrane 

Finally, as Dustin” has pointed out, in the absence of recent comprehensive 
studies very little can be said with certainty regarding the chemical composition of 
these particles except that they undoubtedly contain protem material 


Mtchantsm of Httiiz Body Formation 

The formation of Heinz bodies has been explained m a vanety of ways, most of 
which arc included in five principal mechanisms 

X Protoplasmic theory Heinz conceived of the blue granules, which were ater 
called by his name, as produced by parual necrosis of the erythrocytic protop asm 
Ehrlich believed these particles to be identical with his hcmoglobinemic in mion 
bodies, the latter being regarded as containing hemoglobin in a resistant om, 
either as methemoglobin or as altered hemoglobin This hypothesis was in a^r 
ment with the observation that as the inclusion bodies became arg^ an 
dense, the hemoglobin in the cells appeared to become paler an o ten isapjx 
Since these abnormal structures were produced by substances tv 
produced methemoglobin, it was natural to assume that t c ' , ^ 

some form of blood pigment This was supported b> the 

they were basophilic before fixauon, the particles k^mc aci p 

occurred However, the work of KunkeF* and of jispoie 

Heinz bodies contain neither hemoglobin nor explained b> 

of this protoplasmic theory The observed . articles rather than 

Gutstein and WaUbach" as due to the lipoid content of these pa 


CjUtStCin aDU wauudcii- ao w 

to their hemoglobin content, as believed b) E^hc 
2 FSuchar theory The early attempt to relate Mei {,,50- 

such as Howell-Jolly bodies, met with litdc Burg’" held that no 

phiha after fixation while Heinz bodies do n . schilling’" mainumcJ 

confusion existed in identifying these ^ Cats appear to be the 

that he had observed a transition between these two 
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species giving ch.e greatest difficulty in expctiincntal work since the blood of young 
animals often contains Howell-Jolly bodies According to Schilling,”'' part of 
the Schmauch inner bodies of cats arc Howell-Jolly bodies and part arc Heinz 
bodies Gross and associates” have reported that the latter arc found regularly in 
normal animals of this species 

} Pre-extstent theory Two forms of this theory were advanced, the first of which 
was given by Schwalbe and Sollcy"' who identified Heinz bodies with platelets 
They thought that there existed within a normal red blood cell a structure similar 
to that of the Heinz body, the latter being liberated and appeanng as a platelet in 
the plasma Aside from shape, rcfractilc propcracs and occurrence in the plasma, 
these bodies have nothing in common 
The other form of the theory was derived from the work of Schilling'’ 

who conceived of the normal erythrocyte as having a very complex structure 
similar to a nucleated cell He advanced the idea that the Heinz body is a patho- 
gemcally produced form of the capsule body normally present These capsule 
bodies are not observable except by special histologic and staining technic, whereas 
the Heinz bodies are frequently visible even in unstained preparauons This theory 
was also supported by the experimental investigations of Deutsch ’ 

Gutstein and Wallbach,’^” although agreeing in general with the prc-cxistcnt 
theory of Schilling, differed somewhat in details They held to the pre-existence in 
normal erythrocytes of both innenkorper and Inncnkorperchen, the latter 
corresponding to the Kapsulkorpcr of Schilling and the former to the Glas- 
borper of Schilling It is the Innenkorpcrchen which are the pre-existing forms 
of the Heinz bodies Gutstein and Wallbach reached these conclusions also through 
special staining techniques which they regarded as supenor to those of Schilling 
Since the special technic used to produce these structures in normal erythrocytes 
require somewhat severe and rough pirocesses great artifacts may result For this 
reason. Dustin'’ reiected this pre-existent theory 
4 Pettculo-filamentaus theory The basophilic nature of the Heinz bodies and of the 
reticuloc) tes suggested a relationship between them However, it is known that on 
supravital treatment basic stains, such as brilliant cresyl blue, precipitate material 
existing normall) in reticulocytes in a diffuse form so that it becomes visible On 
the other hand, under similar conditions the stain docs not alter Heinz bodies 
"hich, if large enough, can be seen in an unstained condition Restainmg of 
the supra\ital preparation, following fixation with mcth)l alcohol, will color 
the rcticuloc} tes but not the Heinz bodies to any marked extent, according to 
Dustin ” 


The t\%o kinds of bodies can be further differentiated by a study of their occur- 
rence, Heinz bodies being found usually , though not inxanably , in mature cry th- 
rocites and rarely in the young cells (reticulocytes) Frcifcld, Schiloua and 
kudu inowsky ‘ ha%c demonstrated the lack of correlation bcasccn reticulocy tosis 
and the number of Heinz bodies present in the blood stream of poisoned animals 
S Deijturjtion theory The theon most widely held at the present time fa\ors 
t c 'rew that Heinz bodies arc newly formed particles generally found in mature 
cn t rcKMes and formed from them in the course of an inesersible reaction with 
c toxic agent or with some intermediate metabolite formed therefrom Heub- 
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ncr*’ M and Dustin” held that these particles are derived from the etythrOQ-nc 
protoplasm which suffers injury However, investigations by Jung" •• with tht 
electron microscope support the contention** » that the particles are denatured 
proteins derived from the cell membrane It is difficult to reconcile the latter view 
with the frequently observed phenomenon of Brownian movement of the Hemt 
particles in wet blood preparations " "> It is quite possible that during the prepa 
ration of the blood cells for photography with the electron microscope, marked 
changes occur in the structure of the Heinz bodies 
Finally, it is not known for certainty where the Heinz bodies arc formed 
However, the fact that they can be produced tn vitn is regarded by Moeschlm" 
as strong evidence of their peripheral origin 


Methemoglobtn Formation and Heinz Bodies 


Most of the early workers assumed that there was a close connecuon betweea 
the formation of Heinz bodies and the formation of mcthcmoglobin However, m 
1911 Fnedstcin'* showed chat no direct relation existed between the two This was 
confirmed later by Heubner and his students^ with maaj' 

different hemolytic substances Moeschhn** rcpiorted finding Heinz bodies in white 
mice treated subcutaneously or orally with sodium nitrite, although Pulina" 
was unable to confirm this Following oral admimstration of sodium nimte 
in food, Richardson” found in white Swiss mice Heinz bodies in most of the 
erythrocytes and also cyanosis and methemoglobinemia On the contrary, Gutstem 
and Wallbach’* were able to produce Heinz bodies m mice by iDjection of oile 
blue sulfate without the formation of metherooglobin Webster, Dljegicn and 
Zimmer'*' have demonstrated in similar fashion that Heinz bodies can be produced 
in 75-100 per cent of the erythrocytes of mice by adminisHation of sulfanilamide 
without the formation of appreciable amounts of this same blood pigment 
Goodman and Gilman*' offered as a probable explanation of the action of pheny 
hydrazine on the erythrocyte the splitting of the hemoglobin into heroin and glo- 
bin, at least a portion of the remaining hemoglobin being caulyzed by the g 0 w 
to form methemoglobin and perhaps other unidentified substances 
Heubner,^* however, regarded the acuon as an opening of the 
of hemoglobin, the toxic material or some derivative thereof being a ' ^ ™ , 
the globin which was precipitated as a Heinz body and acquired an a off 


basic stains 

The presence of other blood pigment derivatives, formed m many 
with Heinz bodies and methemoglobin, has been studied by eu , 
by Jung," '* and by Kicss” ** and associates These sutv 

globins, appear to have different spectral charactensucs a these 

stances producing them '* The constitution of one of Heubner 

blood pigments, suifhcmoglobin (called also vcrdoglo m ^^t widely 

and his school" believe that it contains no sulfur ut t ' /-{^PtHedge 

held *’ Lemberg and assoc.ates*“ remarked about the confused state 
concerning the chemical nature of suifhcmoglobin 

Heubn«*» * and Kiese and Se.pelr" held that the occurrence 
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mcthcmoglobin and verdoglobin were three separate and independent phenomena, 
although they frequently occurred simultaneouslv Kiesc and Seipelt,’* studying 
the effect of certain hemolytic substances on the blood of dogs and rats, found that 
Heinz bodies occurred whenever verdoglobin was present This was explained by 
assuming that those substances which were toxic to the hemoglobin and converted 
It mto verdoglobin, were also toxic to the membrane of the erythrocyte, thus de- 
natunng it more or less completely and forming one or more Heinz bodies Simul- 
Uncous formation of Heinz bodies and mcthemoglobin was explained in the same 
way Heubner” attributed the nonuniform behavior of certain substances, with 
respect to these three phenomena, to different compounds produced during the 
course of intermediate metabolism of these substances 
Species differences may play an important role For example, it is well known 
that It is difficult to produce methemoglobin in rabbits but not in cats,''* this 
pigment regularly occumng in the blood of normal cats Again, Richardson” 
has shown that it is difficult to produce methemoglobin in mice using sulfanil- 
amide, sulfhcmoglobin being formed much more easily However, the reverse is 
true for chickens Similar species differences have been shown by the inability of 
Kunz^‘ to produce Heinz bodies in guinea pigs with m-dinitrobcnzene, whereas 
they were readily produced by Bredow and Jung,^ using cats as experimental sub- 
jects Likewise, negative results were obtained with sulfapyridine by Moeschlin 
and Hurschlcr*” when rabbits were used but mice gave positive findings It is 
evident, therefore, that negative results with rabbits or guinea pigs, for example, 
should not be interpreted as meaning that a given substance cannot produce 
Heinz bodies in other species or in man Since Heinz bodies and anemia have been 
shown to occur with little or no production of methemoglobin, care should there- 
fore be taken in drawing conclusions either from the presence or absence of granules 
and/or altered blood pigment 


Roll of the SpUen in HetnX. Body Bhenomcnon 

During the existence of Heinz bodies in experimental animals there frequently 
occur also secondar) signs of hemolytic anemia, such as anisocytosis, polychroma- 
tophilia, and reticulocytosis In addition, there is often evidence of splenomegaly ” 
The role of the spleen in Heinz bod) phenomenon has been of interest ever since 
the primar) observations of Heinz Hess and Muller*’ showed that in the macro- 
phages of the spleen of rats poisoned b) pyrodine were found large numbers of 
Heinz bod) phagoc) tes Howe\er, the blood leas ing the spleen by the splenic vein 
contained no Heinz bodies and the) concluded that the particles collected within 
the sinuses were the cause of the observed swelling Schilling”" had noted the 
increase in Heinz bodies of an antifcbnn poisoned dog following splenectomy and 
Zadek and Burg”» confirmed these experimental observations on several patients 
Schilling” likewise observed the presence of Heinz bodies in splenectomizcd nor- 
mal animals, 1 c , those not made toxic b\ any Heinz body -producing material 

appears as if splenectomv were a predisposing factor in the formation 
of Heinz bodies 

It 1$ difficult to reconcile this filtering action of the spleen with the experimental 
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observations on the persistence of Heinz bodies in the blood stream following dts 
continuance of the toxic material Thus, with pyrodine, Cruz' found that the 
length of time required for Heinz bodies to disappear ranged from 8-9 da,s for 
rabbits to 9-1 8 days for dogs Webster, Liljegren and Zimmer’*' observed Heinz 
bodies in a guinea pig for 11 days following a single exposure to stibmc, SbH,, 
in a rat for 33 days and in mice for 55 days after similar exposures 
Further work on the relationship between Heinz body occurrence and the action 
of the spleen, using various species of normal and splenectomized animals and 
various hemolytic substances, appears to be necessary in order to extend our knowl 
edge of the role played by the spleen in hemolytic anemias produced by chemical 
agents 


Staining Characteristics or Heinz Bodies 

Enough has been mentioned to indicate that while Heinz preferred wet prepara 
ttons stained with methyl violet, Ehrlich preferred fixed and stained smears 
Advocates of both methods are well represented m the literature 


Supravital Staining 


Fricdstein,*’ working with Pappcnheim, investigated the vital staining proper 
tics of Heinz bodies with a considerable number of basic dyes, such as brilliant 
cresyl blue, methyl violet, tolmdinc blue, azur I, malachite green, neutral red 
and nile blue sulfate The latter was regarded as being the quickest, most intense 
and easiest to use of those studied The author found that after fixation the Heinz 
bodies had practically no affinity for basic stains but showed an attraction for 
acid stains 

Since nile blue sulfate is but slightly soluble in water an alcoholic solution is 
usually used, allowing a thin film to form on a slide by evaporation The blood is 
then smeared out on top of the dried film, the slide being allowed to stand in a 
moist chamber for 5-7 minutes before examining the cells This is the usual Pap- 
pcnhcim-Schilling technic of supravital examination A common modification of 
this method® consists of placing a drop of blood directly on the dried film of nile 
blue sulfate and covering with a cover slip 

Gutstcin and Wallbach'® claimed to be able to stain both fixed and unfixed prep- 
arations by cither basic or acid dyes In their supravital staining technic, t 9 
mixed the fresh blood with aqueous soluuons G-i per cent) of the stain an 0 


served it between slide and cover slip , 

Webster, Liljcgren and Zimmer,”” investigating the staining 0 ^ ^ 

found methyl violet and gentian violet superior to nile blue s 
violet dyes were easily soluble in water and in Locke s solution, 
modified so as to be more nearly isotonic with the blo^ to 
Fncdstein ’ confirmed Heinz s observations" ffiat ,han 

tected in supravital preparations much earl^in the cour^ ^ j^boratorj haic 
they could be detected in stained sme^s OjT"“Xn :tse Particles are very 
shown that the initial formation of Heinz bodies, w^ ^ p ^ 
small, can best he recognized in wet preparations, where 
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rolling over Since the cells arc subjected to the least trauma in the wet prepara- 
tions, estimation of the number of Heinz particles can be made most accurately in 
this way 

Stamwg of Fixed Smears 

Ehrlich s triacid stain did not prove to be very satisfactory for use in staining 
Hemz bodies and many other technics were devised Panoptic staining (May- 
Gninwald-Giemsa) after fixation is not very satisfactory since the Heinz particles 
>re not markedly stained Recently,'’" a method has been developed utilizing the 
scheme of simultaneously fixing and staining the smear with a solution of methyl 
violet m ethyl alcohol 

Smears have the advantage of giving permanent records but the mechanical 
trauma during preparation of the slides frequently lead to removal of many of the 
Heinz bodies from the cells, as can be readily seen on inspection of the thinnest 
portions of the slide 

HeiiK^ Bodies in Thick Drops 

Basing his work upon a tcchruc of Ross,'"’ Schilling"* "" made extensive use 
of thick drop preparations, the drops after drying being hemolyzed and stained 
'vith Giemsa solution This process has the disadvantage that the cells arc largely 
temoved so that estimation of the number of Heinz bodies in the cells is not pos- 
sible However, Schilling"* regarded this method as demonstrating the presence 
of Heinz bodies with certainty 

differential Methods 

Zadek and Burg"" and Dustin" summarized the differential staining characteris- 
tics of basophilic particles, Howell-Jolly bodies, reticulocytes and Heinz bodies 
The latter author cautioned also against confusion between Heinz bodies and other 
types of granules Fnefeld, Schilowa and Ludwinowsky*' warned against confus- 
ing the marginal bodies (Randkorper) of Rohl with Heinz bodies and Jurgens 
®nd Schurer" showed how these could be disunguished Nizet"* advocated use of 
dark field examination as well as special staimng technics for distinguishing be- 
tween Heinz bodies, reticulocytes and basophilic particles Fertman and Doan** ** 
showed that Hemz bodies did not give the reactions for iron shown by sidero- 
cy tes" ** so that the two kinds of particles could be differentiated 

Experimental Production of Heinz Bodies 
Production in Vitro 

Fricdstcin"’ held that Heinz bodies arc formed only in mvo, the toxic material 
and the blood in vitro forming only mcthemoglobin This was the opinion of most 
inscstigators during the first quarter of this Century In vitro formation of these 
particles was not found by Strampclh'- with pyrodinc nor by Lamhrechts 
Nizct and khady " *' with sulfonamides The observation by Lcwin' in 1SS9 of 
the formation of granules within erythrocytes by the in Mtro action of hydroxyl- 
amine appears to have gone unnoticed However, beginning in 1930, it was shown 
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< Wolff and Lanou,> b> Bratlcy, Burroughs, Hamilton and W 
nd by (^z that Heinz bodies can be produced m erj throcytes in vitro bj means 
of acetyl^pheny hydrazine Moeschlm,” Nizet,»’ Lambrechts, N.zet and khady« 
and Ga)dos and Tiprcz'* likewise obtained positive results with phenylhydrazinc 
In vitro production of Heinz bodies b> certain sulfonamides was reported by 
Mt^chlin” and by Jurgens and Schurcr,^> although this could not be confirmed 
by Lambrechts and associates \Villi>» observed Heinz body formation m vitro 
with a preparation of guaiacol and Gross and associates” found similar action 
with dmitroglycol More recently, Webster, Liljegren and Zimmer”' have demon 
strated this action with mouse blood for a number of hemolytic agents, using 
supravital staining technic 

Therefore, it can no longer be held that these morphologic changes within 
erythrocytes arc restricted to action taking place in the living body However, it 
appears that the conditions necessary for the development of Heinz bodies arc much 
more favorable in vivo than in vitro 

Production in Vivo 

Among the senes of aromatic compounds which were found to produce Heinz 
bodies when administered to animals, the best known cvamples arc phenylhy- 
drazinc and the acetyl derivative, pyrodinc These two drugs remained favontes, 
cither used alone or in connection with toluencdiaminc, in which the acetyl 
compound is quite soluble, as a means of producing and studying Heinz bodies m 
experimental animals However, the extremely toxic nature of these substances 
caused systemic effects which were undesirable 
Richardson*®”"’'’ demonstrated in 1940-41 that Heinz bodies could be produced 
in white Swiss mice following oral administration of sulfanilamide, sulfap)'ndiDe, 
sulfathiazolc, sulfanilylguanidine, and sodium nitntc Using mice, positive results 
with nitntc were reported by Mocschlin*’ but this was not confirmed by Pulina ” 
Renewed interest in Heinz bodies began in 1940 following the discovery by 
Mocschlin®' of these particles in the blood of a number of persons treated with 
sulfapyridinc Companson of this drug, one of the first of the sulfonamides to te 
used clinically, was carried out with sulfathiazolc” and other denvatives 
Moeschlin and his associates found that sulfanilamide produced the greatest num 
ber of Heinz bodies and sulfathiazolc the least Since the response of rabbits to 
these compounds was very slight, white mice were used as cipcnmental anim^a 
Similar work was carried out by Hurschlcr*' and by Lambrechts and associates 
The occasional failure to produce Heinz bodies may have been ^rt > uc to 1 
fences in modes of administration of the toxic substances and also to species dif 

''“„Sw,„g .be wo,b of Moeechl... He*. * 

formation of Heinz bodies in experimental compounds, 

number of industrially important , cenn and nurogly- 

such as nitroaniline, nitrobcnzcncs, nittotoluencs, g) 

4 H !• so-” ” ” ^ 
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Recently, Figgc” showed that these altered erythrocytes could be easily and 
quickly produced in mice by the administration of sulfanilamide in their drinking 
water Such a technic has been used'*' as a means of studying Heinz body forma- 
tion for many months without the severe systemic effects produced by hydrazine 
derivatives 

The chemical constitution of the substances capable of producing these marked 
changes in erythrocytes has long been of interest With the exceptions of chlorates 
and hydroxylamine, only compounds belonging to the aromatic senes and con- 
taining nitrogen have been included until recently Dustin” believes that the ac- 
tion by chlorates is quite different from that of other substances producing Heinz 
bodies If this be accepted, it would seem that nitrogen in the form of ammo or 
nitro groups associated with a benzene nucleus was potentially capable of inducing 
changes in the erythrocytes That this is true for a variety of substituted hydrazine 
compounds can be seen from the work of Hueper'* and of Von Octtingen and 
Deichmann-Grueblcr Von Octtingen s summary'"* of the action of aromatic 
amino and nitro compounds likewise suggests the possibility of similar action 
with many of these industrially important substances 
In the original work by Heinz, this investigator examined the blood of the ex- 
perimental animals for Heinz bodies about xq hours following the administration 
of the toxic material Recently, Gross, Bock and Hellrung,” working with cats, 
have shown the rapid formation of these particles Within 10 minutes after sub- 
cutaneous injection of dinitroglycol, 100 per cent of the erythrocytes in the periph- 
eral blood were found to contain one or more rcfractile particles 
Jung'* has mentioned that arsine is capable of forming Heinz bodies, and Figge*' 
has indicated that they can be formed by such varied substances as cobalt, param- 
inobcnzoic acid and acctalilidc 

Work in this laboratory"" has shown that a number of other substances are also 
capable of inducing Heinz body formation Among those investigated, positive 
results were obtained with arsine, stibine (antimony hydride), sodium nitrate and 
sodium nitrite besides several others used in earlier studies 

From these results it is evident that our knowledge of the relationship between 
chemical constitution and Heinz bod) formation is quite fragmentary and there 
exists a great need for fundamental investigations in this field 

Estimation of Number of Heinz Bodies in Erythrocytes 

Since the Heinz bodies are not hcmol)Zcd by water or saponin solution, these 
particles remain suspended in the solution or the) can be thrown down in a cen- 
trifuge When suspended the) cause a turbidit) which frequently interferes with 
hemoglobin determinations or counting of white cells, since in the latter case 
thc\ arc insoluble in acetic acid Cruz' made use of this turbidit) in quantitatively 
estimating the amount of Heinz bodies present This method was also followed b) 
Horecker and b\ Pimenta de Mello ’* Such measurements, howeser, do not 
pi\c the actual number of particles or the percentage of en throc) tes containing 
such particles For such determinations counting ma) be done on fixed stained 
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smears’” or on supravital preparations ■« The latter method has the advantage 
cN cn e small^cr Heinz bodies can be seen and thus the beginning stages of the 
phenomenon can be detected and followed f b b 


CuNicAL Qbsebvations akd Use of Hemolytic Sctbstances 

It should be recalled that the first observations of refractile bodies in erythrocytes 
were made on persons poisoned by chlorates Ehrlich likcYVisc observed them in 
certain cases of anemia and Ehlich and Lindcnthal found them in a person suffer- 
ing from chronic nitrobenzene poisoning 

Following Hoppe-Scyler s work m 1885, phenylhydrazine was extensively 
used as a chemical for producing experimental anemia in animals but it was not 
until 1918 chat It was introduced by Eppinger and E^oss” for the treatment of 
polyc) themia rubra vera Since then it has received extensive clinical application 
However, the use of this drug was attended by some danger and less toxic deriva- 
tives were sought The acetyl compound, prepared by Liebreich,” was introduced 
in a somewhat impure form in England in 1887 by Drcschfcld’* under the name 
pyrodine, not for reducing the red cell count but as an antipyretic agent Its high 
toxicity, which in rabbits was shown to produce jaundice and hemoglobinemia, 
led to Its disuse until it was introduced in 19x6-18 by Stone and co-workers'” 
and by Bassett and co-workers’ for the symptomatic treatment of polycythemia 
vera 

Little interest in Heinz bodies has been shown in this country, particularly with 
reference to clinical studies This was pointed out by Cruz' and by Pimenta de 
Mcllo,” following a search of the literature on phenylhydrazine and pyrodine, 
and mote recently by Fcrnnan and Doan ” Almost all references to Heinz body 
occurrence in human blood arc found in the German literature 


Schilling, who reported finding Heinz bodies in children poisoned from 
aniline, corned the term Inncnkorperanamicn to designate those illnesses in 
which the presence of inner bodies was regularly found in the erythrocytes of the 
circulating blood 

The discovery of Mocschlin*’ in 1940 that certain sulfonamides were capable of 
producing Heinz bodies in human beings stimulated other investigators to lool 
for morphologic changes in the erythrocytes in their hematologic examination 
From the work of Heubner and his students, who have shown that a large num 
of substances arc capable of producing Heinz bodies in animals, it is cvi ent t at 
more attention shodd be paid to this phenomenon m persons expose to t esc 
substances in industry As early as 1941, directions' were given or ' 

this country examination of TNT workers by Sievers ct ai 

for further investigations of this phenomenon Worker, ^ 

nmg" recommended that examination for Heinz bodies ^lons 

Zinons plants, at least in cases of susy^ced F-ning^-^^tS method of 

require only a few moments and the ouicuTmveal even mi 

examination,’” reqmnng only a drop of fresh of methemo- 

nutc Heinz bodies, if present This is in contrast to th 
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Table i — Summer) oj Chuf Clwical Riperts ef Hcmt. Bodies in Man 


Anthor 

Date 

Diigposis 

Ricss'”'-'«* 

1881-1908 

Potassium chlorate poisoning 

Hcinz^^ 

18901 

Pyrodinc poisoning 

EhrUch'* 

1891 

Anemia 

Ehlich and landcnthal** 

1896 

Chrome nitrobenzene poisomng 

0 Huber” 

I9IX 

Potassium chlorate poisomng 

Schilling^ »• 'i‘ 

19x1 1^1.7 191.8 

Chrome anafebnn poisomng, anihne poison 
mg maJana blackwater fever 

2Sadck and Barg”‘ 

1930 

Chrome myelogenous leukenua, cryptic hy- 
pcrchromic anemia, amhne poisomng 

Gcnkm and RAschewskajt** 

1933 

Aniline poisoning 

Frafcld Schilova and Lud 
vinowsky** 

1937 

Poisomng by amhne, dimtrobcnzene and 
dimtrotolncnc 

Ungncht”* 

1938 

1 

Cryogenine (phenylsemicarbaade) poisoning 

Mocichlin*^ 

1940 

Sulfapyndine poisomng 

Rohr'«‘ 

1940 

Nitrobenzene poisomng 

Doenng* 

1941 

Dimcthylcnediaminodiphcnylsnlfone poison- 
ing 

thlSOQ^* 

1941 

Colchiane poisomng 

WiUi'” 

1941 

Anastil Csuaiacol]) poisomng 

Pimcnti de Mello” 

1945 

Polycythemia vera treated with pyrodine 

Sic\cri ct »1 >0 

1945 

Tnmcrotoluenc poisomng 

Fertman and Doan” ” 

1945 1948 

Inclusion body anemia (following use of 
crythrol tetramtratc) 

Willi'” 

1 947 

EUosin (Sulfamloanuno-diraethyl p) nmi 
dine) poisomng / 


plobin, which requires expensive special equipment for accurate csaluation 
Moreo\er, indications of mcthemoglobin cannot be used as a critenon of the 
ptesence of Heinz bodies 

rinallj , table 1 lists the chief clinical 


reports of Heinz bodies found in man 
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Summary 

Certain morphologic changes in the cr) throc) tes, first described accurately by 
Heinz in 1890, have been noted by many investigators both m cxpcriraenul ani- 
mals and in man These Heinz bodies, called by vanous names, appear to be newly 
formed particles originating cither from the protoplasm or the membrane of the 
red blood cells in the course of irreversible injury by a toxic agent The chemical 
nature of these particles is uncertain but they appear to consist largely of denatured 
proteins They may occur in the blood in the absence of metheraoglobm or sulf 
hemoglobin and without anemia, these phenomena being independent of each 
others Removal of these bodies from the blood stream is frequently accomplished 
by their destruction in the spleen, often with resulting increase in size of this 
organ 

From the staining characteristics of Heinz bodies it is usually possible to dis 
iinguish them from other similar particles and to measure them quantitatively 
Little is known of the relationship of chemical constitution of toxic substances to 
Heinz body formation The indications arc that some inorganic substances are 
capable of inducing this action as well as many aromatic nitro and ammo com 
pounds 

The presence in the blood stream of significant amounts of Heinz bodies is evi 
dcncc of some injury to the erythrocytes If this injury is severe it may lead to 
marked hemolysis and anemia 

Clinical cases of Heinz body occurrence in man, due either to drugs or to indus 
trial poisoning, are cited and the need for further work and especially for Heinz 
body evaluation in routine hematologic examinations is pointed out A bibliog 
raphy is included in this review of the literature covering the chief conmbutions 
to work on Heinz bodies 
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STUDIES ON THE DESTRUCTION OF RED BLOOD FFTT-S 

V Irreversibly Sickled Erythrocytes Their Experisiental 
Production in Vitro 

By Shu Chu Shen, M D , Eleanor M Fleahno, A B and W B Castle, M D 

I T IS well known that in fresh preparauons of the hlood of patients with sicklemia 
the erythrocytes can be sickled immcdiaicly by displacement of the oxygen from 
the hemoglobin, for example, by carbon dioxide or by mtrogen These sickled cells 
can be no less rapidly restored to their normal form when the blood is reexposed to 
oxygen However, even in stained smears of the pcnpheral blood of some of these 
patients a few sickled cells may be present, despite the inevitable exposure of the 
film of fresh blood to atmosphcnc oxygen These cells, then, differ from the 
roajonty of the sickled erythrocytes artifiaally produced in fresh preparations in 
that they have somehow acquired an inabihty to revert to the normal discoidal 
form upon exposure to oxygen Moreover, though crescentic or elliptic, these cells 
do not display filamentous extremities as do freshly sickled erythrocytes in wet 
preparations - 

Although in patients with sickle cell disease the majoniy of the erythrocytes 
when exposed to a range of hypotomc concentrations of sodium chloride exhibit 
a so-called increased osmotic resistance, cnacal study of the phenomenon indi- 
cates that in certain patients a small percentage of the erythrocytes may actually 
possess a slightly decreased osmotic resistance relative to the normal range, that is, 
they are hemolyzed in concentrations of sodium chloride, somewhat more concen- 
trated than those which initiate the osmouc lysis of normal blood Because it is 
possible to cause any type of red cell so far studied to acquire decreased resistance 
to osmotic lysis by stcnle incubation in vitro,’ the quesuon arose as to whether 
they irreversibly sickled erythrocytes and those erythrocytes with decreased resist- 
ance to osmouc lysis arc in fact the same cells It also appeared to be possible 
that both charactcnstics were the result of the same process, namely, stagnauoa 
of the red cells in vivo in the ussue capillaries ’ ’ 'Accordingly, the peripheral 
bloods of 4 patients with sickle cell disease were smdied with respect to the 
natural presence of irreversibly sickled erythrocytes and as to their artifiLial pro- 
duction in vitro 


Methods 

The conventional charactcnsucs of the formed elements of the peripheral 
were determined by the usual methods The percentages /iwme 

erythrocytes in samples of capillary or of defibnnated veno^ blo^Jo^B 
exposure to air or to 90 per cent oxygen and 10 per ^ y ^ prepred 

cter were detenmned while counting i,ooo or more red cells in 
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and treated with Wright s stain in the usual manner The percentages of reticulo- 
cytes were also determined m blood spread upon coverslips previously prepared 
with a dried film of brilliant cresyl blue Thereafter the dried blood films were 
counterstamed with Wnght s stain and the number of reticulocytes determined 
by counting i,ooo or more red blood cells 
In order to observe the effect of sterile incubation at 37 5 C for 14 hours in vitro 
on the reversibility of the sickling phenomenon, 7 cc samples of sterile defi- 
brinated blood were equilibrated in ^50 cc tonometers with gas mixtures contain- 
ing either 90 per cent oxygen and 10 per cent carbon dioxide or 90 per cent nitrogen 
and 10 per cent carbon dioxide Each tonometer, which was equipped with a long 
glass capillary pipct inserted through a hole in a rubber stopper closing the open 
end, was sterilized prior to each expenment With the tonometer lying on its side 
on a table with the stopcock open, the apparatus was carefully rotated back and 
forth about its long axis usually during three periods of 3 minutes each, separated 
by short intervals During each of these penods the gas mixture, which was stored 
in a cylinder equipped with a reducing valve, after bubbling through water, was 
allowed to flow freely though appropriate rubber tube connections to the capillary 
pipct and so into and through the tonometer The stopcock and the inflow tubing 
were then closed During a iq-hour period in an air incubator the blood in the 
tonometers was reequilibrated three or four times with the same gas mixture At 
the end of the incubation period the blood in the tonometers was again carefully 
cqmlibrated with whichever of the two gas mixtures was required by the experi- 
mental procedure, in the same fashion as in the beginning 
Whenever a sample of blood was to be removed for study, the tonometer was 
held in a vertical position The long glass capillary pipet, which then dipped be- 
neath the surface of the blood, was operated as a bulb pipct and a small amount of 
blood was sucked into it and so removed from the tonometer without contact with 
room air After withdrawal from the tonometer, the tip of the pipet was inserted 
beneath the surface of a sterile pool, on the surface of a glass slide, composed of two 
drops of a 40 per cent formalin solution diluted 10 times by volume with physiologic 
salt solution • A drop of blood was then expelled and immediately mixed with the 
formalin solution From this mixture as well as directly from other drops of 
blood expelled from the pipct without contact of its tip with coverslips, blood 
smears \scrc prepared using either plain coverslips or coverslips previously filmed 
with bnlhant crcsjl blue If the experiment was to continue, the remaining blood 
"as expelled from the pipct which was then reinserted in the tonometer with 
appropriate sterile precautions The blood remaining in the tonometer was then 
equilibrated mice with the appropriate gas mixture as described above and the 
apparatus was returned to the incubator Later the blood films were treated with 
'Vright s stain in the usual manner and the percentages of sicklcd cr} throe} tes and 
of sickled reticulocv tes were determined 

Results 

As shown in table i, sicklcd red cells persisted in the blood of 3 of the 4 patients, 
5 • and 4 after exposure of capillan or defibnnated v cnous blood to atmos- 
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irreversibly SICKLED ERYTHROCYTES 


phene air or even after the further equilibrauon of the latter with a gas mixture 
consisting of 90 per cent oxygen and 10 per cent carbon dioxide In Cases r and 4 
the number of sickled erythrocytes differed strikingly at the time of the two obser’ 
vations made on each patients blood As noted by others,’ *-« these irrcvcrsibh 
sickJed cells, although exhibiting the sickle or oat shaped form in fixed as 
well as in wet preparations, did not possess the filaments which arc seen in wet 
^parations of blood artificially sieved by exposure to nitrogen or to carbon 
dioxide gas 


Tabu i cj ImmuUj SuUtd Bjihncjtis $n fmfhcal Blttd cj 4 Pitints u-iih SiMmu 


Cttc Number 

OiprUcry Blood 

Venous blood 

Befibrlnsted In tlr 

Defibntuted end 

oxTTCftsted 

1 

0 

0 

0 

2 . 

1 

1 

I 

i 

3 

XI 5 

16 8 

10 8 

(after splenectomy) 

4 1 

5 0 

5 0 

4 

14 0 

ir 9 

11 8 


4 6 

5 0 

5 ^ 
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of the erythrocytes was prevented as far as possible during sterile incubation of 
blood samples for L4 hours in equilibnum with a gas phase containing 90 per cent 
oxygen and 10 per cent carbon dioxide As shown in table 3, experiment C, these 
erythrocytes almost completely lost their capacity to become sickled upon subse- 
quent reduction of the hemoglobin by exposure to 90 per cent nitrogen and 10 per 
cent carbon dioxide Likewise, except in Case 3 where the effect was only partial, 
the erythrocytes which were kept sickled in the nitrogen-carbon dioxide atmos- 
phere dunng the incubation period largely lost their ability to reassume the dis- 


Table 3 — Pcntnfsits of StehJed Erythrocytts tn Blood Samplts from 4 Pstttnts wttb SfckUmta followtn^ 
Inckbotien for 24 Hours tn the Pmcnct snd Ahsemt of Oxygyn Ktsptcttvely 


PerctnUge of lickled erythrocytei 


Exp 

Charictensttcs of blood samples 

Case 1 

Case 2 

Case 3 

Case 4 



Non 

reties 

Non 

retjcs 

Nod 

reties 

Reties 

Non 

reties 

Relics • 

■ 

Defibnaited \caous blood immcdi 
atcly after equilibration \Mth^ per 
cent Oi and lo per cent CQ. 

0 

1 

I 

1 

5 

3 

1 

5 6 

i 

1 

B 

Defibnnatcd venous blood after incu 
bation in jo per cent Oj and 10 per 
cent COj for 14 hours 

0 

X 

IX 0 
(lo) 

4 6 

7 0 
00 

1 

X 0 

1 

c 

Same after hoal reequihbrauon in 40 
per cent Nj and 10 per cent COj 

1 

0 ' 

i 

1 

X 

1 } 5 

O5) 

5 0 

6 0 

C14) 

0 

D 

Defibnnatcd venous blood imracdi 
atcly after cquiUbraaon \vith 50 per 
cent Ni and to per cent COj 

(70) 

C88) 

(5°) 


C^s) 

— 

E 

Defibnaatcd venous blood after incu 
bauon in 90 per cent N and 10 per 
cent CO for 14 hours 

90 

88 

44 

C35) 

40 

Ca6 9) 

60 

F 

Same after final rcequibbranoo in 90 
per cent 0 and 10 per cent CO 

75 

84 

38 

(^7) 

31- 

a8 6 

Cm) 

IX 


* Figure! in column arc percentages of sicUed reaculocytts 10 terms of total rcncolocy tes 
( ) Figures in parentheses arc the results of obscrsations using the formalin tcchmc. 


coidal form upon exposure to the oxj gen-carbon dioxide gas mixture (expenment 
F) In table 3 arc also shown the immediate effects of equilibration with the oxy- 
gen-carbon dioxide gas mixture (expenment A) and x\ith the nitrogen-carbon 
dioxide gas mixture (expenment D) Also included arc the results of the xanous 
experimental procedures upon the reticulated erythrocytes of Cases 3 and 4 The 
prolonged incubation in the oxygen carbon dioxide gas mixture appeared effec- 
tixeh to present the subsequent sickling of the reticulocytes upon exposure to a 
nitrogen-carbon dioxide gas mixture (compare expenment C x\ith expenment D) 
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IRREVERSIBLY SICKLED ERYTHROCYTES 


Hcnvcvcr, incubation in the nitrogen-carbon dioxide gas mixture was not as 
effective in rendenng reuculocytes irreversibly sickled when subsequently exposed 
to ox>gcn as it was in the case of the nonrcticulated erythrocytes (comparc cipen 
ment E with expenment F) The figures obtained yvith the formalin technic are 
shown in parentheses in table 3 The percentages of sickled erythrocytes in the 
smears prepared from the formalin solution agreed reasonably well with those 
made in the usual fashion The technic could not be employed for reticulocytes, 
which were rendered unable to take the brilliant cresyl blue stain by previous 
exposure to formalin 


DiscnssioM 

The fact that the sickling of the erythrocyte^ strikingly increases the viscosit) ’’ 
of the blood provides an obvious explanation of the characteristic pathologic 
lesions of sickle cell disease, namely, the congestion of the capillanes and the 
multiple thromboses and infarcts including frequently the total atroph) of the 
spleen ‘ t s However, many sickled red cells apparently traverse these areas of 
lowered oxygen tension and thus with proper precautions against exposure to air 
ate demonstrable in wet preparations of venous blood The readiness with which 
these cells revert to the discoidal form distinguishes them from the irreversibl) 
sickled erythrocytes which may also be present in such wet preparations and which 
form the subject of this communication Only the irreversibly sickled forms, how- 
ever, are observed m the usual stained blood films The hypothesis examined 
experimentally here is that the persistently sickled form has been assumed because 
of prolonged or repeated intermittent exposure to anoxia and consequent erythro- 
stasis in the capillanes of various organs * ^ * Janet Watson* infers the effenive- 
ncss of stagnation in vivo from the finding of Diggs and Bibb of irrcversibl) sickled 
forms in the pleural or ascitic fluids of patients whose penpheral blood showed none 
of these forms Clearly, from rhe experiments reported here, the effect of stenlc 
incubation in vitro upon erythrocytes mainrained in the sickled form under anoxic 
conditions is to cause loss of ability to revert to the discoidal form upon reexposure 
to oxygen Moreover, these incubated sickled crythrocj tes resemble the irrevcniWy 
sickled forms seen in fixed blood smears with respect to their lack of the hairhke 
processes frequently extending from the ends of the crescents that arc charactcnstic 
of the sickled forms artificially produced in wet preparaaons b) exposure to nitro- 
gen carbon dioxide gas mixtures * *-• uirmJ 

Although irreversibly sickled reticulocytes are rarely seen in the penp era 
of patients with sickle cell disease,'"’ * these cells arc capable of sic mg in vitro 
if their hemoglobin is suffiacntly reduced ' ’ * The present expenments m iMt^ 
that after incubation in the nitrogen-carbon dioxide gas mixture a arger pro 
non of the reticulated than of the nonreticulated erythrocytes, ' 

blood of Case 4, were able to revert to the discoidal jbe 

oxygen This finding confirms the suggestion already ° ^ 

acquisition of a permanently sickled form ^'cesses are concerned in 

acncly long or repeated exposure to whatever ^ form Hmvcvcr, 

order to allow for maturauon of the reticulocyte to the m 



SHU CHU SHEN, E M FLEMING AND W B CASTLE 5O3 

although the blood of Case i showed an increased osmotic fragility of a small 
proportion of the red cells, a finding which conceivably could be due to crythro- 
stasis m vivo,^ no irreversibly siclded red cells were present The fact that irrevers- 
ibly sickled reticulocytes are so rarely seen in the peripheral blood is strong evi- 
dence against the possibility that they arc young cells recently delivered by the 
bone marrow 

It may be argued that exposure to atmospheric oxygen m the preparation of the 
blood films would invalidate the experiments in which formalin fixation was not 
used However, reversal of sickling due to exposure to atmospheric oxygen would 
be expected only in the case of films made from blood removed from the tonometer 
after equilibration with the nitrogen-carbon dioxide gas mixture, as, for example, 
in experiments C, D, and E of table 3 The differences between the numbers of 
sickled red cells in the ordinary smears and in the formalin fixed smears do not 
significantly alter the conclusions drawn from these experiments 

Conclusions 

I The peripheral blood of patients with sicklemia when examined in wet prepa- 
rations without contact with air may contain two distinct types of sickled eryth- 
rocytes 

The first type, which exhibits filamentous processes extending from the ends of 
the crescentic forms, resembles those produced by exposure of the blood to nitrogen 
or to carbon dioxide gas in vitro Exposure to oxygen causes these red cells to 
revert to the discoidal form 

The second type appears as sickle or oat shaped forms without filaments, 
in fixed as well as in wet preparations of the blood, and does not revert to the dis- 
coidal form upon exposure to oxygen Such red cells rarely exhibit the vital staining 
properties of reticulocytes In the blood of one patient their presence did not corre- 
late with the presence of red cells of relatively increased osmotic fragility 

X When samples of the blood of 4 patients with sicklemia were incubated for 
X4 hours at 37 5 C in the absence of oxygen, the nonreticulated red cells largely 
lost their ability to resume the discoidal form when exposed again to oxygen To a 
considerable extent, ho\%e\'er, reticulocytes retained their ability to revert to the 
discoidal form Similar incubation in the presence of oxygen caused loss of the abil 
It) of both adult and reticulated red cells to sickle when subsequently deprived of 
OX) gen 

3 These studies confirm the h) pothesis that sufficient intermittent or continuous 
stagnation of the red cells in various organs in s ivo with consequent sickling ma) 
ttsult in the production of irrcvcrsibl) sickled forms 

4 The fact that rcticuloc) tes do not as readil) acquire the propert) of becoming 
irrcvcrsibl) sickled after incubation in vitro as do nonreticulated red cells ma) 
explain the fact that irreversibl) sickled reticuloc) tes are rarcl) seen in stained 
blood films 


REFERENCES 

' Siniw«i<r,;ri \ P MiLiir.isW A A-oHoinrAL, R U Sickle cell incmij Report of two cu-s 
>n chilJrcr with nc-rofAv in one cjv: \m J Du Child e i). ig.j 



504 IRREVERSIBLT SlCi-LETI EETTHHOCTTBS 

* Dioos, L W , and Bibb J The ctythroqrte in sickle cell iDemu, JAMA tiz. 635 
•MoBBiir, R C andShapiuo S The pAchologjr of sickle cell disease Ann Int Med ij 376,1545 
‘ Gbaiiam, G S andMcCabtv, S H Sickle cell (incntsocytic) anemia South M.J 2j 598,1530. 

‘ SrDBNsiwCKi*, V P Sickle cell anemia M Qm North Aroenca m 1451 1919 

* Watson, J A study of sickling of young cr3'thfoc) ics in sickle cell anemia Blood; 465,1548 

’ Hau, T H , AND Castlb, W B Relauoo of increased hypotonic fragility and of ctythroiuiii to the 
mechanism of hemol) SIS in certain anemias Tr A Am Physicians// 117,1940 

* Baubb j Sickle cell disease Pathogenic clinical and therapenuc considerations Arch Snrg 41 1344, 

1940 

* Sothman, I J The sickling phenomenon mth special reference to the differcntunon ol tickle cell 

anemia from the sickle cell trait Bull Johns Hopkins Hosp, f; 309 1540 



OVALOCYTOSIS ASSOCIATED WITH THE SICKLE CELL TRAIT 
By Robert S Fadem, M D 

T he patient dcscnbcd in this report is a young Negro male whose blood 
showed both ovalocytosis and sickling Only one other instance of the coex- 
istence of ovalocytosis and the sickling phenomenon has been found in the litera- 
ture * In that instance some of the ovalocytic cells became sickled in fresh sealed 
blood preparations In the patient reported here it was found that only the discoid 
red blood cells were capable of sickling, the ovalocytes did not undergo this change 
Ovalocytosis has been reported in both sexes and m both white and Negro 
races " ” The precursors of the oval shaped cells show no detectable morphologic 
abnormality, and the anomaly apparently first makes its appearance in the reticulo- 
cyte stage ” The factors which dctcrmioc the unusual shape of these cells have not 
been established 

It has been suggested that ovalocytosis is hereditary and is transmitted 
as a simple mendelian dominant ‘ ’ Entire families with the trait have been 
studied It has also been suggested that (a) these cells represent a struc- 

tural adaptation to some unknown constitutional factor’”, Qj) that they have an 
intraerythrocytic susceptibility to some extraerythrocytic influence, cither one of 
which, or both, may be congenital ’ 

Several different observations have been made upon ovalocytes in fresh scaled 
preparations One case has been described in which the ovalocytes became more 
round in appearance when sealed for long periods of time in fresh preparations ” 
Other cases have been reported in which the ovalocytes did not change shape in 
such preparations ’ ” One case has been reported in which some of the ovalcytic 
cells became sickled in such preparations ’ 

We wish to report in this paper a patient observed during routine hematologic 
study who presented the peripheral blood picture of ovalocytosis associated with 
the sickle cell trait Siclding was observed to occur only in the normal appear- 
ing discoid red blood cells 


Case Report 

{.Hisfitel Fill A nsfyi) W J 15 yeir old Negro mile entered the Sin Diego Ni\ il Hospiul rvith the 
compliints of intermittent chest pun bone iches and sseiLncss of ipproximitely thtee months 
dnrition He hid been seen bj his prisite phjsiciin on three occasions prior to his admission to the 
bospital At each \ isit the patient ss as told he bad an anemia (because of the unifstial appearance of his 
ted blood cells) Treatment with iron and multiple vitamins w as instituted at each s isit As the patient 
S' as 1 gosetnment emplojee he "is admitted to the San Diego Naval Hospital for a thorough examina 
tiononJol)n 

The phjsical examination "as entirelj normal On routine hematologic studies his peripheral blood 
svis observed to contain per cent os aloes tes Because of this observinon further studies sverc made 
■bit revealed the diu shossn in tables 1 x and } 

Fresh "et preparations under cover glass sealed "ith vaselin- shosved sicUingof the normal appear- 
ing diicoid red cells ssnthin iS hours TTic ovalocvtci did not charge their shape after px hours in the 
Ftparatioas (see fig j) 


Mara aipt p-epated "bile autho svas a m dical oificcT in the United States Sivy 
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Flo r, — RxmoDucnos of a PnorowiCROOEAPH of Cells as Seen aftee Immediate Fixation of 
PcEiFiitEAL Blood Withdeass'k ukdee Oil. X950 

marrow examination rc% calcii a normal bone marrow The red blood cell precursors were all of 
normal shape There as no evidence of hyperplasia of the red blood cell elcm-nrs 

The patient s s)Tnptoms disappeared after he was told he had no serious blood diseas* He was dis 
on the fifth hospital da) compictcl) asymptomatic He sv as seen aijam six months after discharge 
on Jacuar} ^ at which time blood studies were csseotiall) iinchang*d from admission studies 
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ovALOcrrosis and the sicxle cell trait 
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1 n Discoid CttU Dnw 

Fio 3 -F*«h Fiiai. Phep^Ration SBO^v,KO S.cxu>.o Noucal A««»wo 
mgs made »t o, 6, ix and i8 hours Ovaloc) cos thoned no siclcling 


Summakt , 

tilood cells were composco 

1 A patient has been presented whose 5one normal appearing 

of 65-84 per cent ovalocytes, }-ii per cent sicklcd cells, 

b.o»l »il a.! .ba biood .«d.» "“'‘■ 

Hit red blood cells shossred >o increased resisiance lo b)t«i«”“ ‘ 


X 
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Table i 


Dili 

wc 

RBC 

Hb 

PCV 

MCV 

MCHb* 

MCHbConc* 


per cu mm 

per cu nm 

Gm per 

100 cc 

% 

CU fi 

micro 

micrograms 

% 


7.50° 

4 7 

M 

4 t 

87 

30 

■ ■ 


8,100 

4 9 


42 - 

86 

30 


bsh 

7 15° 

4 9 


42- 

86 

30 

■I 


• figured to the neirest whole number 


Table 1 


Date 

Fre*h Fixed Preparation* 

Fresh Sealed Preparation at 72 hours 

, OvalocTtca 

, Sickled Cells 

Ovalocytes 

Sickled Celb 


1 

% 

% 

% 

% 

8 -1L-47 

76 

8 

75 

16 

8-15-47 

84 

3 

84 

14 

8-17-47 

65 

II 

67 

XI 


• To determine the exict percentages of ovalocytes and siclded cells circulating in the penpheral 
blood at any one time blood was withdrawn from a vein into a synnge under oil directly into a 
ten per cent formalin in sahne fixing solution The fixed cells were then placed on glass sUdes, the 
fixing solution allowed to evaporate and the cells stained with Wnght s stain* 


Table j 


Due 

Fragility Tests 

Subject 

Hemolysis be^an 

Hemolysis completed 

8 - 11-47 

Control 

40 

3 »- 

1 

Panent 

31 

18 

8-17-47 

Control 

4 *- 

3 ® 


Patient 

38 

30 


4 The peripheral blood showed a daily variation in the percentage of circulating 
o\aloc)tes, from 63 per cent to 84 per cent, and in the percentage of circulating 
sickle cells, from 3 per cent to ii per cent 

5 After 73. hours in fresh tset preparations the per cent of ovalocjtes remained 
«scntially unchanged from that of fresh fixed blood 

6 The percentage of sickled cells was found to be increased after 18, 14, and 72. 
hours in fresh xset preparations as compared to the percentage of sickled cells 
found in fresh fixed preparations 

7 Some of the normal appearing discoid red blood cells ssere observed to sickle 
in fresh wet preparations within iS hours 

COVCLUSION 

'■'ic have shown that this patient s red blood cells demonstrated the condition 
referred to as ovaloc>tosts In addition, the patients normal appearing discoid 
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OVAI^CYTOSIS AND THE SICKLE CELL TRAIT 


red blood cells demonstrated the sickling phenomenon when observed in fresh 
scaled wet preparations Therefore, we wish to present this patient as one whose 
peripheral blood showed the result of two different shnormslitics odc^ ovaJo* 
cytosis, and the other, the sickle cell trait 
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THE BLOOD AND BONE MARROW IN PATIENTS WITH CIRRHOSIS 

OF THE LIVER 


By Lawrence Berman, M D , Arnold R Axelrod, M D , Thomas N Horan, 
M D , Samuel D Jacobson, M D , Elwood A Sharp, M D , and 
Elmore C VonderHeide, M D 

Introduction 


A RELATIONSHIP between hematologic changes and cirrhosis of the liver 
has been shown experimentally”’ *- and clinically ** Ivlany other- 

wise excellent studies ate not completely satisfactory because the diagnoses of 
hepatic cirrhosis have not been verified by biopsy The advantages of biopsy in 
the diagnosis of hepatic diseases have been emphasized and illustrated by Hofbauer, 
Evans and Watson,’® and others 


Cases and Methods 


This study is based on a review of the literature and analysis of 15 cases with 
diagnoses of hepatic cirrhosis venfied by biopsy of the liver Complete blood studies 
with simultaneous aspiration biopsy of sternal marrow obtained within one-half 
to twenty-four hours before the liver specimen was removed were earned out on all 
patients There were 19 males, and 6 females The age range of the paaents was 31 
to 71 years, 76 per cent ranged between 43 and 68 years The case histones, clinical 
and pathologic diagnoses are given in the appended case reports 
Peripheral blood studies, including determinations of volumetric data and 
corpuscular constants were carried out according to methods described by Win- 
trobe ” Normal ranges for erythrocyte, leukocyte and platelet counts, mean corpus- 
cular volume, and mean corpuscular hemoglobin referred to are those stated by 
Wintrobe and found to be in agreement with observations made m our laboratory 
Differential counts of cells in the bone marrow were based on enumeration of a 
minimum of zooo cells Serum protein levels were determined by the method de- 
scribed by Osgood 

The hematologic terminology used by us follows that in current use by Downey’* 
and Jones ** 


Li\er specimens were obtained pcritoneoscopically The evaluation of the liser 
lesion s\as based chief!) on the degree of fibrosis and atroph) according to the 
following schedule Grade I cirrhosis, traces of fibrosis, Grade IT cirrhosis, definite 
fibrosis plus atroph) of hepatic cells. Grade III cirrhosis, fibrous tissue equal to 
hepatic parench) ma, Grade IV cirrhosis, fibrous tissue exceeds hepatic parcnch) ma 
o addition, other factors such as fatt) metamorphosis, l)Tnphoc)tic infiltration, 
^nd atipical bile duct or hepatic cell regeneration were taken into consideration 


O Dcpinmcnts of Pitholo^ and Medicine \\a\*nc Univenir) Colley of ^^edIClOc and the 

cd Detroit Rfcavinp Hospital Technical amitance oat fumuhed bj the Anemia Laboratorr Ont 
ptimt Harper Hmpiul 
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The degree of hemosiderosis was determined by examination of sections stained 
for iron 

The sternal marrow was obtained and processed bj the methods dcsaibcd by 
two of us (X B and A R A ) * ♦ Estimations of megakar)mcyce content of 
marrow samples %verc based on counts of megakaryocytes in senal sections of 
aspirated marrow particles Fifty consecutive fields outlined by the Whipple eye 
piece disc were examined at 100 micron intervals The total numbers of mega 
karjocytes in the fifty fields were compared with similar counts on material from 
10 health) individuals 

All studies were made shortly after admission of the patients to the hospital, 
before various thcrapcuuc measures were undertaken 


The Blood Picture in Patients ssuth Cirrhosis or the Liver 


L$t<raturt 


Anemu The common occorrence of anemia m panencs with ciirhoiis of the hver has been mennooed 
freqnently 1 « u n Ji u ti of anemia 11 not comideted to be depaidcnt on bleed 

ing * ’t-»i « jt fi [,000 stated that the anemia is mnall/ either matrocjTic or oomoqmc, it is not 
b>-pochronuc imless hemorrhage 11 a complicating factor ’> Winttobe'* noted that while macrocftic 
anemia is found in cases of liver disease of vanons types, and is most common in cirrhosis, the aocmia is 
present only in instances of disease of long doraaoo and wide extent. The teported ftcqoenaes of macto- 
cytosis, macrocytic or hyperehromic anemia vary greatly For example Benhamon' obswvcd nucro- 
cyDC anemia in only ti per cent of 35 patients, whereas Rosenberg and Walters" found that maaoeytosis, 
almost invanably associated with anemia, was present in 89 7 pet cent of 48 pioents Others' " ” hare 
repotted incidences from 43 to 91. per cent. Some of the inconsistency in the reports may be due to in 
adequacy of determining cell size wichont the rise of data obtained with the hematoent 

The anemia of cirrhosis may alto be normochromic or normocytic.’ In 1 group of paoents reported 
by Fellioger and Klima •' 31 j per cent of 40 paoents had normochromic anemu Andetsson and Sttan 
dell' teported normochromic anemia in 48 per cent of fit patients who did not hare Heeding from the 
gascrointcsuoal tract Although bleeding is not an essential factor m the pathogenesis of hyperehromic 
or normochromic anemia m patients with hepatic cirrhosis, it is usually a pcomincnt cause for micro- 
cytic hypochromic anemia ■ t < i* « 

A significant number of patients do not have apptcaablc anemu When bleedingis care/bifymJ 
as has been done in the two reports by FcUinger and Klima ” ” 34 per cent of pancnti in 
of the disease arc free of anemia The dictum that anemia in cirrhosis is propomooal to i n^t 
and extent of the disease as is true in experimenul atumals,” docs not seem to be subsuntiatt 
review of the litcratun: . 

Qulttatm C 4 «ng« « Erythm^tts With regard to qualiutive changes 10 ^ ^ 

paueots the htetatute presents conflicting news According to VlTiitby and ^ character 

allied macocytosis withom gross anisocytosis or poilcliocytosis AJlesaodn et a 

istic iiomacrocytosis while others' « emphasit^ the prominence of metea neither 

obscrvedincrcasedaoisocytosisandpoilcilocytosisinsomeofoiirpDeflts hoc 

present nor absent with sufficient regularity to be of value for d.sangui'h'®* between the macrocyt, 


anemia of cirthosis and that of other conditions „,„cats with cirrhosis of ih- 

LnAxjtes There are few dcutled reports of the leukocytic picture m p loiLoci les tub 

liver Some authors' « « « « « were unable to find characccniiic 

erjM « « have discussed the occurreoce of leukopenia espraally czp-n'nce 

generally recogmzed that some pauents exhibit a nomul [jjt th,t ibe appearance of 

leukocytosis after pracentesis, surgical operations or infccnoos ” ^ mihognomooic sign 

coarse azurophil granules in increased numbers in the majonty ol mon^ ^ 

of cirrhosu rf the liver Saragea and Seicatesco” ” suted that eren 1 
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perccnugc of ncntrophils The Utter sutcment implies that lymphopenia may be partly or largely 
responsible for the lenlcopcmas 

VUttUts Occasional rrferences to the platelet counts* *• ** include few with particular empha- 

sis on pUtelets The counts were subnormal in a varying proportion of cases Mongcs, Poinso and Fmctus“ 
made a special stndy of pUtelets in 15 patients In ix there was thrombocytopenia of moderate degree 
Morlocic and Hall*' found thrombocytopema m 17 5 per cent of 80 patients A hemorrhagic tendency 
was present in many of their patients regardless of the presence or absence of low platelet counts, but 
It was relatively twice as frequent when thrombocytopenia was associated 

Results of the Present Study 

Anemia Our cases were analyzed for the presence or absence of anemia, and the 
charactenstics of the anemia, when present Twenty-one patients (84 per cent) had 
anemia Sixteen of the anemic patients exhibited macrocytosis, 3 had normocytosis, 
and i had microcytosis Approximately three-fourths of our paaents had macro- 
cytic anemia or macrocytosis on their initial studies In 84 per cent of the cases 
with macrocytic anemia the mean corpuscular hemoglobin values were normal or 
elevated Microcytic hypochromic anemia was associated with chronic and acute 
blood loss from the gastrointestinal tract in i of 2. patients with this type of anemia 


Table i — Erjtbr^tt counts and gruds of ctrrhosts tn 2$ f stunts 


Crude of drrhotli 

; Number of cAtc* 

Ranfe RfiC (per cu mm ) 

Avenge RBC (per cu mm ) 

Z 

5 

1, 450, CX>cr-4, OLO» 000 

3,530,000 

1 

9 

750, 000-5 , 000, C?oo 

4,068,000 

3 

4 

1,790, 000-3,870,000 

3,393,000 

4 

7 

1,590,000-4,950,000 

3,700,600 


There was no correlation between the severity of the anemia and the grade of 
cirrhosis (table i) 

Leukocytes The total leukocyte counts ranged between 1,960 and 47,100 per cubic 
millimeter Five patients had counts below 5,000, 10 had counts within the normal 
range (5,000 to 10,000), and 10 had leukocytosis We did not observe a relationship 
bcn\ccn the total leukocyte counts and the presence or absence of ascites or bleed- 
*ng, since leukopenia, leukocytosis and normal counts were present in both these 
catcgoncs However, leukoc) tosis occurred with greater frequency among patients 
"ith fact or infection, or both In other words, the presence of cirrhosis did not 
inhibit the Icukoc) tic response to infection or toxemia The seventy of the liver 
csion \Ms not a factor affecting the total leukocyte counts 
In sixteen of the 15 patients (64 per cent) there was absolute lymphopenia (less 
^'niphocytes per cubic millimeter) This was present regardless of 
" ether the total counts were depressed, normal, or elevated (table i) In fact, 
jc'CTal of the lowest absolute counts of lymphocytes occurred in patients with 
'^'^b exception of i cases, one of which was that of a patient 

'"th both cirrhosis and chronic lymphatic leukemia, the absolute counts of 
'mphocMcs were at low normal or lower than normal levels Absolute lympho- 
I^nia was the most constant significant alteration in the leukocytic picture m 
P-^^'ents with hepatic cirrhosis 
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A special study was made of the peripheral blood smears m an effort to discover 
morphologic changes in the leukocytes of our pauents Except for occasional in 
stances in which toxic changes of neutrophils and monocytes were seen, there were 
no significant alterations of the morphology of the cells 


Table l, Tctal /tukayrt citats, thiliat auntt »/ Ijmfiicytts tad tjfts if hahe^u ftetm m aj fnaal: 

With ctrritits tj tit hvtr 


Cut 

1 ToUl leokocytca 
(p<r cu mm ) 

Lym^^iocytca 
(per ca mm ) 

Remttki 

1 

5.500 

1,710 

Ncntropemi 


X 

5.300 

z,o6o 


L/mphopcnia 

3 

11,000 

880 

Ncntfophilia 

Lympbopema 

■4 

11, 500 

1,500 

Ncatrophiha 


5 

6,650 

1.930 



6 

6.500 

510 


L^mphopcmi 

7 

8,500 

1,360 

Neutrophilia 

Lymphopenia 

8 

7.650 

1.960 



9 

3.350 

670 

Ncutropema 

Lj-mphopenii 

10 

4.950 

540 


Lymphopenii 

II 

10 450 

r, 150 

Ncucrophilii 

Lymphopenia 

IZ 

11.350 

680 

Nentrophilit 

Lymphopema 

n 

7.550 

1,660 

1 


H 

13,300 

93° 

NcotrophiliJ 

Lj-mphopetua 

15 

4,850 

580 


1 Lymphopemi 

16 

10,500 

1,360 

Ncan-ophilia 

Lymplioptnia 

17 

M.500 

980 

Neutrophflji 

L^mphopenii 

18 

10 800 

1,710 

Neutrophilii 


19 

8,000 

1,310 



10 

11,050 

3.380 

Nentrophilu 

Lymphopenia 

IZ 


1,110 

Nentrophtbi 

11 

47,100 

9,510 

NcntrophilJi 

Lymphocytow** 

13 

3,800 

990 

Nentropenij 

L/mphopemi 

M 

15 

5.900 

3.100 

1,480 

930 

Nentropenii, 

Lymphopenia 

Lymphopenia 


* Caic 2J. complicated hy chrome lymphaac IcoJccmia. 


Table 3 — Tht flattlet cetmts ttt ly fatUMtJ tttsb ctrrhuu 


FiateJeU (per cq mm ) 

No of Ota 

Less than 50 000 

1 

I 5 


50,000 to 100 000 

8 


100,000 to 130,000 

11 


130.000 to 300,000 

300.000 to 400 000 

i 



fUuUts The platelet counts observed in our J/^res with 

:ounts were determined indirectly by companng t e n method yields 

iat of the platelets in stained blood smears In out hands, the m 
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normal values ranging from 150,000 to 350,000 per cubic millimeter The counts 
were in the low normal range or significantly lowered in 13 of 15 patients 

Dtscusston of the Peripheral Blood Findings 

We may summarize the available information regarding the peripheral blood 
findings m patients with cirrhosis of the liver as follows 

I Anemia, usually of macrocytic or normocytic type, is of common occurrence 
2. In the majority of instances of macrocytosis, the mean corpuscular hemo- 
globin values are normal or elevated 

3 Bleeding is not an essential factor in the production of macrocytic or normo- 
cytic anemia in cirrhosis 

4 Microcytic hypochromic anemia is suggestive of chronic bleeding when it 
occurs in patients with cirrhosis of the hver 

5 The seventy of anemia is not proportional to the duration or extent of the 
hver lesion, although this appears to be true of expenmental cirrhosis of the liver 
in rats 

6 There are no constant significant quahtative changes in the erythrocytes or 
leukocytes 

7 In uncomplicated cases, leukopenia is likely, but the presence of arrhosis does 
not prevent the leukocytic response to infection or other complications 

8 Lymphopenia, regardless of the total leukocyte count, is the most constant 
significant change in the leukocytic picture in patients with cirrhosis This point 
seems to have been overlooked In Masina s data on 20 patients with the disease 
the total leukocyte counts ranged from 3,200 to 8,360 per cubic millimeter “ The 
absolute counts of lymphocytes were less than 1,500 in 17 of his cases (85 per cent) 
Russo’* supplied data on 14 pauents with total leukocyte counts from 3,000 to 
16,000 In ten cases (71 per cent) the lymphocytes were below 1,500 per cubic 
millimeter and, in an additional case, the lymphocyte count was 1,564 

9 The platelet count is in the low normal range or significantly lotvcted in the 
majority of patients Those with severe liver damage had lower counts, on the 
average, than was the case for pauents with slight liver damage in our matenal 
Hemorrhagic phenomena are approximately twice as frequent in patients with 
thrombocy topcnia as compared with patients having normal platelet levels 

The pathogenesis of anemia in cirrhosis of the liver is obscure While it is clear 
that microcytic hypochromic anemia can be attributed to chronic blood loss m 
nearly all instances, our material indicates that normocytic or macrocytic anemias 
arc not dependent on bleeding, as has also been shown by others ’ It has 

been shown that some pauents with cirrhosis of the liver have greatly increased 
plasma tolutncs The importance of hemodiluuon as a factor resulung in de- 
prrsscd cry throcy te let els needs further ctaluation 
' arious thcones concerning the cause of macrocy tosis ha\e been offered Among 
1 cm arc (i) E)cfccti%e storage or metabolism of the anti-pcmicious anemia 
principle (Wintrobc," Wmtrobc and ShumacLer*'), (2) Increased incidence of 
^ticulocy tes (which arc larger than mature cells) (Rosenberg and Walters”), (3) 
"cllinq of cn throes tes as a result of direct action of retained bile densauves in 
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the peripheral blood CMeulengracht>0 None of these theories is sausfactoryforthc 
Allowing reasons (i) The hematopoietic factor has been demonstrated in the 
In ers of patients dying of extensive hepatic disease,” (z) Marked macrocytosis 
may be present without marked rcticulocytosis (see our cases 5, 6 and ii}, (3) The 
degree of icterus is not proportional to the degree of macrocytosis and, as Boros'* 
pointed out, not only is the cell volume increased but also the hemoglobin content 
and color index is elevated, which would not be the case if a plasma factor had 
caused simple swelling of the erythrocytes 

It cannot be denied, however, that increased hemolysis may play a role This 
view IS based on the observations of Watson'” who ated 8 pauents with macro- 
cy'tic hemolytic anemia and cirrhosis of the liver, and those of others' who have 
utilized quantitauvc determinations of urobilinogen excretion in addition to com 
plcte blood studies 

It IS of interest that both lymphopenia and hyperglobulinemia occurred in the 
majority of our patients This combinaaon recalls the work of Dougherty and 
White who have demonstrated the relationship between pituitary adrenal corti- 
cal secretion on the one hand, and lymphopenia and hyperglobulinemia on the 
other It has also been shown that many kinds of stimuli can cause the adrenal 
cortical acavation which results in this combination of phenomena Among them 
arc administration of large doses of estrogens In view of the work of Glass, 
Edmonson and Soil*” which reveals increased cxcieuon of free estrogens by pauents 
with cirrhosis of the liver as a result of failure of the damaged liver to inactivate 
estrogens, the possibility exists that the lymphopenia and hyperglobulinemia $0 
often seen in patients with cirrhosis, in part at least, have their ongin m adrenal 
corucal activauon 


The Bone Marrow Picture in Patients with Cirrhosis of the Liver 

Littratan 

Repotts of bone roatrow can be divided into two groups those based on intopty micna) and tbojc 
bated on atpiranon of miirqw from the living patient 

Ajtttfn Muterul In mott mitaocet the marrow wat ttudied bj means of grots msp^oo, or bf 
eiaimnanonof tecuons prepared from tanous bones '* “ ” venfied On 

advantage of antopsy material it chat the diagnoses of hepaoc arthom can be acceptea as ^ 

the other hand, tccaoncd macenal obtained after death it leii suitable for dincxtmitKm 
edit than it the cate for marrow in the form of frethly prepared impnnti or 
which develop rapidly after death preclude accurate identificaaon of many of 
However, the diimbunon of cellular marrow can be obiervcd and in fresh ossoc, it it pou 
tinguiih the main varieties of Icnkocytoid and etytfaroid edit ^ shafti of the 

Vanout authors have deicnbed extemioo of hematopoietic « » is iijnJ 

femnn,” « »-» n « trantfonnaoon of yeUow to red matrowm the^ 

eryihroid or notmoblattic hyperplasia =« « n « » fa goief^u ™«aitiug replseement 

hypctplaiia ocenrt in both the normal tites of hematopoieat anu m rue ^£^_omot lympho- 

of ycUow marrow by hcmopoieucally active marrow There a^ „ ^0 d^Tied an ocea 

cync mydocyoc, mydoblaiDC or fatty marrow « re,cooo m bit autopsy tena. 

iional mydoblasnc rcacuon m addiuon to the usual eiy^topoie^ ^atsficaDOO of cdls and that 
called attention to the fact that autopsy nutenal is not lyirottr and Klims" 

St was probable that the so-called mydoblaits tepttsented aythropoittic ci 
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stndicd a group of 48 patients with Laconce s cirrhosis In each case occult and gross bleeding from 
the gastrointestinal tract had been carefully excluded In the autopsied eases the> found red marrow 
m the shafts of the femurs even in the absence of bleeding 

Bt^sy Material The ad\ outages of aspiration biopsj of the sternum arc that the bone raarrou can 
be examined dunng life before autolytic changes ha%c occurred, the time of aspiration can be selected 
to comade with the liver biops) , the identification of cells can be made with relative case and in addi 
tion that matenal for secuoning is obtainable for use in estimating the cellulanty fat content, and 
frequency of certain irregularly distnbutcd cell t)'pcs such as megals^aryocytes ® ® ® In nearly all in 
stances, mvesugations utilmng biopsy material have been based on the technic of sternal aspirauon 
The expcnmcntal worL of Stasney and Higgins*^ was based on fresh autopsy material from rats Since 
these authors prepared drj films in addition to sections of bone marrow, their observations can be 
compared with those of others using similar preparations from patients 

Schultcn^* was of the opinion that there arc marrow changes in all cases of hepatic cirrhosis Although 
Isaacs*^ described both hypocellular and hypcrcellular marrows in 8 patients, the preponderance of re 
ports implies a regular appearance of cellular or hypcrccllular bone marrow dunng life ^ < » *• 47 10 11 si 
Fat Content of Marrow The relative fat content of aspirated marrow in cirrhosis has not been studied 
sufficiently Klima^^ stated that although the cellulanty of the sternal marrow is markedly increased, 
the fit content may be considerable In one patient in whom two simultaneous sternal aspirations were 
done, Pirzolato and Stasney** found relative fat volumes of i and 3 per cent 

Oil Content of Marrow The asTrage myeloid-erythroid volume ChlE volume) that is the average 
relative volume occupied by nucleated cells in aspirated centnfuged sternal marrow in lo patients 
with hepatic arrhosis was found to be 13 per cent by Limarzi et al This was considered about twnce 
the normal value In an addiuonal ease reponed by others** the ME volumes were 5 and 10 per cent 
in matenal from two different sices in the sternum 

MjtUid-rrjthrotd Kattos A number of reports* ® *• ** ** ** include dau concerning the myeloid 

etythroid ratios (ME ratios) which represent the relative frequcnacs of myeloid leukocytes and erythro- 
blasii* in the aspirated specimens of marrow In some eases we have calculated the ratios from the 
authors dau The combmed sutistics from a total of 59 eases yield ME ratios ranging from less than 
1 1 to 6 I The ME ratio was i 1 or less in 14 cases a i to 3 i in 13 eases and over 4 i in a eases 
Benhamou and Nouchi* mentioned a reversal of the ME ratio so that crytbroblasts predominated as 
Was also observed by Liraarai and co-workers ** A similar reversal of the ME rauo indicating relative 
increase of erythropoicsis has been noted in experimental cirrhosis of the liver in rats “ The opinion that 
erythroblastic hyperplasia occurs frequently m patients with hepatic arrhosis is upheld by additional 
observations on biopsy matenal 1 a 4 « n m <7 so m &■ n The presence of erythroblastic hyperplasia 
Is not dependent on bleeding *• 

Differential Distnhutton of Erytbroblasts A few studies have been concerned with the differential dis 
tribuuon of crythroblasts It is difficult to interpret such material because of differences in terminology 
an lack of precise definition of the terms used TiichcndorT s matenal revealed erythroblastic hyperplasia 
crythroblasts m all of his ii patients ** Predominance of basophilic forms was men 
w^^ ^ ^^'^cral authors *• According to Limarzi and co-workers the erythroblastic hyperplasia 
bla' ^ their patients was due almost entirely to increase in the number of basophilic normo- 

hJim*' b being significantly increased only rarely Macronormoblasts were noted by 

with^ acsenbed the marrow in uncomplicated arrhosis as rcscrablmg that of pernicious anemia 

oblasts present but we have found no resemblance between the mar rows of patients with 
in relapse and cirrhosis of the liver Our dcfiniuon of the mcgaloblast has been given 

With c* h ” Specific denials of the presence of mcgaloblasts in the bone marrows of patients 

and V. 1^** made by Klinia,^^ Limam et al ** Rossier ” Benhamou * Loeper 

Gtji^ ^*racls and Wilkinson and Ficssmger, Dupny and Laur 
asinrau^th sported in paticnu with cirrhosis * * ” ** as well 

*'s arc tv«ln induced cirrhosis ** When compheanons such as infection or caranomato- 

f or following laparotomy the myelogram may show Icukopoieuc hyperplasia ** 


loiiowing laparotomy the myelogram may show Icukopoieuc h; 

• Qqj. 

Cithrr n.. i”" “J ttroblijt dcnotci any nucleated red cell regardless of the state 
«‘ncr nucleus ot cytoplasm 


of raatni 
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Lira^i et obwrvcd an average of j ptr cent ncniroph.l myelocytes in the murtoic of lo tu 
tients This represents »n increase, as compared sviih our observations on normal persons "> Eotinopbil 
tes sometimes increased in number even in the absence of eosinophiha in the peripheral 
blood ‘ The maionty of reports do not menoon alterations in the differential distributions of myeloid 
JcuLoqtcs ^ 

LjmftKjtu The earlier studies of postmortem material yielded a fess reports of increases of lympho- 
cytes Hosserer it is unlikely that all the cells designated as small and large lymphocytes could be dif 
fcrentiated from other elements of lymphoid character bccaos- sectioned material ssas used Rosiier” 
detenbed a decrease in the frequency of lymphoid nodules 

PUjtru Ctllj The frequency of plasma cells appears to be quite variable some authors finding none" 
and others noting increases <’ '• « Leitnet^" stated that in cirrhosis of the liver there is an increase 

of plasma cells svhereas the reserse is true of epidemic hepatitis 

Riiictlgm Cilli The esidence for or against reticulum cell hyperplasia is loconclusne The usual 
aspirauon techmc is not sansfactory for determining the reticulum cell content of marrosv as these 
cells tend to be arranged in syncytial raass-s which are difficult to break up to form free cells in the 
aspirated fluid ‘ Even so Rohr" and others" •“ ’• " found increased numbres of rcaculnm cells 
Increased phagocytosis of pigment usually hemosidenn has been noted in many cas-s « »• » « Roht 
remarked that there was no phagocytosis of fat in the renculum cells in patients sviih fatty livers " 
QtnIitMiin Ctmiis m Ltukxjits Among the reported morphologic changes in the leukocytes arc m 
creased anisocytosis of granular elements ’• and vacuolization of monocytes and granulopoietic 
cells " "It has been pointed out that the marrow of cirrhosis ihcrvvs none of the ptenhar disturbances 
of myeloid tissue seen in p-micious anemia but our material as will be shown below rcscals that 
dysplasia of neutrophils superfiaally resembling that seen in pernicious anemia may occur 

MtyiVMrtKjtn There arc few recorded observations on roegakaryocytogenesis in cirrhosis of the 
liver, and the various repotts are conflicting This may be cipected as the methods for estimating mega 
karyocyte content of aspirated marrow now m use arc generally nnsaosfactoty ' " Fiessinger Dupuy 
and Laut’* found no megakaryocytes in the smears of sternal marrow from lo patients but Limarai et al 
reported an inaeased number in all of their lo patients Others' " found normal or increased numbers 
and someames an increase of immarure forms 


Results of the Present Study 

There is no evidence to show vanauons in the bone marrow picture which couJd 
be ascribed to differences in age or sex of adult patients, type, duration or severity 
of the liver lesion, or the type of anemia present, except that crythropoiesis may be 
slightly more active in pauents with microcytic hypochromic anemia 

Fat and Cell Contmt of Marrow and ME Ratios Data concerning the re a tire 
volumes of fat and nucleated cells, as well as the differential distributions an 
ratios in our senes of 15 patients arc presented in table 4 The table also inc u es 
data from our control cases (19 normal individuals) The fat volumes s ovve 
wide range, from i to 8 per cent, and a mean value of i 8 per cent The vo umc^ 
ranged from 3 to z6 5 per cent, with a mean value of 13 9 pc'" 
considered the sternal marrows of patients with hcpanc cirrhosis to a 
as cellular as normal because of the finding of a mean ME vo ume o 13 
Although this value is in close agreement with our findings m 
mal controls also yielded a mean ME volume of approximate y 13 pc 
been shown, however, that the volumetric method reliable for 

of relative fat and cell content of aspirated marrow and 

detecting small vanations * • For these reasons, described by Berman and 
content based on sectioned material, using the meth 

Axelrod ® * 
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The results of this analysis are shown in table 5 There docs not appear to be 
any large difference between the average relative fat or cell content of sternal 
marrow from cirrhotic and normal individuals, but the marrows of normal persons 


Table 4. — Tit ftt velumrs ME vclumts ME ratios anJ Jiffmntial Jistriiutmns ef nacliatid tills in 
sternal mamui »/ Lp normal indiiiduals and is pat lints with cirrhoiis of the lever 
The dita represent percentages In each case the differential distnbution is based on observation 
of a minimum of 1,000 cells The symbol N in the first vertical column indicates the 
average counts on 19 normal persons. 
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of absence of severe anemia Hypocellulantj is an unusual finding in the marrow 
of patients with this disease In all except one case (case 2.5) the marroiv was either 
normal or increased in cellularity, m spite of absence of signs of accelerated 
cry thropoiesis in the peripheral blood The conclusion made by Limam and 
co-authors regarding the common occurrence of hypercellulanty of the sternal 
marrow is substantiated by our findings in sectioned material 
Anal} SIS of patients w ith cirrhosis and of normal indrs iduals as separate groups, 
as we have done above, may mask \ariations within the groups According!}, \vc 
studied our data in an effort to detect possible relationships between the following 
groups of factors fat content of bone marrow and fat content of the liver, ME 
volume and degree of anemia or seventy of the liver lesion, ME ratio and degree 


Table 5 Eitsmsfts ej rdgttvt fat and aU eawtent tn satitns #/ aiftrated stmtal maTr9v *f fatuetj trtih 
ctrrhasts #/ the lirer, and fif nermaJ tndittdnalj 



I % f»t, nmte j 

1 

1 

^ ctUi rtn^e 

1 r^ctUs 
*vcraft 

Normal 


36 

1 

45-70 


DrrbosiJ 


3 » 

i6-Sj 

B 


Table 6 . — Irxid/txts 0/ mamtet vttblow fat and itll content tn fatttntt trtfh cprbfistj tf ttt hnr and tn 

ktraaJ tnJtetdaaJt aj ditermtned hj ttttdj 0/ jtstttnr tj jltnai wtantr 



Noniul 

CirTboib 

Cases 

PfT ctnl 

Casa 

Per real 

les* than 30% fat 

X 

10 

B 

39 

30% or more fat j 

9 

90 


61 

I^ss than 70% cells 


200 


53 

70% or more cells 

■H 

0 

^ 1 

47 


of anemia, seventy of the liver lesion or presence or absence of hemorrhagic phe 

nomcna , 

The observation by Moosnick, Schleicher and Peterson** that cho me * erapy 
caused the fatty marrow and liter m a patient with refractory pernicious 
to revert toward normal suggested a relationship bervveen the fat content o t 
two organs In our cirrhosis matenal there docs not appear to be am quantita 

Low ME rauos were slightly, but not significantly , more 
with severe liver lesions In general, patients who had cxpcncnc 
rhages had lower ME ratios th^he others In one cso- 

and reversed ratio of o 4 i occiW m a , l,^ofalmt MEratio, 

phageal vanccs Hence. Itcccnt blood loss increases the like . but 

which IS expressive of rcativcly increased crythropoiesis,« 

hemorrhagic phenomena are not the sole without history or 

erythropoicsis in cirrhosis, as it was present also in p 
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evidence of bleeding We agree with Fcllinger and Klima that increased crythro- 
poiesis in cirrhosis may be independent of bleeding 

Differential Distribution of Erythroblasts The differential distnbution of crythro- 
blasts in the marrow has been considered to be of diagnostic importance in hepatic 
cirrhosis A review of the literature does not provide a clear picture of the type of 
differenual pattern which may be expected Morrison and Samwick” proposed an 
erythroblast-normoblast ratio which indicates the relationship between the 
number of early erythroblasts to the late erythroblasts (normoblasts) Accord- 
mg to them a high erythroblast-normoblast ratio is indicative of disturbed liver 
function, and is suggestive of liver disease even before the clinical manifestations 
are apparent We were not able to confirm this view as regards cirrhosis of the 
liver The distnbuaons of erythroblasts in patients with cirrhosis were within the 
normal range in our material (table 7) 

Qualitative Changes in Erythroblasts Although no striking changes in the differen- 
tial distnbuaons of erythroblasts occurred, certain qualitative changes of diagnos- 


Tabus -j - — Difftnnllal dtslrthetiont ef erjtbnblasts in sltmtl marrevi ef jp oermal mdtvtduali and is 

petunts tcitb eirrhetis ej iht Jioer 



Nomu. 

Ctnbosls 

Range 

Av 

Range 1 

At 

Ptonoimobliits 

I- 5 % 

3% 

1- 4% 

1.% 

Bisophllic aormobltsu 

6-16% 

10% 

5 - 17 % 

5 % 

Polychtomitophilic normoblasts j 

80-91% 

86% 

76-^% 

87% 

Orthochrotnatophilic normoblasts 

0- 4% 

1% 

1-13% 

^% 


tic Significance were found One paaent with microcyuc hypochromic anemia 
(case x) exhibited a micronormoblasuc marrow The majonty of the erythroblasts 
were small, and in the polychromatophilic stages the nuclei were generally pyk- 
notic The cytoplasm was poorly hemoglobimzcd and the cell contours were 
tagged This is the type of erythroblasts we expect to find in instances of chronic 
iron deficiency anemia, as has also been stated by Scott In the remaining Z4 
patients, there were 11 (46 per cent) without evidence of qualitative change in the 
normoblasts, and 13 (54 per cent) with definite abnormahties 
The changes included increase of the diameters of normoblasts in all develop- 
mental stages, increase of nuclear diameters, and a disturbance of the nuclear- 
C) toplasmic ratios The mean diameter of the large normoblasts was increased but 
the nuclear pattern, in most cases, was essentially that of normoblasts The nuclear- 
cytoplasmic rauo was altered in favor of a relative increase of cytoplasm The 
increase of cytoplasm was not as marked as seen in mcgaloblasts, and the large 
cells arc of the type designated as macronormoblasts “ In a few patients, the nuclear 
structure in the early basophilic stages resembled that of renculum cells The 
rcacular charactcnstics of the nuclei of these macronormoblasts persist throughout 
all stages of development Without careful inspccaon it is easy to confuse such 
cells with mcgaloblasts of pernicious anemia, cspcaally m the proerythroblast 
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Stages The differences between such abnormal large cells and megaloblasts of 
^micious anemia have been emphasized by Jones« and Downey « The frequenev 
distributions and mean diameters of the polychromatophilic normoblasts in 
patienm with arrhosis and macronormoblasuc marrows differ significantly from 
normal (fig i) o / 

Theoretically, patients with cirrhosis of the liver might be expected to have 
megaloblastic marrow because of impaired storage of the antipermaous anemia 
prinaple, but no examples of such a change in erythropoicsis were seen in our 
senes of 13 patients Others have also stated that in the presence of cirrhosis of the 
liver the marrow is macronormoblastic in type Furthermore, the macrocytic 
anemias of cirrhosis of the liver do not respond to fohe acid therapy in the manner 
of the macrocytic-megaloblastic anemias of the pernicious type 



Fio I — Typical frequency ditcribanon conn of diameters of poljxhroniatofiJuiJC aythroWam in 
•temal marrow rmears from patients with chronic iron dcfiaency anemia curhoiis of the liter with 
macrocytic anemia, and a normal individnal The mean diameters are 8 6 ir i, and lao microns, le 
specovely 


We noted corrclanon between the presence of maaocytosis m the blood and 
macronormoblastic erythropoicsis m the marrow Twelve of 13 paaents (91- pet 
cent) with macrocytic anemia had macronormoblasuc marrow, whereas 5 0 ii 
pauents (ll per cent) with normoblasuc marrow bad notmocytosis m the pen 
phcral blood, the others having only slight macrocytosis The chmgc to 
cytosis in the blood onginatcs in dysplasia m the bone marrow, and is not re at 
to factors acung on the red cells after they have entered the circulation 
Granulocytts and Monxytes The diffcrcnual distnbuuons of the gran opo 
and monocytic cells showed remarkable constancy (table 4) Except 1^ 

(cases iz and 17), there were no significant devianons from norma 

had an elevated percentage of neutrophil promyelocytK (zi . 

dividual had neutrophilic leukocytosis and evidence 

the time of the marrow aspirauon In the second puen^e marked 

.o»pn.cd ». of d.0 ny.lo.i ^ ‘^L 

neutrophilic leukocytosis, fever, and residual dramage fo ® 

elevenLys previously,for empyema thoracis TTmiocreascsmpromyclocyt 




BERMAN ET AL 


5^3 


compatible with the reactive change in myeloid leukopoiesis seen in some infec- 
tions Infection, as also observed by others,*® ** may provoke reactive changes in 
leukopoiesis in patients with cirrhosis, but the differential distributions of myeloid 
leukocytes appear approximately normal in most cases, regardless of the presence 
of complications such as jaundice, fever, ascites or bleeding, all of which were 
present to varying extents among our patients Others have pointed out the con- 
stancy of the marrow pattern in cirrhosis Fiessinger, Dupuy and Laur” remarked 
that the myelogram was the same regardless of the appearance of icterus, oliguria, 
purpura, or the agonal state 

Lymphocytes In spite of the fairly regular appearance of lymphopenia in the pc- 
npheral blood, the marrows contained notmal incidences of lymphocytes, except 
m one patient with 45 per cent lymphocytes (case ai) who had chronic lymphatic 
leukemia in addition to cirrhosis of the liver 
Llasma Cells The frequency of plasma cells is a point of special interest because of 
conflictmg views in vanous reports In our control material plasma cells compnse 
up to 1 per cent of the nucleated cells, exclusive of erythroblasts A percentage of 
4pcrcent or more represents a significant increase Six, or30percent, of our patients 
had 4 per cent or more plasma cells in the sternal marrow smears We are loth to 
accept Leitner s view that the plasma cell content of marrow may be of importance 
in the differential diagnosis of cirrhosis and epidemic hepatitis 
Reticulum Cells We do not regard the percentages of reticulum cells in smears of 
aspirated marrow as reliable indices of the reticulum cell content ofstemal marrow 
Such cells are best observed m impnnts of marrow particles (Schleicher’®), as they 
tend to remain fixed in the marrow tissue There was no regular increase or decrease 
in the incidence of reticulum cells in our material, as observed either in the smears 
made from the first drop of aspirated marrow or from the concentrates of marrow, 
or from the imprints of marrow particles 
Quahtattve Changes tn Leukocytes and Kettculum Cells We were not able to confirm 
the previously reported prominence of vacuohzation of granulocytes and mono- 
cytes in the marrows of patients with hepatic cirrhosis, such changes were of ir- 
regular appearance and never very marked A few marrows revealed morphologic 
abnormalities of granulopoiesis These included the appearance of giant band form 
neutrophils and giant polymorphonuclear neutrophils with hypersegmented 
nuclei Such cells have a superficial resemblance to the large cells seen in pcmiaous 
anemia However, there is no marked change in the type of granulation, nor is the 
chromatin pattern of the nuclei as fine as seen in the typical dysplastic cells asso- 
ciated with megaloblastic marrows The significance of such changes is obscure 
c have observed them occasionally in cases of iron deficiency anemia, in non- 
mcgaloblastic nutritional macrocyuc anemias not responsive to liver extract 
crapj, leukemias, and carcinomatosis The peculiar giant neutrophils were seen 
cee cases in our senes (cases 11, 14, 2.4), and they were not numerous We have 
mentioned them only because of their possible confusion with the characteristic 
macropol>c)tes, (Cooke”) or permcicms.-anemia neutrophils Qones^’) of 
megaloblastic anemias 

n the few cases in which reticulum cells were rclativcl) numerous (over 4 per 
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cent) the ceils were of histiocytic rather than hematopoietic t)’pc The nuclei were 
those of undifferentiated reticulum cells, and the cytoplasm was faintly acidoph 
ilic, abundant, and non-homogeneous, usually with some vacuolization and 
azurophil granulation, and often containing phagocytosed debns We found no 
evidence of fat or lipoid storage, but in 4 cases in which the liter contained rcla 
tively large amounts of iron-containing pigment, and cspcciall) in one case of pig 
mentary arrhosis (case 16), the free reticulum cells contained large amounts of 
iron-containing pigment The presence of macrophages with phagoc)toscd hemo- 
siderin would therefore appear to imply that the liver also contains pigment m 
relatively large amounts 

Me^akaiy<x^t(s We have experienced difficulty in estimating the mcgaLat) oc) te 
content of aspirated marrow The inadequac} of methods in use at present have 
been noted by various authors ' ** In our hands, the estimation of megakaryo- 

cytes based on their number in smears, as advocated by Limarzi et al “ has not 
}ielded consistent results Krumbhaar and Custer** have shown that rcliablecs 
timates can be based on enumeration of these cells in sectioned material This is 
in accord with our expcnencc We have described our procedure for estimating 


Tablb 8 — counts tn ntnasl tnitvtiudls anJ la fatatas w$th cirri4sts #/ tht Ihtr 



No of emses 


1 Mcm i: S. E 

Normilt 

10 1 

14-60 j 

1 35 7 ± 4 S 

Orrhoos 

18 j 

13-S4 j 

43 4 ± 5 ® 


• Suodird error of mcjia 


megakaryocyte content in sectioned particles of aspirated marrow above, under 
the heading. Cases and Methods The results in our senes of patients are shown 
in table 8 

In the cirrhosis scries, the megakaryocj te counts were slightly higher, on the 
average, than in the control senes, but the difference was not statistically sig 
mficant The values obtained in cirrhosis were within normal limits orhigher t an 
normal The point of chief interest is that, in spite of the common occurrence 0^ 

penpheral thrombocytopenia, the megakaryocyte content of the marrow 

or elevated in patients with cirrhosis of the liver In this respect t^ n ings a 

similar to those observed in instances of thrombocytopenia assoaat wt 

splctusm There were no important morphologic changes m the mega ar)OC) 
nor changes in their differential distributions 


Dtstasston of the Bone Marrow Findinit 

The evidence from the literature and the information ^ ^ ^ ^ 

study of the marrow m patients with arrhosis of the liver maj be summarized 

of ,d or foocaoomg bo« »» 

is of tegular occurrence in adults with arrhosis significantly 

1 The average rclauvc fat content of the sternal marrow 6 
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different from that of normal persons, but instances of high relative fat content are 
less likely to occur in patients with cirrhosis than is the case for normal individuals 

3 The cellulanty of the bone marrow in both the normal sites of hematopoiesis 
and in the sites representing extension of active marrow is normal or increased in 
most instances 

4 Although hemorrhage tends to provoke marked relative increase of erythro- 
poiesis, erythroblastic hyperplasia may be independent of bleeding in cirrhosis of 
the liver 

5 The differential distribution of erythroblasts of patients with cirrhosis is 
not significantly changed, but there is a high degree of correlation between macro- 
cytosis in the peripheral blood and the appearance of macronormoblastic erythro- 
poiesis in the bone marrow Megaloblastic erythropoiesis is rare, if present at 
all, in patients with hepatic cirrhosis uncomplicated by pernicious anemia 

6 There are no significant changes in differential distributions of cells of the 
granulocytic, monocytic or lymphocytic senes, but infection may result in a rela- 
tive increase of immature granulocytes, especially promyelocytes In occasional 
patients there is a disturbance of granulopoiesis indicated by the appearance of 
atypical giant neutrophils which are not identical with the characteristic macro- 
polycytes or pemicious-ancmia neutrophils associated with megaloblastic mar- 
rows 

7 There arc no constant quantitative changes in plasma cells or reticulum cells, 
although the finding of numerous reticulum cells containing hemosidenn implies 
hemosiderosis of the liver in patients with cirrhosis 

8 Megakaryocytes are of normal or increased infrequency in the sternal mar- 
rows of patients with hepatic cirrhosis, but no qualitative changes of importance 
occur 

It IS clear that in patients with hepatic cirrhosis the marrow is of normal or 
increased cellulanty, and that hypocellular marrows are unusual in spite of periph- 
eral anemia which is often characterized by lack of signs of accelerated regenera- 
tion of red cells Even in cases in which the sternal marrow is of normal cellulanty, 
the fat in the shafts of the long bones is replaced by hematopoietically active tis- 
sue With respect to cellulanty, the most important change is extension of the 
marrow organ, since this appears to be more constant than hyperplasia at a given 
site, such as the sternum In other words, the total active marrow in the body is 
increased in amount in cirrhosis of the liver 

The fact that normal or relatively increased erythropoiesis is the rule, not only 
in marrow which is normally cellular, but in marrow which is usually fatty, is of 
interest because it occurs in spite of careful exclusion of blood loss It has been sug- 
gested that the explanation may be that the patients with cirrhosis suffer a partial 
dcficienc) of the antipcmicious anemia principle due to deficiencj of storage or 
metabolism in the diseased Iner, but the considerations which refute this hypoth- 
esis as an explanation for the peripheral macrocytosis apply to the problem of 
the marrow changes 

Since it has been shown that patients with cirrhosis of the lixer may excrete 
abnormally large quantities of urobilinogen,' we are inclined to believe that 
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the factor of excessive destruction of erjthrocvtes ina> play a role The erj-thro- 
blastic hjpcrplasia and the appearance of macro- and reticulonormoblasts in the 
maTOw can be accounted for on the basis of hemolytic anemia, m which condition 
such t) pcs of cry throblasts arc known to appear » « The evaluation of the relative 
importance of hemolysis in the pathogenesis of the anemia is a problem worth) 
of further stud) 

The mechanism of hemolysis, if and when it occurs, must be regarded in the 
light of the concept of h)’pcrsplcnism " '• There are a number of peripheral 
blood and marrow changes which arc suggesuve of hypcrsplenism The pcnpheral 
C)topcnias (anemia and thrombocytopenia) occur in relation to normal or in 
creased formation of cr) throblasts and megakaryocytes in the marrow These 
paradoMC phenomena arc t)pical of hypcrsplenism which, in the case of cirrhosis, 
should be considered as manifestations of secondary hypersplenism The t\ci! 
known involvement of the spleen in patients tenth hepatic cirrhosis is additional 
evidence in favor of this view 


Diaiiioitic Significance of He natelogic Studies in Cirrhosis of the Liver 

Our hematologic studies, while controlled b) observations on normal penons, 
have not been extended to other diseases which may be charactcrircd b) findings 
similar to those we have presented Therefore we cannot consider any of the 
changes in blood and marrow we have desaibed as pathognomonic of cirrhosis, 
even though they appear to be charactenstic of the disease This was emphasiaed 
by Tischendorf*^ who studied a group of patients with cirrhosis of the liter and 
other diseases of the liver, gall bladder and biliary tract He felt that the sternal 
myelogram was not of value in the differential diagnosis of liver and gall bladder 
diseases, as some of the findings in these conditions are similar On the other hand, 
It is not justifiable to consider complete blood and bone marrow studies as value 
less and without diagnostic importance in cirrhosis of the liver 
For example, in patients known to have the disease, the appearance of micro- 
cytic hypochromic anemia or micronormoblastic marrow is indicatnc of chronic 
blood loss The presence of hypocellular marrow in panents with micrx)tic 
anemia suspected of having cirrhosis is unusual, and should point to ot er or 
additional factors in the clinical picture Furthermore, although normoc} tie or 
macroc)tic anemias are compatible with the diagnosis of arrhosis, raaCTOCjtic 
h)fpochromic anemia, as determined by the mean corpuscular volume an me^^ 
corpuscular hemoglobin values, is not typical and should lead to un er stu ) 
the patient The marrow examination may be of crucial importance 
tinguishing between pernicious or other megaloblastic anemias an ' ' 
cytic anemia of cirrhosis, as the peripheral blood stud) does not provi 
of the type of erythropoicsis in the marrow “ , , 

Some patients with cirrhosis of the liver do not prerent ^ 

peripheral blood and sternal bone marrow ma) 1 * tosis or macro- 

considcrauon of cirrhosis of the hver The com loa thrombocvtopcnia, 

cytic anemia without hypochromasia. plus Ijmphopen.a and thromboc) r 
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together with the presence of normal or increased marrow cellularity, and normal 
or increased erythrocy togenesis and megakaryocy togenesis, constitutes a group of 
hematological findings which point strongly to cirrhosis of the liter Furthermore, 
when anemia is absent and the other findings are present the probability of cir- 
rhosis IS even greater An example of the latter type of case is given in the fol- 
lowing brief case report 

Cast 2$ A 53 ) car old female \Ms admitted for r:p»ir of a Urg abdominal incisional hernia S/stemic 
resiess was noncontributory There was no history of alcoholism App-tite and food intake were adc 
quate The preop-ratise blood protein and prothrombin lesels ssTre ssithin normal limits B-cause the 
liver and spleen were palpable the patient was referred for hematological sursey S-rum bilirubin and 
unnary urobilinogen concentrations were normal The bromsulphthalem test gave normal results There 
was no anemia and the erythrocytes ssere normocytic and normochromic but lymphop-nia C930 P^t 
cubic millimeter) and thrombocytopenia (57 000 p r cubic millimeter) were present The sternal marrosv 
was hypercellular with a relative increase of erythrocy togenesis and a normal megakaryocyte count 
The hematologic findings indicated a diagnosis of cirrhosis of the liver A biopsy specimen obtained 
from the liver at the time of repair of the hernia revealed grade i cirrhosis 

Wc have found the combined blood and sternal marrow study useful in establish- 
ing the diagnosis of cirrhosis of the liver in patients in whom other diseases have 
obscured its manifestations, or in whom historical evidence was absent so that 
the clinical diagnosis was difficult to make 

Summary 

The peripheral blood and bone marrow findings in patients with cirrhosis of 
the liver have been analyzed on the basis of a review of the literature and the 
authors study of 2.5 patients with diagnoses verified by biopsy of the liver 
The principal blood findings arc macrocytic or normocytic anemia with normal 
or elevated mean corpuscular hemoglobin values, lymphopenia and thrombocyto- 
penia in the majority of cases 

Anemia may be independent of bleeding, and the seventy of anemia or macro- 
cytosis docs not appear to be related to the seventy of the liver lesion 
The consistent change in the bone marrow is extension of the marrow organ so 
that active hematopoiesis is found in the shafts of the long bones 
Regardless of the presence or absence of bleeding or anemia, the marrow of the 
sternum is of normal or increased cellularity, with normal or increased cry throcyto- 
gencsis and megakary ocytogcncsis in most cases 
HyTiocclluIanty of the marrow is an unusual finding, even in patients with ad- 
'anced liver lesions 

Macronormoblastic crythropoicsis is seen in patients with macrocytic anemia, 
hut megaloblastic cry thropoicsis docs not result from cirrhosis of the liver 
The presence of peripheral cytopcnias (anemia and thrombocytopenia) in spite 
of normal or increased formation of cry throblasts and megakaryocytes in the mar- 
row IS suggestive of hypersplcnism in patients with hepatic cirrhosis 
In patients with chronic hemorrhage the blood and bone marrow pictures arc 
rnosc of iron deficiency anemn, although other changes such as lymphopenia and 
rhromboev topcnia tend to persist 
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The combined penphcTRl Wood and sternal marrow ocaminanon ,s often of value 
in establishing the diagnosis of cirrhosis of the liver 

Appendix 
Cast Rtperts 

Cast I White male age 6i wth hiitotv of diabetea asatci mo yats EMrainanon hcpitojplcno- 
meg% aiaro edema of antics no hemorrhagic phenomena RBC x.75o,ooo Hb 73 grams MCV 
91 MCH 18 WBC 5 500 platelets 144 000 amical impression hepanc atrhosit, dubetes mellims. 
Jjw biopsy arrbosis grade 3 

Ctsti \\'hitcmalcagC55»ithhistot) of alcoholism asates three sreelcs Esamination hepatomcgalj- 
ascites spider angiomata loss of axillary and pubic hair no hemorrhagic phenomena RBC } 710,0x3, 
Hb 9 } grams, MC\' 97 MCH 15 WBC 5 joo platelets 90.000 Chnical impression hepatic airhosis.’ 
laser biopsy arrbosis grade 4 

Cwf 7 White male age 45 mth histoiy of alcoholism asates three sreets Examination hepato- 
megalj, asates edema of antics icterus spider angiomata, no hemorrhagic phenomena RBC} 560,000 
Hb II ograms,MCV 96 MCHji WBC n 000, platelets 150,000 Qimcal impression hcpaocarrhosii. 
Liver biopsy orrhosis grade 4 

Ctte 4 White female age 48 ssith history of alcoholism asates and edema of antics nro sveets 
Earataittoa frcparo^lenomega/y asates edema of losvcr extremities icterus spider angiomata no 
hcmorthagic phenomena RBC 3 760^x0 Hb to 9 grams MCV 90 MCH 19, B'BC 11,500 platelets 
IDO 000, Clinical impression hepauc atrhosis Liver biopsy cuthtmi grade 4 

Call j Negro female age )i hospitalized for meniogins from which uneventful lecovcry was made 
No history of alcoholism Examination hepatosplenomegaly RBCi,97o.ooo Hb io.igrams MCt'iii, 
MCH 34, WBC 6 650, platelets 110 000 Qinical impression probable hepauc oirhosis hot bbod djt- 
crasia to be ruled oot Liver biopsy cirrhosis grade i. 

Cmu i WTiite maleage5iwith history of alcoholism icterus asates edema of antics two wteti 
Examiniuon hepatomegaly asates edema of antics ictcrns no hemorrhagic phenomena RBC 
3,070 cxio, Hb 10 7 grams, MC\' 130 MCH 35 WBC 6 51*3 platelets 77^300 Omical irofatssion acute 
hcpatias supenmposed on hepanc arrfaosis Liver biopsy arrhosis grad* 3 

Caic 7 White male age 59 with history of alcoholism asates and edema of lower eztztwma thire 
weeks Examination hepatomegaly asates edema of legs spider angiomata mclena RBC 3 840.000 
Hb 11 }grams MCV 101 MCHl} WBC8 500 platclcu 108 000 Qinical usprasioo hcpsocorrhoiii 
laser biopsy cirrhosis, grade 3 

CmuS White female age 31 with histot) of alcoholism hcmaicmesis Exanuaauoc hcpitomeply no 
hemorrhagic phenomena RBC 3 790 000 Hb ii_8 grams MC\' 103 MCH 34 WBC 7 650 plateJns 
100 000 Gimcal impression hepanc cirrhosis Liver biopsy cirrhosis grad- 1 

One j White male age 5a with history of alcoholism asates one )-ear Examinitioo 
mcgal) asates no hemorrhagic phenomena RBC 3700000 Hb ii 5 grams MO' 97 3 ° 

3,350 platelets lit 000 Clinical impression hepiuc arrhosis Liver biops) arrbosis ‘ ^ 

Carr ra White male age 38 with history of alcoholism lacrus and svaghi loss ^ 

non hepatosplenomegaly asates icterus melena RBC } 580 coo Hb 9 9 grami ^ s gm, 

WBC 4 930 platelets 150 000 Oimcal impression hepatic arrhosis bleeding h-raorrhoi > 

arrhosis grade i 1, 1 f weeLs Examiai 

Carr rr White male age 59 with history of alcoholism lacrus and wagbt _S W BC 

non hepatosplenomegaly icterus melena RBC 4 1004300 Hh ” ^ terminal 

10450 ^atelcts 130.000 aioical impression acute hepantis sopenmposnl 00 ncpi 

uremia Lisxr biopsy atrhosis grade 1. ,,,11, fnor weeks Ex 

C.«ri White female age 31 with history of alcoholism -hatoroena RBC 

aminMaoa hcpaiomcgily asciia icterus spider logionut* cvct no rjinjcjl 

1,590.000 Hb 8 7 MCV 135 MCH 15 WBC z. 31 ° 

hepanc arrhosis chrome cholecy snns Liver biopsy arrhosis ^ thttt weeks Exanmunon 

Carr 13 Negro male age 49 with history of alcoholism syphilis, 
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hepatomegaly slight iccrtus, no hemorrhagic phenomena RBC 4,930,000 Hb 15 4 grams, MCV 105 
MCH 31, WBC 7,5^0, platelets iSo 000 Clinical impression hepatic cirrhosis, hepatoma, or hepar 
lobatum lavcr biopsy arrhosis, grade 4, hepatoma 

Cast 14 White male age 38 \Mth history of alcoholism, weakness, nausea, \omiting icterus, ascites 
two months Examinaaon hepatosplcnomegaly asates, edema of feet icterus spider angiomata, 
rnflena. RBC 2^450,000 Hb 8 o grams MCD 7 5 microns MCH 33 WBC 13 300 platelets 42^000 
Climcal impression hepatic cirrhosis Li\*cr biopsy arrhosis grade 1 Autopsy cirrhosis, grade i, 
acute sapporanve pancreatitis 

Cast IS White male age 43 intermittent cpistaxis, icterus waght Joss five years Examinauon 
hepatosplcnomegaly, ascites, icterus, melcna RBC 3,870,000, Hb 8 4 grams MCV tx, MCH li, WBC 
4,850, platelets 94,000 Clinical impression biliary arrhosis Liver biopsy cirrhosis grade 3 

Cast 16 White male age 57 with diagnosis of cirrhosis of the liver and diabetes mellitus four years 
before present admission Examination hepatomegaly pigmcntationofskin,nohcmoiThagicphenomcna 
RBC3,8 io 000, Hb il.8 grams MCV 100, MCH 34, WBC 10 300, platelets 160 000 Climcal impression 
hemochromatosis Skm biops) hemochromatosis Laver biopsy pigmentary arrhosis grade 4 

Cast rj White male age 61 with history of alcoholism diabetes mellitus seven years cough, weight 
loss one year Exammaaon hepatomegaly spider angiomata, fever empyema thoracis, no hemorrhagic 
phenomena, RBC 4 330 000, Hb 13 3 grams, MCV 95 MCH31 WBC 14 300, platelets 143,000 Qinical 


impression hepanc arrhosis empyema thoracis diabetes mcJliras Liver biopsy arrhosis grade x. 

Cast li White male age 46 mentally incompetent since infancy, anorexia, \omiang icterus one 
ViTck Examinaaon hepatomegaly, abdominal distension, icterus no hemorrhagic phenomena RBC 
4010000 Hb ix-o grams, MCV 100 MCH 30, WBC 10,800, platelets 311,600 Climcal impression 
mfauous hepauns Liver biopsy arrhosis grade i 

Casti^ Whitcmalcagc59 with history of alcohohsm,hcmaccmcsis,mcJena two weeks Examination 
hepatomegaly, asates edema of ankles, loss of pubic hair melcna RBC 3 610 000 Hb 9 9 grams, 
MCV 94 MCH 17, WBC 8 000, platelets 100 000 ClmicaJ impression hcpaac cirrhosis Liver biopsy 
cirrhosis, grade 4 

Cast It White male age 68 with history of alcoholism, progressive wight loss asates of unknown 
duration Examinaaon asates, no hepatosplcnomegaly, no hemorrhagic phenomena, RBC 4 730 000 
Hb ix,o grams MCV 97 MCH 13 , WBC ix,o5o, platelets x88 000 Qmical impression hepauc cirrho- 
sis Liver biopsy cirrhosis, grade 3 

Cast 21 Negro male age 43 with history of alcoholism weight loss pen umbilical pain, nausea, 
tlifcc weeks Examinaaon hepatosplcnomegaly slight asates icterus no hemorrhagic phenomena 
3,660 000, Hb 10 4 grams MCD 7 6 microns MCH X9 WBC 13,950, platelets 400 000 Climcal 
mprcssion hepaac arrhosis Liver biopsy arrhosis, grade x. 

Cast 22 White female age 65 known to have had hypertension many years, progressive dyspnea and 
dependent edema of unknown darauon Examinaaon hepatosplcnomegaly hypertensive retinopathy 
left Tcntnadar enlargement, left pleural effusion no lymph node enlargement, no hemorrhagic phe- 
nomena RBC 3,000,000 Hb 14 7 grams MCV 94 MCH 19, WBC 47,100 platelets xoi,ooo Climcal 


impression hypertensive cardiovascular disease with dccompcnsaaon chronic lymphaac leukemia 
biopsy cirrhosis, grade x chrome lymphaac leukemia 
^st 2} White male age 71 wth history of hematemesis asates three years Examinaaon hepato- 
'plcnomcgaly esophageal vanecs, asates RBC 2^730 000, Hb 7 o grams, MC^'” 89 MCH 13 WBC 
3 Soo platelets i3x,ooo Climcal impression hcpaac arrhosis Liver biopsy cirrhosis grade x. 

24 White male age 38 with history of alcoholism progressive asates edema weakness six 
Examinaaon hepatomegaly asates spider aogiomau no hemorrhagic phenomena coarse tremor 
f baud RBC 4 610 000 Hb ii 6 grams, MCV 91, MCH X3 WBC 3 900, platelets 193 000 Qimcal 
miprcsiion hepatic arrhosis Parkiosomsm Li\'cr biopsy arrhosis grade x. 

female age 33 wth history of divcracolias followed by pTitoncal abscesses, colostomy, 
colostomy repair two )'cars before present admission Readmit^ for repair of large incisional 
onunal hernia Examinaaon hepatosplcnomegaly large abdominal herma no hemorrhagic phe 
^ mcna RBC 4 330 000 Hb jx,3 grams MC\^ 88 MCH x8 WBC 3 xoo platelets 57 000 Qimcal 
mprcssion inanonal hernia mild diabetes mellitus possible hcpaac arrhosis or blood dyscrasia. 
biopsy arrhosis grade x. 
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AN EVALUATION OF STERNAL ASPIRATION AS AN AID IN DIAGNOSIS 
OF THE MALIGNANT LYMPHOMATA 

By Talbert Cooper, MD, and Charles H Watkins, M D 

T he DIAGNOSIS of malignant ])mphoma can be definitely established only 
bj histologic examination of the tissue involved In the majority of instances 
palpabl} enlarged superficial lymph nodes are present and propcrl) performed 
biopsy provides the correct diagnosis in a direct and relatively simple manner 
However, in a significant number of cases of Hodgkin s disease, ly'mphosarcoma 
and follicular lymphoma the primary site of involvement is thoracic, abdominal or 
some othertvise inaccessible location for simple biopsy 
Symmers' has stated that in Hodgkin s disease pnmary enlargement of abdominal 
or of abdominal and thoracic nodes combined is ten times more common than pri- 
mary' enlargement of the cervical nodes Ewing’ supported this \ lew, emphasizing 
that the superficial nodes which first attract attention may be only the outlying 
manifestations of an internal lesion Jackson and Parker’ found ihe superficial 
nodes primarily involved in all of i 6 cases of Hodgkin s paragranuloma, but in 
only 8 of 59 cases of Hodgkin s granuloma, and in none of 17 cases of Hodgkin s 
sarcoma Sugarbaker and Craver* regarded the primary site of involvement as ex 
tranodal in approximately one third of 196 cases of lymphosarcoma In 14 1 per 
cent of cases in which lymph nodes were involved pnmarily, the site of origin was 
abdominal or mediastinal These observations contrast clearly with the common 
impression that superficial lymph nodes, particularly those of the cervical area, 
constitute the usual site of pnmary involvement in these conditions 
Biopsy of superficial nodes, then, may be of no value in establishing a diagnosis 
in some cases and of value only after the disease process is well advanced in others 
This study was undertaken in an attempt to evaluate the clinical usefulness of 
aspiration of sternal bone marrow as a method for obtaining material of diagnostic 
significance in cases of malignant ly mphoma 


Reviesv of the Literatube 

Bant er bant mamw tnvolvemsnt tn casts af malignant lympbama 

Hodgkin s disease The dominant histologic change in Hodgkin s disease in\olv« 
he reticular cells of the reticulo-endothelial system The lymphatic 
ot take an active part in the hyperplasia in most cases and often are immis c 
1 number ^ It might reasonably be expected that an organ rich in retim 
helial assue as is the bone marrow would be commonly ^ lesions 

Steiner, ' 10 his comprehensive review of the subject, suggest t a 
ught develop in one of three ways (i) by direct invasion r 
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lymphogranulomatous masses, (i) b) hematogenous spread or (3) by primary ori- 
gin in the marrow 

Krumbhaar’ reported a case of Hodgkin s disease of the bone marrow and spleen 
without apparent involvement of lymph nodes Herscher® and Livingston' ob- 
served cases in which, at autopsy, the process appeared to be confined to the bones 
and liver 

The reported incidence of bone or bone marrow involvement in Hodgkin s dis- 
ease IS highly vanable, particularly m studies based on clinical evidence alone 
In summanzing the reported scries in which the diagnosis of bone or bone marrow 
involvement was based on clinical grounds, Steiner® determined an average inci- 
dence of 8 3 per cent (166 of a, 006 cases) Lesions of bone most frequently involving 
the spinal column and pelvis, were noted during life in 13 per cent of Jackson and 
Parker s’ 133 cases of Hodgkin s granuloma Similar lesions were detected in 14 8 
per cent of 157 cases of Hodgkin s disease reported by Vieta and co-workers 
The latter authors called attention to cases of extensive marrow involvement dis- 
covered at postmortem examination in which the same bones had appeared normal 
on previous roentgenologic examination The degree of cortical involvement ap- 
pears to determine to a considerable extent the roentgcnographic appearance of 
bone, and extensive medullary lesions may not be detected by this method 

According to Ewing,” bone marrow lesions, both typical and atypical, form a 
prominent feature in many cases of Hodgkin s disease, at times they may dominate 
the chnical course and it is rare that a thorough search at autopsy fails to disclose 
some deposits in the bone marrow Steiner* noted an average incidence of 2.8 3 
per cent of bony lesions in 547 reported autopsies but observed that the incidence 
reported from any senes apparently depended on the thoroughness of the skeletal 
examination He studied microscopic sections taken at random from 3 to g easily 
accessible bones in 14 cases of Hodgkin s disease and found marrow lesions in 78 6 
per cent of cases The vertebrae, pelvis, ribs, femur, sternum, skull and humerus 
Were most commonly involved Sixty-thrce and seven-tenths per cent of sternal 
sections contained lymphogranulomatous lesions Steiner* further observed that 
rhere was no basis for the impression that skeletal lesions occur only as a late 
Manifestation of Hodgkin s disease 

Lymphosarcoma By original definition,” lymphosarcoma lacks the systemic char- 
acter of Hodgkin s disease and leukemia Arising as an apparently local change in 
lyinphadenoid tissue, it seems to extend by local invasion, by continuous growth 
through lymph channels and by the formation of true metastatic lesions in distant 
organs 

L)’mph vessels have not been demonstrated in bone marrow but small accumula- 
tions of lymphatic tissue along the small arteries have been described by most 
tnvestigators ” Lymphosarcoma might, then, arise in the bone marrow but this 
structure would seem no more likely' to become sccondanly involved than would 
*ti) other organ 

Sugarbakcr and Graver* noted clinical evidence of bony involvement in g 7 per 
Cases of lymphosarcoma In 1 per cent, the process appeared to arise 
one marrow Victa and co-workers’* found roentgenologic evidence of bony 
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involvement in 7 per cent of 113 cases, while on postmortem examination lesions 
were noted in zg per cent of 54 cases The authors regarded the latter figure as 
probabl) too low since the cxaminauons at necropsy were limited to easily acces 
siblc bones and the skeletal examination was sometimes omitted entirely Lesions 
of bone in this scries were most often a late manifestation of the disease Such lesions 
appeared in only iz per cent of eases dunng the first half of the course of the illness 
while in 63 percent the bony involvement appeared to develop during the terminal 
one third of the illness By contrast, in cases of Hodgkin s disease observed b) the 
same authors, 37 per cent of the bony lesions were climcally evident before the first 
half of the course of the disease had elapsed It was further observed that while the 
bony lesions in lymphosarcoma were, as in Hodgkin s disease, most common in 
the bones rich in red marrow there was a tendency for a more generalized distnbu 
non of lymphosarcomatous lesions to occur 

The less detailed observations of other authors” '*~'*would indicate that bone 
matrow involvement in lymphosarcoma occurs infrequently and then as a manifcs 
tauon of a late, generalized stage of the disease 

Follicular lymphoma Sugarbakcr and Craver^ have regarded follicular lymphoma 
as a setung for IjTnphosarcoma since later biopsies in several of their eases have 
shown the development of typical reticulum cell lymphosarcoma Whatever the 
exact relanonship between the two processes may be, it appears to be an mtimate 
one 

Gall and co-workers” noted bony lesions (chmcally evident) in 6 of a senes of 
63 eases of the follicular type of malignant lymphoma 


Reported clinical expenence with sternal aspiration in cases of malignant lymphoma 

Hodgkin s disease Y oung and Osgood’* found that study of speamens of aspirated 
sternal marrow was of no diagnostic value in z eases of Hodgkm s disease 
Vogel and co-workers’* observed a slight left shift and, m a few cases, an in- 
crease in eosinophils and reticulum cells It was noted that 3 0 / the 5 pitiencs 
studied had received intensive irradiauon therapy during the year preceding the 
examinauon of the sternal marrow fenile-Wcil and Perlis’- obtained negative or 
inconclusive results in most cases In 10 of Z5 instances, medullary hyperp asia 
was noted A slight increase in polymorphonuclear neutrophils, eannop'** 
plasma cells and monocytes was commonly observed Although ^ ^ 

cells were noted the authors suggested that the differcntiauon of sue cc s ro 
megakaryocytes would be difficult Paraf and 

whichastemaltumorwaspresent Stcmalaspiranonsatthreesi y 11, 

suggesting only crythromyeloid aplasia with lymphocytes no 
doEant Aft« study of the findings in 14 cases 
the sternal marrow m this group m some instances shot^ 
myeloid reaction difficult to distinguish from the the 

myelogenous leukemia In only i case was the revealed 

basis for the diagnosis of Hodgkin s disease, a trephine spea 

fibrosis was obtained in this case findings, while 

Scott” examined speamens in 8 cases and concluded that me nn ^ 
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dependent on the stage of the disease, were vanablc and nonspecific In none were 
Recd-Stemberg cells found In 3 there were varying degrees of myeloid left shift 
In 1 some increase in number of megakaryocytes was noted One patient presented 
aplastic changes which were attributed to previous irradiation therapy Baras- 
cuitti’' reported 6 cases in which marked eosinophilia of the marrow occurred 
Mendell and co-workers^’ noted no charactenstic changes in specimens of marrow 
from 3 patients Propp and Schwind“ stated that myelophthisic anenua such as 
occurs in Hodgkin s disease and reticulosis arc among the diseases giving marrow 
pictures which arc not diagnostic Pincy and Hamilton-Patcrson” stated that 
we probably never obtain assistance in diagnosis by examining the bone marrow 
in Hodgkin s disease and described hyperplastic and hypoplastic changes in vary- 
ing stages of the disease Sundberg’" and Wintrobc” agreed that the usually en- 
countered marrow picture is nonspecific, consisting of some shift to the left in the 
myeloid line together with a slight monocytosis or eosinophilia Limarzi” re- 
ported myeloid hyperplasia, an increase in plasma cells, histiocytes and megakaryo- 
cytes in some cases of Hodgkin s disease 

While the majonty of investigators have found aspiration of sternal marrow of 
little value as a diagnostic procedure in Hodgkin s disease, there arc a few excep- 
tions Viradi” reported a single case in which sternal aspiration yielded a specimen 


contaimng many lymphocytes and large basophilic cells with large nuclei and 
large, blue nucleoli which he classified as Rccd-Stembcrg cells Rohr and Hegglin’* 
identified Rccd-Stembcrg cells in the specimen of marrow in a case of Hodgkin s 
disease Klima® desenbed a lymphogranulomaMllcn, which he felt to be a de- 
nvative of the lymphoblast, as the characteristic cell of Hodgkin s disease Scott“ 
regarded the cell desenbed by Klima as a partly differentiated reticulum cell such 
as is frequently seen in imprint and puncture preparations from lymph nodes of 
many conditions other than Hodgkin s disease From i patient Sundberg” de- 
senbed section preparations showing the granulomatous lesions typical of Hodg- 
Itm s disease, but only after an extremely diligent search was a single Rccd- 
Stembcrg cell found in smear preparations from the same patient 
Lymphosarcoma Dameshek and co-workers” in illustrating the comparative value 
and liimtations of trephine and simple aspiration methods of sternal marrow biopsy 
reported 2. cases of lymphosarcoma On attempted aspiration no cells were ob- 
tained in I and very few cells in the other case Smdy of sections obtained by the 
rtcphine method estabhshed the diagnosis in each case, disclosing lymphosar- 


comatosis with connective tissue replacement of the marrow in the first, and a 
small area of lymphoblastic proliferation (lymphosarcoma) in the second Vogel 
and co-workers” reported the marrow findings essentially normal in 4 cases of 
ymphosarcoma and in 1 of folhcular lymphoma Falconer and Leonard” found 
Aat study of aspirated marrow material was of no aid to diagnosis in 4 cases of 
ymphosarcoma Wintrobc” noted an increase of lymphocjtes in some cases of 
JTnphocyuc Ijmphoma and in i of follicular lymphoma, but more common!) he 
ound no abnormality in the marrow in such cases Gormsen,’" in 2. of 18 cases of 
Iinphosarcoma, observed moderate infiltrauon of the sternal marrow with more 
«s immature lymphatic elements 
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Material and Methods 

Material The matcnal for this study was obtained by simple needle aspiration ol 
sternal bone marrow in 15 unselectcd eases of Hodgkin s disease, 10 of Ij-mpho- 
sarcoma and 2. of follicular lymphoma The diagnosis in each case was based on 
results of Ijunph node biopsy, autopsy or both 

Because of the uniformly poor results reported foUowing exammation of simple 
smears after needle aspiration, no cases were included in this senes in which ex 
amination was earned out pnor to the introducuon, for routine use in this labora 
tory, of the methods of preparation advocated by Schleicher '• " 

Technic With the Illinois sternal aspirauon needle* a total of approximately 1 cc 
of sternal marrow substance was aspirated The specimen was transferred inuncdi 
ately to a paraffin-lined container and mixed gently with a minute pinch of hepann 
powder as an anticoagulant 

Portions of the material obtained were used for preparation of the usual smears, 
Wright s stain (Grubler) being used and for volumetnc detenmnauons The 
latter procedure has been found to provide a fairly accurate quanuauve index of 
the functional state of the marrow 

The grossly visible parucles of marrow substance, or nmts, in the aspirated 
speamens were carefully collected These units ranged from 05 to i o mm in 
diameter in the normal individual to as much as o 3 to 4 o mm in the hyperplastic 
marrerw of pernicious anemia Several of these units were speared on the tip of a 
wooden applicator and the material smeared out gently on the surface of a glass 
slide The resulting impnnt preparations provided a picture of the general structural 
relationships of the marrow 

Finally, after fixation, the remaining units were stained with hematoxylin and 
eosin and section preparations obtained Sections so prepared provide architec 
rurally and histologically accurate samples of the marrow With this method, it 
has been felt that the needle aspiration method more closely approaches a true 
biopsy procedure, and the advantages of the trephine method have been, to a con 
sidcrablc extent, overcome It was hoped that aspirated material so prepared u 0 
yield information of diagnosuc significance in arcumstances in which the simp cr 
aspirauon and smear technics had reportedly failed j n ft 

Plan of study The pteparauons described above were carefully examm 1 
enual counts of 1,000 nucleated cells were earned out in each case c c mii^ 
features m the cases under considerauon were analyzed and some corre atioa wi 
the appearance of the marrow specimen was attempted 

Results of Study 

Hodgkin s disease 

Criteria for diagnosis Hodgkin s disease of the bone 
histologic picture seen in other involved tissues and organs 
lar cells is often the dominant change ‘ However, the proces 

* Manufictnicd by the V Moeller Co , Chicago, 111 
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plcomorphism and the diagnosis rests finalh on the demonstration of the presence 
of Reed-Sternberg cells, whether the pathologic change be paragranulomatous, 
granulomatous or sarcomatous in type ’ 

Pincy and Haimlton-Paterson-' have stated that there is no certain way of dis- 
tmguishing Reed-Sternberg cells from megakarj ocytes While it is true that the 
differentiation may be difficult, it is felt that it can be satisfactorily accomplished 
in most instances if undistorted, properly stained cells are considered 

The mature cells are similar in size The nuclei of Reed-Sternberg cells are round, 
oval, lobulated, multilobcd or multinucleated The nuclear chromatin is relatively 



Flo 1 REED-SrEiNBEBO Ceixs Impnots of lymph nodes from i patient svith Hodglon s disease « 
r‘gnt sstainX 970 i Hematoxylin and eosin stain X 970 


scanty in amount and irregularly distributed (fig i) Megakarj ocytic nuclei, al- 
though often multilobcd, are always single with generous, more uniformly dis- 
tnbuted chromatin and a fine chromatin-parachromatin pattern The outstanding 
characteristic of the Reed-Stemberg cell is the very prominent nucleolus (fig iF) 
which IS usually lacking in the megakaryocyte or megakar) oblast The cy toplasm 
of the normal megakaryocyte contains charactenstic azurophilic granulation when 
stained with the polychrome dyes In addition, pseudopodia with apparent plate- 
ct formation are often observed The generous cjtoplasm of the Reed-Stemberg 
Cell has a faintly basophilic, granular appearance with Wright s stain and the cell 
tBcmbranc is often indistinct 

Ktsults Detailed search of all material obtained b) sternal aspiration in the 
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tcntialitics of the procedure In addition, the sternum should be routinely palpated 
for areas of tenderness and such localities should be selected as the site for aspira- 
tion 

The fibrosis which so commonly develops in the lesions of Hodgkin s disease 
could conceivably render simple aspiration of a satisfactory specimen impossible 
Utilization of the trephine method, in dr) tap cases particularly, might over- 
come this difficulty 

The high incidence of positive findings on sections taken at random post mortem 
by Steiner' would indicate that more frequent positive results should follow the 
adoption of the proper technic This should be particularly true in patients present- 
ing clinical'* or hematologic evidence of hone marrow involvement 

Ljmpbotarcoma 

Catena for titagnosis No one cell has been shown to be diagnostic of Ijunphosar- 
coma Ghon and Roman'** emphasized the usual presence of a nuxturc of cells and 
commented that lymphosarcoma appears to be a neoplasm in which all elements of 
the normal lymph node may be represented These cells ranged from typical small 
lymphocytes through larger, atypical cells with indented, hyperchromatic nuclei 
and relatively little cytoplasm, to lymphoblastic cells with reticular nuclear stnic- 
ture, sometimes contaimng nucleoli, and a basophilic, often vacuolated, cyto- 
plasm Lymphocytic, lymphoblastic and reticulum cell varieties of lymphosarcoma 
have been commonly described *' Gall and Mallory" subdivided lymphosarcoma 
into stem cell, clasmatocytic, lymphoblastic and lymphocytic types, according to 
the predominant cell type Hcllwig" has advanced a similar classification 
Sternberg," however, desenbed a cell which he regarded as characteristic of 
lymphosarcoma, occurring in cases of so-called leukosarcoma Sternberg considered 
the cell a form of lymphocyte but, at the same time, an atypical tumor cell The 
ntajonty of hematologists have not accepted leukosarcoma as an entity and prefer 
to consider it a locally aggressive type of leukemia, most often large cell and acute 
In type " 

Isaacs" noted the development of leukocytosis in 15 of 43 cases of l)Tn.phosar- 
coma He described a charactenstic cell appearing in the pcnpheral blood in 
those cases of lymphosarcoma cell leukcima which he felt was usually rmstaken 
for an immature lymphocyte or lymphoblast Certain distinguishing features of 
the nucleoli were stressed When stained with Wnght s stain after the matenal has 
f>ccn smeared on cover slips treated with crcsyl blue, the nucleolus stands out as 
a sky blue, round area surrounded by a deep blue-black nm of cytoplasm which is 
piled up around it Such nucleoli were usually single In contrast, nucleoli of im- 
mature lymphocytes or lymphoblasts appeared as a light blue hole in the chro- 
matin structure, without the heavily staining nm In addition, the chromatin 
around the edge of the nucleus of the lymphosarcoma cell was thickened into a 
airly definite nuclear wall In 6 of the 15 cases in this group necropsj disclosed 
transformation, in varying degrees, of all lymphoid tissue in the body into the 
) pnosarcotna type The autopsy findings cited in these cases would seem more 
consistent with the diagnosis of leukemia than lymphosarcoma 
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Wis^an" said it is possible, by nse of vital staining methods, to difiercnaatc 
normal, leukemic and Ijonphosarcomatous lymphocytes 
Gall and Malloiy “ considered the development of a leukemic blood picture an 
incidental manifestation of the underlying neoplasuc process in lymphosarcoma 
Blood pictures resembling leukemia occurred at some time in the counc of the dis 
ease in i8 per cent of the lymphocytomas and in 2.8 per cent of the lymphoblas- 
tomas retimed bj Helltvig Evans and Lcucucia^* advanced the concept that 
IjTnphosarcoma becomes leukemia when the bone marrow is mvolved 
Webster^’ regarded lymphosarcoma, lymphatic leukemia and leukosarcoma as 
manifestations of the same disease There appears to be little doubt that the proc 
esses arc closely related, and absolute differentiation is commonly difficult and 
sometimes impossible 

In addition to the doubtful existence, according to the majonty of investigators, 
of a cell charactenstic of the disease, the positive microscopic diagnosis of lympho- 
sarcoma IS further complicated in that the general histologic picture maj be closely 
simulated in other conditions, notably Hodgkin s sarcoma and lymphatic leu- 
kemia Potter*" suggested that the diagnosis of small cell lymphosarcoma should 
be eliminated from consideration in lymph node enlargements and labeled alcu 
kemia 

Rtsuhs of study MatenaJ permitting satisfamory scaion, imprmt and smear 
preparations was obtained in all cases in this group, however, the techmeal diffi- 
culty encountered was sufficient to warrant the designation dry tap m 1 m 
stances 

In 3 cases the specimen of marrow presented no remarkable deviation from the 
normal Lymphocytosis, ranging from 30 6 to 70 9 per cent with an average of 
X per cent, was present in the remaining 7 cases The lymphocytosis was accom 
panied by moderate to marked diminution in number of eryuhrogemc cells In 
contrast to the frequent finding of myeloid hyperplasia with left shift in cases of 
Hodgkin s disease, such changes were not observed m this group 
The fixed sections presented the most spectacular findmgs In 3 instance e 
marrow was infiltrated or invaded by obviously' abaormtl tissue compos 0 

mononuclear cells (fig x) The picture presented was one of focal involvcnumt, wi 

apparently uninvolvcd marrow assuc interspersed This contrasts with e m 
appearance of the marrow in lymphauc leukemia (fig 3) m which, whi c n « 
of lymphocytes may be present, the involvement is usually more (Muse in are 
ter This difference may not be stnking on superfiaal examination ( ^ ^ 

but on closer study cells of the myeloid and mcgakaryocy'tic senes can 1 en ‘ 
even in a densely infiltrated marrow in chronic lymphatic li^emia ( g 1 
the other hand, no normal marrow elements can be identified among 
cyuc cells composing the infiltrate in cases of lymphosaiOTM ( SJ 
this distincaon wiU be sufficiently consistent to be regard 
nostic can be determmed only by study of more cases Stances and pre 

Fixed sections in the remaining cases appeared normal ‘“J cells, 

sented varying degrees of hypoplasia, without aggregauons of mononuciea 
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In 3 cases there t%as no significant deviation from the normal either in the mor- 
phologic character of the 1) mphocy tes or in other features observed on the smear 
preparations Atypical and abnormal lymphocytic types were present in all 7 cases 
in which there -was some degree of lymphocytosis in the marrow specimen No 
single lymphocytic ty pc predominated in these cases but rather a variety of forms 
was encountered on the smear preparations The prevailing ty'pes could be loosely 
separated into the following categories 



^ Lt'iPHOSAScoMATODS Indltratiox OF BovE Makrow Sccuon preparation CHcmatoiylta 

“J'osm.umXso) 

T 

^ype 1 This was a large (10 to 18 micra) round to oval cell containing an irrcgu- 
^ > shaped, frequently indented nucleus with relatively scanty, basophilic cyto- 
F ni(^tig ja) The dense chromatin material was uniformly distnbuted with little 
paMchroniatin evident Distinct nucleoli were fairly numerous 
j-j. ^ Similar in size (14 to 18 micra) to the cells described as type i, this cell 
E Sfi) demonstrated less bizarre nuclear configuration and more generous, baso- 
and nuclear structure was reticular with frequent grooving 

°^^*sional indistinct nucleoli A clear pcnnuclear zone was occasionally 

3 These cells (fig 5b) were 8 to ii micra in diameter and presented dense, 
comatic, frequently grooved, occasionally Riedcr-tyqx: nuclei with at ery 
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thin nm of deeply basophilic cytoplasm This was the ahnnm, i ii 
commonly encountered “ abnormal cell tj-pe most 
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Fio 3 —Section Peeparationi or Marrow irou a Patient with Ltmehatk Lweenia Staihid 
WITH Heuatoetlin AND Eosin .» X 105 i X 700 


commonly encountered (fig 5 b) No correlation could be made in this senes be 
tween the type of cell predominating in the sternal smear and the type according 
to the morphologic classification advanced after biopsy and autops) 

The cell types observed might be confused with, or may indeed be identical with, 
atypical or bizarre forms sometimes encountered in subacute or acute lymphatic 
leukemia but are clearly distinguishable from the ordinary lymphocyte or lymp o- 
blast , . 

In 5 of the 7 cases in which atypical lymphocytes were demonstrat in c 
marrow specimen, similar cells were observed in smears of the penp 
In 4 of these, including the 3 cases in which there were positite **^*ume 
pcnphcral lymphocytosis ranging from 36 to 64 per cent ssas not at som 
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Fio 4 — LrurEosAncoiiATOushmLTjiATJONOFMAiaow Section preparations suiacdmcbbcmtroxjr- 
•“‘ndeojia -« X 140 i X 760 



Pi 

^ ° 5 — Smea* Pactaeations or Maseow ntoM a Patjevt uini Lyuphosaucosia Stai'ho with 

Stain m All t) pe i prcdoroinitcs (X 675) The section preparation is shown m figure 1 b Cell 
5 Ere illustrated Section preparation is shown in figure 4 CX 700) c Cell type 41s illustrated 
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completed a course of irradiation therapy before examination at the clinic Symj>- 
toms had developed twelve to eighteen months prior to sternal aspiration No 
chnical evidence of bony involvement was demonstrated in either case 
Comment While sternal aspiration in these cases provided no information of 
diagnostic significance it is felt that, in view of the close relationship between 
foUicular lymphoma and lymphosarcoma, study of a larger scries of cases may well 
reveal more significant changes 


Summary and Conclusions 

Neither diagnostically significant features nor consistent abnormalities of other 
character were demonstrated in the specimens of sternal marrow obtained in 15 
cases of Hodgkin s disease With improvements in technic, particularly in patients 
presenting clinical evidence of bone or bone marrow involvement, the procedure 
Ought become more valuable 

As an aid in diagnosis in cases of obscure malignant lymphoma, sternal aspira- 
tion IS likely to prove of greatest value in cases of lymphosarcoma In 7 of 10 
proved cases, abnormal lymphocytic cell types were encountered and in 3 instances 
Nme marrow infiltrations were demonstrated in fixed section preparations The 
latter were felt to be diagnostic of lymphosarcoma 

In 1 cases of follicular lymphoma the specimens of sternal marrow presented no 
striking abnormalities However, because of the apparently close relationship 
which this disease bears to lymphosarcoma it is felt that study of a larger number 
0 cases may prove the procedure of some diagnostic value 
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BONE MARROW REGENERATION IN EXPERIMENTAL 
BENZENE INTOXICATION 

By Bernhard Steinberg, M D 

"DENZENE intoxication is known to affect the hemopoietic system of man and 
of lower animals Depending upon the duration of exposure, concentration of 
the chemical, frequency of admimstrauon and the age of the ammal, changes of 
the bone marrow vary' from complete aplasia to selective hypoplasia Smcc little 
IS known of the regulating mechanism of producuon and distnbunon of leuLo- 
C) tes, the acuon of hemopoietic intoxicants may be utilized for the study of this 
problem This work was undertaken from chat point of view 
The mechanism by which benzene mduces bone marrow changes has not been 
determined Two possibilities appear plausible in the present sute of our knowl 
edge The chemical may inhibit cell division or interfere with hypothetic active 
pnnaples concerned with marrow activity Cell division may be inhibited either 
by damage to the nucleus or by the alteration of the Iipoid-protcm medium of the 
marrow in which the cells arc contained The latter process presupposes that the 
ceil metabolism requires the integrity of the mediam 


Experimental Procedure 

This stud) u» mo^hologic mvesciganoo of the effect of benttiw oo celldivuioo Tht followinjci 
penmenul procedures were employed for the esaluinoo (i) Marrow of one or more of the loog boots 
was extirpated m living rabbits according to a procedure desaibed prenomly > (i) Vinous degrea of 
beniene intoxication were mduced in rabbits (3) The inimaJs were lolled at intemls ifta varying 
paiods of beniene administration (4) Studies were made of the compariuve changes between the nt 
tirpated and the controlitcral uneitirpated marrows (5) Comparauw changes were studied btvttn 
extirpated marrow of normal animals and those with benienc intoDcatioq The steps in regeneration 
of extirpated marrow in normal animals were presented m a previous pubficaaon ’ 

Extirpation of marrow was done by incising the soft ussues at each end of the long bone. In the re 
moval of tibial marrow the two inasions are preferable At the narrow end of tbe bone, rbe tenioof 
were retracted At the broad cod a cross loasioo was made to the penostcum In the case of the femur 
humcmi radius and ulna, a single inasion from the proximal to the disal end is snffioent The ausclo 
were separated along fasaal hoes and were retracted Muscle injury is the common cause of death die 
animals A single opening was made at the narrow end and four opmings at tbe broad end with a 
dnii The piece d bone outlined by the fonr openings was lifted out A tight-firrrag flexible si «r 
cannula was mserted into the single opening A synage filled with static Injuid petrdatom wai^ 
uched to the cannula The pressure d the oil separated tbe marrow and expressed it our 0 t 
cavity through the larger opening Occasionally it was necessary to cat each end d the mmw ' 
could be expressed The marrow from the epiphyses was removed with a sfiirp curet an par 
with sdt bone wax followed by smps d gauze saturated with wax The marrow 
then cleaned with a pipe cleaner and flnshed out with saline (fig 0 The animal 0 ‘ 

It IS the largest d the animals with a mbular marrow and lends itself foc^cmat ope st 1 

mals were anetthetued with pentobarbiul sodium The hair was remo w a ep 

non and the leg was wrapped with cotton saturated with mi antiseptic. It is essential that the g 

procedure be earned out under stnctascpncptccauaoiis malsranrdfrom 5 to n 

Forty marrows were extirpated in 30 rabbits in this study The age d 
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Loso Bone or a Living Rabbit 


^ ^ Fio I RciicnAE or Marrow thom a aaj'.u AJWf»t wr a 
At in the bone with a Ralk oail drill At one end of the bone a single hole is made (a in 

®P^Qg (b ^01^ holes are made xnd the central bone spicule is remosed leaving a large 

ContaiQiQ ^ flexible siher cannula is inserted into the single hole (a in B) and v.ith a sjTingc 

j the marrov. is expressed through the larger opening (b Jn B) Both openings arc 

« ''iih bone s%ax (a and b in C) 
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couslv onr tn Mvn r 1 CC. of a fauxmre of 5 para of benzene to i part of obre oil nbenua- 

I L lines daily The number of io)ccnoni was varied for each animal (tee ubie i) Pen 

rnS J °"= “■ “Ofn "“a liuly The auimalt were killed at mccrvals of 1 

m rL ^ °f marrow Studies were made of the comparaPTc changes of the regenerated 

w ter anon in formaldehyde or Bomn s solnnoni and itaimng with hemotoaylin-eoiui or 
laiemsa preparations 


Results 

Rtieneratton of Normal Marrow 

For a dearer understanding of the comparative changes, the steps in the tegcncra- 
tion of normal marrow arc restated The earliest significant manifestation, which 
appears in about nine days, is a sprouting of sheets of pnmitive reticular cells and 
bone trabeculae from the endosteum The next step is the formanon of fat cells 
This process takes place probably by a coalescence of two or more primitive rcacn- 
lar cells after their cytoplasm is replaced by lipids Fat cells contmuc to form for 
sixty days, but their formation is most active and profuse in the first twenty da}^ 
after extirpation Islands of mydoid tissue begm to appear jn about mne days and 
increase progressively in number Regeneration does not proceed uniformly 
throughout the bone marrow In sutty days, most of the marrow has returned to a 
normal number and distnbution of myeloid tissue (fig a) 


Regeneration of Marrow tn Benxfne Intoxication 

The quantity of benzene and the number of injections were varied Some animals 
received relatively litdc of the chemical over a period of a few or many days Other 
rabbits were injected almost daily and received a total large quantity of benzene 
(see table i) There was a distinct correlaaon between the degree of intoxication 
and the appearance of the bone marrow In severe poisonmg, regeneration did not 
proceed further than the stage of sprouting of primitive tcticular cells There was 
some attempt to form fat ceUs, but they were few and atrophic or mdimenraij 
Whenever an occasional fat cell did develop, it was followed first by proliferation 0 
a few megakaryocytes and then by an infrequent small focus 
Even after a penod of eighty-one days, those animals which rccei 
continuously showed a state of marrow response comparable C)nl> to the t p ase 
of normal marrow regeneration Granulocytes did not make ^eir appearand 
unless a considerable number of fat cells devdoped and not uflul ot ^ 

cytes and cells of the erythrocytic senes were present m jjj 

decreasing degree of intoxication was associated wi* ^^njnjjcjo.d 

myeloid activity With a rclanvcly small quantity of benzene, of jj,c 

tissue was in considerable evidence in twenty-OTe daf's extirpated 

marrow When benzene administration was stopped, tne . n,arrots, 

bone proceeded to develop fat cells, whereas in the intact coutrolateral m 

myeloid hemopoiesis would set in inabilitv of the mar 

The significant changes in these expenments 1 ' ppatent dependence 

row to regenerate past the primitive reticular ce s 
of myeloid activity upon presence of fat cells 
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F>o J-— A B AND C Reoenbiation oe EmitPATED Maeeow in Nor^ RABBm 
, A 9 dRy. After cxorpAiion Bone rrAbcculAc and sheets of pnmiuvc rettcular ceUs apparently derived 

>hc endosteal layer of bone and from the trabeculae Xioo f~,mitive teacnlar cells and 

after e^rpation Formation of fat cells Intermedute forms of prumme teacnlar cei 

ol'l«Warcmthc6cld X^oo Franuloo tes and crythroblasts 

^ 10 days after cttirpauon Islands of myeloid tissue composed of granuloq tes ao erj 

area ofpnmitivcrcucular cells X/^ 

^onrul acu\ c marrow of a rabbit for comparisoD X S4° 
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o 3 A AND B KEOKNEttATION OT ExTUiFATZD MakIOW IN SeVIJU BkNZEIJE InTOUCATION 

A 54 daTi after cxtirpatjofl There arc indijcinct *hccti of pnmjDvt reacclar ceJ/s rudjiDCDrarr fit 
cclis aad mcgaitaryoblasts X710 

B 81 da)s after ciDrpaaon There arc sheets of pnnuoTC rctjcular ccBi fxjoc trabecniac jnd rmh 
iDcntaiy fat cells bat DO niTcIoid activity Xjtjo 

C Intact marrow of same animal as m A There arc atrophied fat cells tnd ccytbrobhsuc actirity 
X340 

D Intact marrow of same animal as in B The fat cells arc atrophic There is no myeloid ictintr 
X340 
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Effects of Btne^eue hitoMcatton on Intact Bone Marrow 

The intact bone marrow in benzene intoMcation will be described only in so 
fir as It helps to clanf) the picture of regeneration Whenever possible, compari- 
sons were made with marrow from controlateral extirpated bones Marrow from 


Table i 


— JUlationship cf Dc^ret of intoxicatten te Bone Mjtttow Regeneration 


Ptnckd of 
nisrrow rt 
KcnmUon 

Extent of benzene 
tdrainlttratioD 

Range of \\ BC 
per cu mm of 
blood during 
benzene 
adminutratlon 

doyj 



M 

9 cc. of benzene for 6 daj s 

1800 to 411 

'9 

11 cc, of benzene for ii 
days 

r 

1600 to 410 

ir 

10 CC of benzene for 7 
days 

5900 to ZIZO 

30 

34 tc. of benzene for 19 
days 

8500 to 1300 

30 

10 cc of benzene for 7 
days 

8160 to 1100 

30 

46 cc of benzene for 30 
days 

5700 to lOOO 

35 

30 cc of benzene for 15 
days No benzene for 
10 days pnor to cxtir 
pation 5 days during 
experiment and 5 days 
before death 

6600 to io86 


93 ec of benzene for si 
days 

7900 to 1850 

81 

^57 cc of benzene for 70 
days 

9950 to 3100 


Slate of the regenerated bone manow in beniene 
intoxication 


No ra)cloid cells feu fat cells, sheets ol 
pnrmnve reucular cells and bone trabec 
ulae 

No myeloid cells no fat cells sheets of 
pnimtivc reucular cells and bone tra 
beculac 

Considerable myeloid acuvity many fat 
cells and an occasional sheet of pnmi 
uve reucular cells 

Few areas of myeloid regencrauon largely 
crjthroblasuc few fat cells extensive 
sheets of pnminve reucular cells and bone 
trabeculae 

Considerable myeloid acuvity many fat 
cells, few areas of pnmitivc reucular 
cells 

No myeloid regenerauon infrequent rndi 
mentary fat cell, extensive sheets of 
pnmitivc reucular cells and bone tra 
beculac 

No myeloid cells few rudimentary fat 
cells extensive sheets of pnminve rcucu 
lar cells and bone trabeculae 


An occauonal megakaryoblast and cryth 
roblast small number of poorly formed 
fat cells sheets of pnmiuve reucular cells 
and bone trabeculae 

Few areas of megakaryocytes, few rudi 
mentary fat cells sheets of pnminve 
reucular cells and bone trabeculae 


' unierus, femur, radius, ulna and occasionally the ribs was studied Sheets of 
dj\ "^ticular cells were not found in any of the marrow even after eighty -one 
to fif° administration The fat cells remained intact in most instances up 

to h became atrophic and the nuclei migrated from the penph- 

tne center of the fat cell in eighty-one da} s In some instances of set ere in- 
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MIRATION OF BONE ItAESOW 


Method 

■i?, ’Ik’ “"'■ “P‘«n'«’ have been done on «bb.^ 

Tbe rate,:, under ether anesthea.a, « placed on m bact, and «s legs are secured ns the ouutrctched 
^aT 0>s the superior medial suftice of the tibu mfcnor to the medial 

condyle and med.al to the t.b.al tuberos.ty 17 ,.* surface u trungnlar m shape and can be palpated^, h 
case cren inextrrmelj small animal, The suf^rfical hair is removed In the temamder of ^^utc. 
reasonable and adequate precautions with regard to atenle technic are taken (The needle is allowed to 
remin in rephiran chlt^de for several minutes and the operator keeps his fingers moist with the same 
solution ) II e ha\ e used the klima Rossegcr needle* as a biopsy needle but a shortened lumbar pimctntt 
needle with a tightly fitting stylet svtmld probably be adequate A ty gage needle is preferable for the 



Fio I — Akterior View of UrpeJi Portion of Rjoht Tibia op Rabbit a Arroxr poiow to «te cJ 
punaarc b Medial condole c Tuberoiicj 


lar^ animals Thcskmaodsubcutancousussucaftbcsitco/ puncture arc cxcrcineJffhJn UTjcBiiunimil 
prCRurc IS applied, the tip of the needle penetrates the xupcrhcial tissues and pierces the pcnosccum ^Ticfl 
the penostemn has been penetrated the needle is pushed perpendicular!) through the cortex of the nbii 

until the sudden give sensation ladicatu'cofpcnccrauoo intothe medullarj'cant/ufeir Thisiuddcn 

decrease in resistance to pressure is cxpcncnced when attempung to penetrate the conical bone of any of 
the adult animals In young animals, the give seasauon is niirumal and one may have to judg e t he 
depth ofpcnctranoa by the presence of/at droplets on the stylet WTicn thcmarroTrcaviryhas been pen' 
trated the stylet IS removed aodaiocc sjTtngc is attached Rapid, strong sucuon (negative press^ 
lo to xo cc ) IS employed This usually is followed by the swelling up of marrow into the syringe 
itonaliy it is necessary to apply suction more chan once in order to ohuta /or the marr^ 

cxtrcmcl) VISCOUS Varying amounts of fiuid can b- obtam*d, o 5 cc, is a convenient am^t ^ 

IS removed from the bone and pressure is applied to the wound. Blecdmg subsides rcadi y, an no 01 

treatment IS required imirrnwfor 

The remainder of the method corresponds to that Qs*d m the preparation of human stem 
study “ The 6uid is immediately transferred to a paraffin hn^ "vnal cootaiamg^a minotc 
hepinn f After it his been thoroughly agitated the hepanniaed marrow is poured OTt on a 

plate Grossly visible particles of marrow are usually present nje fiuid m » TTic^^n 

are transfetted to a Wmtrobc hcmatoait tube by means of a chemically clean cip lary p pet 
lug particles are prepared for microscopic eiaminauon by the follomog m- 


• Made by V Mueller and Company Chicago Illinois 
t Lot 131 Hynton Westcott and Dunning Baltimore, Md 
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Fii parades in Zenker s fluid — 30 minutes to r hour 

In the remainder of the procedure, remo\c the fluids from the small \ial by means of a capillary pipct 
Do not attempt to transfer the particles The timing \arics uith the size of the particles A suggested 
tuningis several changes of distilled uater — 3ominutcs 30%alcohol — 3oniinuccs 3o%aJcohoI i hour 
or longer 70% alcohol — 1 hour or longer 95%aIcohol — lorainutcs joo% alcohol 0) — 5 minutes 100% 
dcohol (1) — 3 minutes (Add about an equal volume of x>]oI to this last alcohol almost immediately ) 
lylol (i>-io minutes x>IoI (a) — 10 minutes 

Remove aylol pour paraffin (M P 54®) in \aa! and allow tissue to become infiltrated in os-cn for 30 to 
45 minutes Remosx paraffin with heated capillary piper add fresh paraffin and lease in o\co for 30 to 45 
^mutes Do not leave tissues in o\cn o\er I3 hours 

Remove partidcs from paraffin b> means of a heated capillary pipct Place tip of piper at bottom of 
pzriffin-fillctj boat and force particles out of pipct The particles should be made to aggregate in a rcla 
nvdy compact mass near the bottom of the boat Let parafiin harden pare blocks cut at 5 micra and 
moonc. Stain as desired Anj of the special blood stains can be used following Zenker s fixation During 
di^ seaming procedure remose the precipitated mercury Iraraediatcl) before staining immerse slides in 
•hliiic alcoholic iodine When the tissue is > cllow place slides in a 5 p*r cent aqueous solution of sodium 
fluosnlphatc Lease slides in thiosulphate until yellow color has faded Wash in distilled water and 
continue staining procedure 

"The fluid portion is centrifuged at a5Co r p m for eight minutes and readings corresponding to the 
height of the vanoos strata arc taken from the Wintrobe cube Four main layers (fat plasma mjxloid- 
crythroid, and crythrocjxcs) arc present Sometimes immediately below the fat layer a lajxr which 
consists of 2 mixtarc of fat peris ascular cells and nucleated marrow cells is found ^These lajxrs gisx a 
^ough idea of the ccllulanty of the noairosv but sections provide more accurate information in this rc- 
One of the mam advantages of centrifugation is the concentration of nucleated marrosv cells in the 
^ycloidxrythroid layer ) The fat and mired layer arc removed and discarded With a second pip^t the 
otjxloid-crythroid layer and a small amount of plasma arc transferred to a praraffin lined watch glass 
®cars arc made from this mixture The smears arc dried rapidly by whipping them through the air or by 
of a fan The smears ma) be stained with any of the common blood stains Wnght s or the May- 
Qwald Gicmsa stains arc excellent 

Smears made in this way surpass any we have obtained in previous studies of the 
nc marrow of animals The smears show isolated undamaged cells in great 
^^bers and arc as good for morphologic studies as arc those made from human 
sternal or iliac marrow Also, as many as thirty cellular smears have been made 
a single sample, this has proved valuable for teaching purposes It has been 
P^siblc to obtain particulate marrow for sections from almost every rabbit and 
'thicken biopsicd 

procedure described is, of course, not necessary to the study of qualitative 
^ jtngcs in the marrow cells If one withdraws only a few drops of marrow, there 
little dilution with sinusoidal blood, and relatively cellular direct smears can be 

made 

case with which marrow can be obtained seems to depend upon the size of 
I c animal and upon the contour of the tibia Obtaining marro\v from the tibia of 
^ guinea pig IS reasonably difficult An 18 gage needle was used, and it was ncccs- 
^ to penetrate at an angle which aUowcd the needle to be directed toward the 
t of the bone to avoid penetration of the lateral surface of the ubia In the 
the problem is even greater A short u. gage needle with an extremely 
^nort bevel can be pushed through the cortex of the tibia without too much 
lb found It simpler to clear the needle w ith its sn let after penetrating 

rather than attempting to penetrate the bone with the stylet m place 
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aotration of bone marbow 


The needle should be directed toward the shaft of the bone Only a few drops ol 
marrow were obtained from the guinea pig and the mouse 
No marrow could be aspirated from the tibia or femur of rats The tibia of the 
rat hM no easily palpable tnangular surface The anterior ubiai crest is promment, 
and the lateral and medial surfaces of the tibia arc in dose apposmon When the 
pressure required for penetration of the cortex of the medial surface was apphed, 
the lateral surface was also penetrated ’ 

The method was not used on dogs, cats, or fowl other than the chicken Both 
dogs and cats have tnangular surfaces on the medial aspects of their tibias Except 
in large dogs, the bone could probably be penetrated with manual pressure 
When o 5 to I o cc of fluid are aspirated from the tibia of an adult rabbit, ap- 
proximately two-thirds of the red marrow in the upper extremity of the hone is 
evacuated In one rabbit, aspiration was repeated on days 7, 14, and 30 Only a 
small amount of fluid was obtained on days 7 and 14, and the percentage of marrow 
elements was small One month after the imtial biopsy, the fluid was reasonably 
abundant, but the percentage of immature cells was lower than that in the original 
marrow Although repeated biopsies arc possible, our method mvolves aspirauon 
of a large amount of marrow Biopsies of the same tibia would probably not yield 
comparable specimens unul two months had elapsed ” 

Aspirations of iliac marrow have been done on rabbits and mice Approximately 
o 5 cc of fluid can be aspirated from the ilium of the rabbit and treated in the same 
manner as that obtained from the tibia Only a few drops of marrow can be aspi- 
rated from the ilium of the mouse 


SuMMARX 

I Methods of aspiranng tibial bone marrow from living laboratory animals 
(rabbit, guinea pig, mouse, and chicken) have been described No method of 
aspirating marrow from living mice has been encountered m the literature 
a The method would probably prove useful m obtaimng marrow from the 
tibia of any small laboratory animal which has a flattened triangular area on t e 
superior medial surface of the tibia 

3 In larger animals (rabbit and chicken), large amounts of marrow can K 

aspirated Both smears and sections can be made , 

4 The present method, if used in combination with the simi ar 
aspirating marrow from the dium. wiU afford four different sites of aspiration 
This should make possible the study of progressive changes in the raarrotv 

references 
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THE OCCURRENCE OF THE PERIODIC ACID-SCHEFF REAmnM tm 
VARIOUS NORMAL CEU^ OF BLOOD AND 

By George B Wiseocki, M D , Jack J Rhexngou>, M D , 
and Edavajid W Dempsev, Ph D 


PERIODIC acid-Scfeiff method stains gJ)cogcn, mucus, reticulum and 
X basement membranes, some kinds of clastic ussuc, fibno, and vanous substances 
of quite unknown composition (McManus-, LiUie et al Wislocb and Dempsc)-) 
Gl) cogen may be differentiated from these other substances by the fact that it is 
soluble in saliva 

In applying recent histochcmical methods to hematology, we have observed the 
staining reactions of a vanety of normal blood and connccavc tissue cells by the 
periodic acid-Schiff procedure The present paper gives a detailed account of these 
observaaons with interpretations of the findings 


Mateiuax and Methods 

The pnnapa! awucs used were obuincd from miu] and rhesor mordcry • The honuo matenaJ cod 
tisccd of smears of penphcral blood and bone marrow of normal subjects, as well as pieces of utenne tube, 
uceruie cervix \crtiiiform appendix and mamm a r y gland obtained from operaave specimens A few 
smears of patients with chrome fimphauc leukemia were also examined Penphcral blood was obtained 
by 6ager puncture and marrow by aspiranoo usually from the sternum 

The matenaJ from >oung rhesus monkeys (Macaca muJatta) compnsed bone marrow spleen lymph 
glands and pieces of coonective astue from the mediastinum, pentoneum ajod skin 

In addition to these, occasional tissues from rabbit (bone marrow of a young anixnil} sou (codontt 
trial stroma) and rat (vanous areas of connective tissue) were unlixcd 

The blood and bone marrow smears as well as the blocks of tissue were fixed in Rossman s mixture 
(sat sol picric aad in abs ale , 90 cm * formaldehyde (added just before using) 10 cm *) The blocks 
were embedded m paraffin and sccaons were cut at 5 ^ Both the smears and the dcparaffinizcd jccuons 
were stained by the pcnodic acid-Schiffi technique After this fixation and method of stanung glycogen 
some acid mucopol)’sacchandci fibnn and other substances arc stained red or pmk Glycogen is dis- 
ungmshablc from mucus and other posiuvely reacting substances by the use of control secnoos eipoied 
to saliva Control sccuons were placed in saliva at room temperamre for one hour before staining them. 

The periodic aad-Schiff method was applied according to the direcnimj of McManus’ in slightly modified 

form The smears and deparaffimzed sections were ucated with a 1 per cent solutioo of pcnodic acid /or 
five minutes, followed by Schiffis JcuLofuchsin reagent for fifteen minutes and subsequent rinsing 10 
sulfurous aad. When a countcfstain seemed desirable light green orhcmatoxyJin was used Thcscaiom 
were then dehydrated in alcohols cleared in xylol and mounted in baliam 

Besides the regular use of saliva on control sections for the idcntificauon of gfi’cogcn, a few sectioo* 
of rabbit s and monkey s bone marrows were exposed to malt diastase (Fisher Socntific — rocr t 
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Amend) The sections were mcubited for one hour at 37 C mat per cent solution of malt diastase buf- 
fered with phosphate at pH 6 8 The results obtained with diasuse differed in some respects from those 
following the use of saliva as will be discussed in a subsequent passage 

The connenive tissues enumerated above were drawn into the investigation for the purpose of studying 
mast cells and tissue eosinophils To identify these two cell types with certainty, sections were prepared 
from the same regions after the use of other fixatives and sums For the cross checking of mast cells, 
blocks of tissue were fixed for twelve hours m a 4 per cent solution of basic lead aceutc and the secaons 
were sutned for thirty minutes in a J per cent aqueous solution of toluidin blue accordmg to the method 
of Holmgren and Wilander* and Holmgren ‘ By this procedure the granules of the mast cells become 
brilliantly meuchromauc For the identification of eosinophils m connective tissue or bone marrow, 
blocks fixed m Zenker s fluid svere sectioned and stained m eosin and methylene blue Followmg this 
procedure the eosmophils are readily distingmshable by their red-stamed granules Blood platelets 
megakaryocytes and polymorphonuclear neutrophils could be readily identified in the periodic aad- 
Schiff prcpautions vnthout resorting to other means for checking them Basophilic leukocytes were 
uncommon but readily recognizable m peripheral blood Lymphocytes and monocytes svere mvestigated 
in human blood smears and in secaons of spleen and lymph glands of the monkey 

Observations on Mast Cells and Tissue Eosinophils 

lAast cells In the connective tissues of man and rhesus monkey mast cells 
stained qmte intensely following the periodic acid-Schiff procedure (fig la) 
Stained mast cells were encountered in the stroma of the human mammary gland, 
utenne tube and cervix and, in the monkey, in the stroma of the skin, mediastinum 
and rctropentoneal tissue The granules were quite heavily stained but the cyto- 
plasm was also involved to some degree, giving a certain ha 2 iness to the granules 
The reaction was not abolished by previous treatment with saliva, a result which 
indicated that the staining was not due to glycogen 

Mast cells encountered in the mucosa of sows uten also stained deeply by the 
penodic acid-Schiff procedure, but the granules were less distinctly differentiated 
than in the mast cells of monkey and man This staining was not prevented by 
previous treatment with saliva On the other hand, the mast cells in the connective 
tissues of the rat were rarely and, at best, faintly stained 

In contrast to these species differences, the mast cells of all of these ammals 
exhibited uniform and intense metachromasia of their granules following staining 
with toluidin blue Instead of being hazy, the mctachromatic reaction was sharply 
confined to the granules 

Tissue eosinophils These cells were found by chance in great abundance in the 
mucosa of a human vermiform appendix The eosinophils were easily identified by 
virtue of their bnlliani red granules in secuons stained with eosin and methylene 
blue By the periodic acid-Schiff technic these same cells exhibited a d iffuse reddivh 
staining involving both granules and cytoplasm This staining w as not infl uenrrff 
by treatment \Mt h saliva and conseq uently c o~ uI3 not be attnbuted to plvcogen. 

Observations on Cells of Bone Marrow and Peripheral Blood 

Basophilic leukocytes Basophilic leukocytes were occasionally picked up in human 
blood smears Following the periodic acid procedure, they exhibited a number of 
brilliantly stained, sharph outlined, small red dots located in a pale pink cytoplasm 
(fig ic) In several control smears exposed to saliva, we were unable to identify 
an\ basophils, so that the rcd-staincd matenal may hav c been gly cogen This appar- 
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cnt finding needs fiirther venfication In the event that basophihc leulocytcs con 
tain glycogen, they would appear to differ from mast ccUs which contain periodic 
acid-Schiff positive matenal which is insoluble in saliva 

Bswopht/tc leuhicyus Eosinophilic leukocytes encountered in human blood smears 
showed a pink to reddish cytoplasm tvith dear granules This s taimng dim inished 
some, but did not disappear entirely after preliminary exposure of the sections to 
saliva 

Eosinophilic leukocytes in monkey s bone marrow were quite deeply stained, 
the granules appearing dark red against a paler background This staining was not 
prevented by treatment with saliva (fig ic^ These cells stood out most conspic 
uousl} in preparations of marrow which had been treated with saliva which re- 
moved the similarl) stained glycogen from the neutrophilic leukocytes 

The eosinophilic leukocytes of rabbit s bone marrow contained exceptionally 
large granules which stained a pale ted b) the periodic acid tcchmque (fig id) 
The staining of these granules was not influenced by previous treatment wth 
saliva 

Neutropbtltc Itukocytts and myelocytes The neutrophilic leukocytes, in smears and 
sections of blood and bone marrow of all species investigated, reacted strongly 
with the periodic aad-Schiff reagents (fig ib) The antecedent neutrophilic meta 
myelocytes and myelocytes also reacted positively, the amount of reactive sub- 
stance being minimal in the myelocytes and increasing as the cells mature into 
leukocytes The reaction in the neutrophilic senes was completel) absent after 
preliminary use of saliva, indicating that glycogen was responsible for it Although 
the glycogen seemed to occur in the cytoplasm in granular or punctate form, it 
did not appear to be actually localized in the neutrophihc granules, for, as in other 


Fio X 

All of the cells illustrated in this plate were fixed in Rossnun t mixture ale forraaldch) dc and 
picnc acid) and were stained by the pTiodic acid-Schiff method Figurcxc h 1 and j ivcrc countcrxiaint 
with hematoxylin Figures a to d inclusive and figure ) were dra^\'0 with 1 X ^ objective and a X15 
ocular, whereas figures c to i inclusive were drawm mth a X 50 objective and a X aocycpiccc 

a Mast cells from stroma ofhuman uterine tube stained after exposure of the section to saliva 

b Neutrophilic leukocytes from the bone marrow of a young rhesus monkey 

c Eosinophilic leukocytes from the bone marrow of a young rhesus monkc> sumed after exposure 

the section to saliva , * nf the 

d Eosinophilic leukocyte from the bone marrow of a young rabbit, suiocd after po 

section to saliva 

c Basophilic leukocyte from smear of human peripheral blood 

f McgiEuyoc) K from the bone mirtow of . young r.bb.t „ ,te nght w« ce 

g MegaUtyocytes from the bone mwrow of . young rhetus ^ ^ 

treated, whereas the one on the left was drasro from a section which had been 

*^h Megakaryocyte and blood platelets (lower left) from smears of human bone marrow and pmp 

i Megakaryocyte and blood platelets Oosver right) from smears of human bone raarro f" f* 

eral blood stained after caposure to saliva ,i,„mDC the maumal numbet of 

, A typical lymphocyte from a case of chrome lymphatic leukemia showing 

stained cytoplasmic bodies f 
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gIyco|cn-bcmng cells, it frequently shifted with fixation to one side of the 
ccjJ Qag ibj 

Lymfhctyns The lymphocytes of human peripheral blood weie for the most part 
negative, but about i in lo showed a few deep red Schiff-postuvc cytoplasmic 
granujes wluch did noc seem to be soluble in saliva In smears from several patients 
wi th chronic lymphatic leuLcmia, the number of lymphocytes showing these gran 
ules was both relatively and absolutely increased In one case, practically all of 
the lymphocytes contained from 6 to iz bright red dots (fig ij) 

The cytoplasm of the lymphocytes observed in stained sccnons of the spleen 
and Ijrmph glands of the rhesus monkey was negauve 
Montcytes In smears of human peripheral blood these cells exhibited pale pioL, 
difitise cytoplasmic staining which did not seem to be influenced by sahva It was 
our impression from comparing the staining observed in the various cells of blood 
and bone marrow that this faint staining of the monocytes was a nonspcafic 
reaction 

Mfgakaryoc^tei In secuons of monkey bone marrow these cells exhibited a multi- 
tude of indistinct, dustlikc, reddish particles located in more famtly stained cyto- 
plasm This staining was not affected by preliminary treatment with saliva (fig igj 
In seCTions of human bone marrow the megakaryocytes exhibited somewhat 
more intense staining The diffusely pink cytoplasm contained uneven sized, meg 
ularly scattered, red particles After treatment with saliva, the red matcnal was 
no longer visible although the pink background tone survived (figs ih and i) 
In the bone marrow of the rabbit the megakaryocytes stamed more intensely 
than in cither monkey or man Larger red particles filled a good portion of the 
cells, appeanng against a finely punaatc reddish background (fig if) Treatment 
with saliva diminished this staining but by no means abolished it 
Platelets These were only examined in human pcnpheral blood The platelets 
showed a fine red sapphng similar to that seen in the megakaryocytes (fig ih) 
This staining failed to occur after exposure to saliva (fig n) 


Discussion 

Camparssen of saliva and malt diastase Malt diastase was briefly compared with 
saliva m reference to its effect on the penodic aad-Schiff reaction an t e i enti 
ficauon of glycogen Diastase was tested on several sections mon ey s 
and rabbit s bone marrow in which ncutrophihc leukocytes, neutrop c my o- 
cytes, eosinophils and megakaryocytes were readily identifiable Si at to > 
the use of diastase prevented completely the staimng of neutrop c 
and their myelocytic precursors, but, unhke sahva, it re ucc vc^ ^,rited that 
staimng of both eosinophils and megakaryocytes These . idenneal 

sahva and the preparaaon of malt diastase employed were not ^ j 

in their acnJ The latter attacked a wider of 

connecaon with other studies we have observe t at penodic 

preventing the staining of basement membranes and renculum by F 

aad-Schiff method ,, ^ of periodic 

Th nature of the fenodte aad-Scbtff reaction m blood tills The 
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aad depends on the oxidation of carbohydrate compounds As a result, aldehydes 
are formed and these are revealed by their colored reaction with the Icnkofuchsin 
of Schiff's reagent The reaction produced in some types of blood cells by this 
technic appears to be due to glycogen, but in other blood cells the saliva-resistant 
substances which stain must contain other kinds of carbohydrates In the case of 
the neutrophilic leukocytes and their myelocytic precursors, the stained substance 
IS undoubtedly glycogen in all species examinihl In man the megakaryocytes and 
platelets also appear to contain glycogen In the monkey, on the contrary, the 
megakaryocytes are stained but the substance involved does not seem to be soluble 
in sahva 

It IS well estabhshed that the periodic aad-Schiff reaction occurs with a variety 
of acid mucopolysaccharides Cparticularly epithehal mucus), and it is probable 
that the reaction is associated with the carbohydrate fraction of these substances 
In mast cells, which possess granules contaimng an aad mucopolysaccharide, the 
positive reacaon may wcU be explained in such a way Speaes differences exist in 
the staimng of mast ceils by the periodic aad-Schiff reagents, in man and monkey 
them granules stain quite intensely, whereas in the rat they are at best very faintly 
differentiated This variability suggests species differences in the availabihty of the 
carbohydrate radicals In this connecaon it is of interest to note that the intense 
metachromatic staining of the mast cell granules with toluidin blue shows no such 
speaes vanabihty However, metachromatic staining depends upon the presence 
of sulphate groups rather than upon the carbohydrate moieties of mucopoly- 
sacchandes 

Concerning basophilic leukocytes, there is little that we can say at present The 
occasional basophils, encountered in normal blood smears of human blood, con- 
tain numerous small red dots in them cytoplasm The fact that we have not identi- 
fied any similarly stained cells in several smears exposed to saliva suggests that 
these droplets consist of glycogen Yet, these findings seem too few to establish 
this point definitely If the above result proves to be consistent, it would indicate 
a difference in the histochemical composmon of mast cells and basophihc leuko- 
cytes 

In a previous investigation of the blood cells of the rhesus monkey by the Baucr- 
Fculgcn method, Wislocki and Dempsey' observed that only the polymorpho- 
nuclear neutrophils and their metamyelocyte precursors gave a positive reaction, 
and this staining was shown to be due to glycogen Subsequently, Rheingold and 
Wislocki^ described the megakary ocytes of human marrow as giving a faint Baucr- 
Fculgcn rcacuon in contrast to the negatne megakaryocytes of the rhesus monkey 
Comparison of these previous findings with the present ones indicates that the 
Baucr-Fculgcn technic, as have carried it out, is not as sensitive as the periodic 
acid-Schiff rcacuon Regardless, ho\%ever, of the fact that the two methods have 
not been quantitatnely alike, as tse hate used them, they have corroborated one 
another in indicating that there arc histochemical differences berween the mega- 
karyocytes of man and rhesus monkey 

The reaction in the sctcral ttpes of eosinophils docs not appear to be due -to 
gUcogen Nor can it be possibh ascribed to an acid mucopoh-sacchandc tthen one 
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considers the fact that the cytoplasm of these ccUs is alkaline m nature It is con 
ceivable that it might be attributable to the presence of a neutral mucopolysac 
chande Notetvorthy also is the observation that, whereas in the eosmophils of 
the bone marrow of rabbit and monkey it is pnncipally the granules which are 
stained, in the eosinophils of human penpheral blood it is the cytoplasmic ground 
substance which is chiefly colored 


Summary 

An account is given of the periodic acid-Schifi" reaction in the cytoplasm of 
various normal cells of blood and connective tissue of man, rhesus monkey and 
rabbit Saliva treated control sections were used to distinguish glycogen from other 
reactive substances The effects of malt diastase were compared briefly with those 
of saliva The results of the present study may be summanxed as follows (table i) 

T>blb 1 — Bruf (barMCtersXjfttan of tht cjtoflssmtc ststntng of cmtioms ctlls of Hood and conoaXtn ftjjut hj 
tht poriodte sKtd Schtff mabod xttsb saliva comols 

Glyc ■■ Positive reaction doc to ^yeogen Pot- » Positive reaction prciomably dec to other 
carbohydrates Ft “ Faint and qnciciooablc rcacaon, Neg “ No reacnon * * Not cnncaliy 
tested with sahva f *■ Normally positive in about i cch out of lo BJanL spaces indicate that no 
observations were made 


CcU 

Man 

UoaJtey 

RabWt 

Neutroph leuL 

Glyc. 

Glyc. 

Glyc 

Neoffoph mycJ 

Glyc. 

Glyc 

Glyc. 

Eosinoph IcuL j 

Pos 

Pos 

Pos 

Basoph leak 

•Pos 



Lymphocytes 

fPos. 

Neg 


Monocytes 

Ft 


Pos 

Megakaryocytes 

Glyc 

Pos. 

Blood platelets 

Glyc. 



Tissne eosinos 

Pos 



Matt cells 

Pos 

Pos 
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GLYCOGEN IN HUMAN BLOOD CELLS 

By Robert P Gibb, M D * and Robert E Stowell, M D 

X TEW IMPROVED histochcmical technics for detecting glycogen in tissues 
-L^ justify reinvestigation of the distribution of glycogen in human blood cells 
Histochemical methods permit more precise observations on the localization of 
glycogen within single cells of different types than are obtained by macrochcmical 
analyses Most investigators have claimed that glycogen is present in only certain 
types of white blood cells The application of improved technics should yield 
facts permitting a better understanding of the metabolism and functions of normal 
and abnormal cells In his recent review of the functions of leukocytes, Rebuck’ 
emphasizes the contributions which histochemical studies have already made to 
the advancement of our knowledge of leukocytic function Furthermore, histo- 
chemical technics should also be explored for possibilities in providing improved 
methods for diagnosis of disease in which morphologic differences in blood cells 
are not easily distinguished 

Therefore, the GomorF and the Hotchkiss’ technics for demonstrating glycogen 
have been applied to the study of glycogen in normal and abnormal peripheral 
blood and bone marrow The results were compared with those obtained by other 
histochemical and by macrochcmical methods in this and other laboratories 
Neukirch* in 1910 noted granular material in polymorphonuclear neutrophiles 
which were stained by iodine and Best s carmine He attributed these granules 
either to glycogen or some closely related carbohydrate In platelets a centrally 
located granule was stained by Best s carmine, but this was not removed by salivary 
digestion lodophilic granules were described in myeloid cells, lymphocytes, plate- 
lets, and megakaryocytes by Stahl, Horstmann, and Hilsnitz in 192.5 ’ In 1941, 
histochemical studies of blood glycogen by Mancini and Cclani Barry* compared 
the results of the Baucr-Fculgen technic with the iodine and Best s carmine meth- 
ods on dried blood films Glycogcn-positivc granules were described in cells of the 
myeloid senes Polymorphonuclear neutrophiles produced the most intense 
reactions Altmann-Gersh freezing fixation revealed larger quantities and more 
regular distribution of glycogen than did chemical fixation ’ Lymphocytes and 
monocytes in all blood films studied in man and in corresponding cells of other 
animals were not observed to contain glycogen Using paraffin sections of periph- 
eral blood and hemopoietic tissue stained with Baucr-Fculgen and Mitchcl and 
Wislocki s* ammoniacal silver technics, Wislocki and Dempsey ’ in 1946 observed 
gly cogen in neutrophilic leukocy tes but not in other blood cells, megakary ocy tes, 
or blood platelets In these investigations absence of the reactions in control films 
or sections exposed to salivary digestion prior to staining was proof that glycogen 
was the substance demonstrated 

From the Department of Patholo^ a^hin^on Universitv School of Media ne St Louia Mo 
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Mateeials and Methods 

Pcnphcril blood and bone marrow films were prepared on chcmicaUy dean cover glaues and were 
air-dned and stored for periods of a few days to four months before staining Storage for penods longer 
than four months usually resulted in a diffuse precipitation on the films during staining but did not 
significant!) alter cellular glycogen content Just prior to staining the films were fixed in absolute alcohol 
from one to two minutes dipped in 95 per cent ethyl alcohol and placed m 30 per cent ethyl alcohol for 
c\vo or three minutes Coating films with ccllotdta was found to be unnecessary 

The first method used to suin glycogco was the chromic acid-siIvcr mctheruminc technic desenbed 
b> Gomon “The oxidation of the glycogen with liberation of free aldehyde groups produced a localiung 
blacL deposit of reduced metallic silver Aqueous saframne was used as counterstam 

The second technic cmpIo}Td was dc\clopcd by HotchLiss^ and differs from that desenbed 
b} Mchfanus*® and by Lillie” “ in that a periodic acid solution buffered with sodium acetate was used 
to liberate the free aldehyde groups frtim the glycogen molecule The films u'crc countcrstaincd with a 
basic dye using either methylene blue light green, or toluidin blue Glycogen stained reddish purple 
A few films were treated mth the Bauer Fcolgcn'* technic for comparison of results Control films ex 
posed forty fire minutes to salivary digestion were prepared with each group of films and each technic. 

Peripheral blood films were examined on 9 normal subjects Morphologically normal penphcral 
blood (11*) and bone marrow films (ii) were studied from patients with carcinoma (5) Lacnnec s or 
rhosisC3) thyrotoxicosis (3) myxedema, nutritional deficiencies, syphilis Hodgkm $ disease Addisons 
disease and hepatolenticular degeneration (Wilson s disease) Peripheral blood films were also examined 
from patients I'lth a \anccy of blood conditions including lymphoid IcuLcmia (9) leukocytosis (8) 
m)’eloid IcuLemia (3) infectious mononucleosis (}) mycosis fungoidcs with eosinophilu (i) aspUitic 
anemia (i) hypoglycemic shock (i) leukopenia (1), and one case each of monoblastic Icuiccmu mono* 
C) tic leukemia pol>c)chcmia thrombocytopenic purpura hemophilia pcrrussis s\^th lymphocytosis 
hjpoplastic anemia and hemolytic anemia ^nc marrow films \vere examined from pauents with poI> 
cythcraia (7) lymphoid leukemia (3) pcmiaous anemia (5) hypoplasuc anemia (4) myeloid leokcmii 
(i) multiple m>xloma (1) and one case each of moooblaitic leukemia reticulum cell sarcoma thrombo- 
C)topcnic purpura agnogenic myeloid mcuplasia Icukemoid blood picture mycosis fungoidcs 't'Tth 
cosino^hiha strongyloidiasis \vich secondary anemia and hemolytic anemia f 

Macrochcmical dctcrrainacions of whole blood were made on the fasting Mood of two normal people 
and a patients with lymphauc Icukcnua The tcchmc employed 'vas essentially that described by Good 
Kramer and Somogyi with slight modifications Following hydrolysis glucose was dctcrmiiKd by 
the method desenbed by Nelson** using the Klctt-Sununcrson photoelectric colonmctcr Yeast fcrmmtcd 
controls were also run Similar glycogen dcfcrminations on leukocytes on the buffy coat of ccntri 
fuged blood were less satisfactory 


Results 

The silver reduction method of Gomon and periodic acid fuchsin sulfite method 
of Hotchkiss produced essentially the same results on normal blood films ^ 
present in small amounts glycogen was more readily observed by the siKcr met 
because of the sharp contrast produced by the black precipitate For t is teas 
this technic was preferred for the study and photography of the cc s 
the nonspecific tinting of the films which occurs with the Bauer ^ J 

It was difficult to study and evaluate the presence or absence o sm 
glycogen Where larger amounts of polysaccharide were 
not differ sigmficantly from those obtained with the Gomon an 
nics Diffuse unnng of extracellular matenal was observed with the HoictiK 

* The nomber enclosed m parenthesis is the nninher of normal Unis-emt) 

t Appreciation is exj^d to Dr Carl V Moore 
School of Medicine for facilitating the obtaining of the clmica 
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technic only in very thick areas of bone marrow films Otherwise the reaction was 
strictly localized in the cellular cytoplasm Light green or toluidm blue counter- 
stam aided visualization of small quantities of glycogen in both the Baucr-Fculgen 
and Hotchkiss technics 

Normal subjects Using the technics described, erythrocytes, normoblasts, and 
erythroblasts of normal blood and bone marrow did not reveal detectable amounts 
of glycogen Megaloblasts* were not identified in the normal films All myeloid 
cells contained significant amounts of gljcogcn with the Hotchkiss and Gomori 
technics Segmented polymorphonuclear leukocytes were most intensely stained 
while the glycogen was decreased in the younger cells as exemplified in figures 1 
and z Not only was there a diminution in the total amount of glycogen correspond- 
ing to the decrease in cytoplasm in these younger cells, but there was also a lower 
glycogen concentration as manifested by a reduced intensity of the histochemical 
reactions Individual identification and classification of the younger myeloid ele- 
ments was not possible, but, by comparison of percentiles of various types and rough 
morphologic comparison of films of the same marrow stained with Wright s stain. 
It was possible to conclude that cells as young as the myelocyte C neutrophiles 
contained moderate amounts of glycogen and younger cells probably contained 
at least slight amounts All identifiable myeloid cells contained significantly detect- 
able amounts of glycogen In the young cells the gl) cogen was present in a finely 
granular form evenly distributed throughout the scant cytoplasm We attempted 
to evaluate quantitative differences in individual pol)’morphonuclear neutrophiles 
After considenng cell matunty, cell size, differences of intensity for a given film 
and for a given area of the film being studied, it was difficult to appreciate sig- 
nificant alterations in the quantities of glycogen in the individual cells of a given 
age Using the Gomori technic, differences were noted in the form and distribu- 
tion of cytoplasmic granules of mature polymorphonuclear neutrophiles The 
glycogen was usually distributed as an almost solid, dense cytoplasmic con- 
glomeration of granules These were frcquentlj so numerous that they ovcrlaj por- 
tions of the nucleus, not uncommonly obscuring most of it Occasional!) the gran- 
ules were more diffuse in distnbution and finer in structure This produced a gray 
coloration to the cytoplasm rather than the jet black which was most commonly 
observed Dense homogenous appeanng clumps of gl) cogen were occasionally 
present with the smaller more diffuse distribution of granules These differences 
were not apparent b) the Hotchkiss or Bauer-Feulgen technics 

Eosi nophilic leukonte s were casil) identified in the sihcr stained films b) their 
t)pical large granules and as is shown in figure 5 were silhouetted in bold relief 
against a black background of c)toplasmic siher stained gl) cogen E osinophilic 
m)eloc)tcs in the bo ne marro w likewise c ontained ghcog en, but in reduced 
amount as described for neutrophilic mscloc) tes These granules were also msu- 
izcd b) the Hotchkiss and Bauer-Feulgen methods, but were not outlined as 
clcarl) Basophilic leukocs tes were not identified 

All hmphoc\tcs observed in films stained deeph with the Gomori technic con- 

* r*ol\*ph\Ictic ttrminolop as employed bj Sabin 




Peripheral blood and bone marrow cells seamed ^vith Gomon s silver mcchcninunc technic ind 
jafraomc coontcrstain Glycogen seams blick 

Fio I — ^Lyinphoc)'Tc eosinophilic lciiLo(^tc two segmented polymorphonuclear ncutrophiles and 
ic\'eral platelets normal peripheral blood film (X 500) 

Fio a — Immature myeloid cells morphologically normal bone marrow (X 12J5) 

Fio 3 — Megakaryocyte with nucleus obscured by glycogen platelets ansing from periphery nor 
mal bone marrow (X 12.15) l j 1 1 

Fio 4 — ^Thrcc lymphocytes and a platelet contaming small imooncs of glycogen l)'mphoi a mii 

bone marrow (X 12J5) , 

Fio 5 — Eosmophilic IcuJcocytc shown m Fig 1 revealing eosinophilic granules an extragra 

Fio 6 —Polymorphonuclear JcnJcocytc myelocyte A and blast cells shomog small araoonn cf 
cytoplasmic glycogen peripheral blood of paaent with acute m>Tloid leukemia . , 

Fio 7 -d poIyBioiphoond^r ncuiroph.k ihowui^^oval 

digestion bc/orL^ Itrongly conntcnuined lymphoid Icntcmu bone m^w Seme nurtow 

Fig 4 CX n.15) 
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tamed glycogen The amounts were small and produced a thin black rim of gran- 
ules around the relatively large nucleus as shown in figure i Occasionally the 
glycogen of the lymphocytes was manifest as a few large granules located in areas 
where the cytoplasm was greatest in amount The quantity of glycogen varied 
directly with the amount of cytoplasm visible The larger and presumably ) ounger 
cells contained, therefore, more glycogen The Hotchkiss method revealed glyco- 
gen in almost all lymphocytes With the Bauer-Feulgen technic glycogen granules 
were present in a few lymphocytes 

All monocytes contained a moderate amount of glycogen, more diffusely dis- 
tributed and superimposed over portions of the nucleus and characterized by 
smaller granules than those of the polymorphonuclear ncutrophiles The carbo- 
hydrate was demonstrable by all three technics 
The three methods employed revealed glycogen in both megakaryocytes and 
platelets In both of these elements the polysaccharide appeared in two forms as 
can be seen in figures i, 3, 4, 8 and 9 A finely granular form was diffusely dis- 
tributed in the cytoplasm and over parts of the nucleus in megakaryocytes and was 
present in the peripheral portion of the platelets In the majority of the mega- 
karyocytes deeply staining homogenous appearing clumps of glycogen overlay a 
large part of the nucleus, and m the platelets a similarly deeply staining centrally 
located clump was present (fig 3) Occasionally parts of this homogenous sub- 
stance in the megakaryocytes stained a deep brown color and blended smoothly 
into the adjacent black material The amount varied from a few small granules to a 
large clump or clumps of glycogen occupying about two-thirds of the cell 
Myelotd Ltukemta Leukemic myeloid cells did not differ significantly from cells 
of similar age and size seen in normal peripheral blood and bone marrow The 
leukocytes observed in the peripheral blood of one patient containing 71 per 
cent myelocyte A cells and 12. per cent myeloblasts showed significant quanti- 
ties of glycogen Figure 6 shows that the glycogen in these young cells was small 
m amount and uniformly distnbuted as fine granules in the thin rim of cytoplasm 
Other formed elements of the blood did not differ significantly in glycogen con- 
tent from similar elements in normal blood and bone marrow 

Lymphoid Leukemia In adequately stained films leukemic 1 ) mphocytes contained 
glycogen The small amount was frequently evident as a few cy toplasmic granules 
as shown in figure 4 These cells vary in the speed of their response to the silver- 
methenamine reaction In weakly stained preparations up to one-half of the lym- 
phocy tes showed negatne reactions In duplicate films stained for longer periods of 
time all lymphocytes observed contained detectable granules Myeloid cells, 
monocytes, and platelets when present contained glycogen granules in amounts 
which did not differ significantly from those observed in the normal 

Monobtamc Leukemia and Monocytic Leukemia Leukemic monocytes contained a 
moderate amount of glycogen similar in distribution to that seen in monocy tes in 

Fio 8 — Multiple mvclomi cclli with moderate amounts of cs toplasmic pl)Cop-n and a platelet with 
a small amount of glv cogen Kme marrow of patient swth multiple nveloma (X 

Flo 3 — Segmented polv morphonuclear ncutrophiles shots mg d-nse co"Ccntratior$ of gh cogen and 
a platelet ssith a small amount of glscogen bone marrow of patient wnth poises th-mia (X 1-15} 
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nomal blo^ films Monoblasts m the bone marrow and pcnpheral blood of a 
patient with monoblastic Icukenua contained a few granules of glycogen m the 
cytoplasm These monoblasts consotated 99 and 94 per cent of the Icnkocytes in 
tnc bone marrow ana peripheral blood films respectively 
Mitlnflt Myelma Myeloma cells were identified m the bone marrow of two 
patients with this disease One film contained 71 per cent and the other 18 per 
cent myeloma cells As shown in figure 8 the abundant cytoplasm of these cells 
contained glycogen in a moderately fine granular form Ihesc patients had not 
been treated with sttlbamidinc and cytoplasmic mdusion bodies of the type de- 
senbed by Snapper" were not present in films stamed with Wnght s stam Glyco- 
gen in leukocytes in film s &om patients with multiple myeloma did not differ 
significantly fitim that observed m similar cells of normal bone marrow 
Infictttms MononucUcsts With the stains employed, it was not always possible 
to differentiate with certainty between the cells of infectious mononucleosis, 
monocytes, and large lymphocytes Glycogen was not visnahzcd m large cells 
morphologically similar to the characteristic cell of mfecnons mononucleosis 
Other cells similar m appearance but presumed to be large lymphocytes or mono- 
cytes contained slight to moderate amounts of glycogen 


Tabib 1 


NcriEtAl SQb}«cU 

WBCAiiro* 

GlTcogczi b wbole Uood 
inmg % 

Glyooctt^ nlillMui 

Ai 

6,xoo 

b 58 

X 06 

Ai 

5,850 

7 

I M 

A3 

5.9V0 

5 49 

0 93 

A4 

6,700 

6 JO 

] 01 

Bi 

6,000 

4 71 

0 79 

Bi 

6,000 

7 58 

1 XI 

I,>iDpb«tk Lnikecua 




Cl 

165 000 

10 47 

0 06 

Dt 

74.850 

3 '9 

0 JJ 


Polycythmta Polymorphonuclear cells from pauents with polyc)themia sum 
intensely Dense homogenous-appearing cytoplasmic clumps of gll^ogen simi ar 
m appearance to those in the normal were present in large amounts m ^ 

morphonuclear leukocytes as shown in figure 9 Piatcicts and ^ . 

reacted strongly The quantity of glycogen m lymphocytes and mon ) 

diff'er significantly from that dcscnlwl m normal cells . 

Other condtttms The formed blood elements from the anemias, 

marrow of the sampling of patients with ^ fdiseasc, cirrhosis, 

hypoglycemia, diabetes, thyrotoxicosis, myxedema. „11 sarcoma, 

thrombocytopeme purpura, hemophdia, caremom^ fungoides, sj-phihs. 
Hodgkm s disease, agnogemc myeloid <l,Spt«iabl) from 

and pertussis contamed amounts of glycogim w c m the bone mar- 

similar cells in normal films Abnormal cells were no 
row films of reuculum cell sarcoma or carcinoma 
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Saliva completely removed the glycogen from myeloid, lymphoid, monocytic 
and plasma cells, and platelets and megakaryocytes as evidenced by the absence of 
reaction with the histochemical technics employed Figure 7 illustrates this re- 
moval of glycogen in lymphocytes and a segmented polymorphonuclear neutro- 
phile in the bone marrow from a patient with lymphoid leukemia 
The results of macrochemical glycogen analysis of whole blood and bufiy coat 
arc summarized in table I Blood from patients with lymphoid leukemia, Ci and 
Di, had dtffcrcntial counts of 4, 96, o and 2 ^ 97, and i per cent polymorphonuclear 
leukocytes, lymphocytes, and monocytes respectively while the mean percentages 
for the normals was yx, 18, and 10 Significant glycogen values of 10 47 mg per 
cent and 3 19 mg per cent were obtained in two cases of lymphoid leukemia 
Following yeast fermentation only traces of nonfcrmcntablc reducing substances 
were present These did not significantly alter the glycogen values obtained 

Discussion 

The histochemical demonstration of greater quantities of glycogen than has 
been previously reported may be attributed in part to the greater sensitivity of the 
histochemical methods used in this study Gomon* has adequately discussed the 
features of his technic which increase the sensitivity over the Bauer-Feulgen and 
the Mitchel and Wislocki ammoniacal silver technics The increased sensitivity 
of the Hotchkiss method may be due to the fuchsin-sulfite which is dccolonzed 
and cleared with charcoal to eliminate the diffuse tinting that obscures small 
quantities of the carbohydrate m the Bauer-Feulgen method Because of the marked 
contrast which the black reduced stiver produced in blood films, the Gomon 
technic is superior for the detection of minute quantities of glycogen in blood cells 
The demonstration of greater quantities of glycogen may also be attnbuted m 
part to the use of blood films rather than tissues prepared by histological methods 
Although glycogen does have a low solubility in alcohol solutions, a small loss 
IS to be expected by washing in the large number of solutions which arc required 
for the preparation of histologic sections Even though these have been reduced 
to a minimum in the methods used, it is not improbable that some loss of glycogen 
still occurs K H Meyer'’ has pointed out that glycogen exists in varying degrees 
of pol)Tncri2ation and the greater the degree of polymerization the less water sol- 
uble IS the glycogen On a theoretic basis the low polymer molecules which arc 
the most readily lost would also be the most difficult to demonstrate histochcm- 
icall) for the concentration of potentially free aldehyde groups would not be as 
great These aldehyde groups are located benscen carbon atoms with free hydroxyl 
groups and their concentration would be proportional to the number of poly- 
menzed glucose radicals As Hotchkiss’ emphasizes, lots molecular compounds 
such as simple sugars, hydroxy amino acids with adjacent htdroxyl and amino 
radicals and substituted inositol compounds can react with the periodic acid re- 
agent, but these arc not normally present in fixed preparations The pentose com- 
ponent of nucleic acids is so substituted that it docs not react with periodic acid 
Ccrcbrosidcs would be expected to react if thet were retained in the preparations 
Hotchkiss belies cs that the principal substances sshich ssould be expected to shoss 
the periodic acid fuchsin sulfite stain in animal tissues arc glycogen, mucin, muco- 
protcin, and prcsumabls hsaluronic acid and chitin Lallic has shown that acidi- 
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M A fi a ” of control tissues should permit the reason 

abl> definite identification of glycogen with these technics 

This discussion has so far ignored the results obtained using iodine stains 
The chemistr) of this reaction is poorly understood and most tavesugiton believe 
that iodine is usually more non-specific and produces more diffuse tinting than does 
the Bauer-Feulgen technic Mancini and Cclani Barry” do not share this opinion 
and have based their conclusions chiefl) on observauons emplojmg iodine staining 
of blood films They did observe greater quantities of glycogen in neutrophilic 
Jeukocj tes than workers using tissue sections prepared b) histologic methods, 
but were not able to observe the small quanaties of glycogen in other blood cells' 
It seems probable that these small quantities of glycogen may be obscured b) the 
diffuse tinting which iodine produces The lodophile granules observed b) Stahl, 
Horstmann, and Hilsnitz” in ncutrophiles, lymphocytes, platelets, and mega- 
karj ocy tes were most likel) glycogen granules Their observations have now been 
confirmed by three histochemical methods, with absence of staining in respective 
control sections The present observations do not agree with the findings of Stahl, 
Horstmann and Hilsnita that glycogen appears in erythroblasts and increases 
with progressive maturity of these cells The bronze coloration which iodine 
produces in erythroid cells parallels the appearance of, and inacases with in 
creasing hemoglobin content and might be mterpreted more as a reaction with 
hemoglobin than with glycogen Although glycogen in erythrocytes his been 
reported by Ellis and Payne** using macrochemical methods it has been denied by 
many other workers (Bridge and Holt,” Van Creveld,** Wagner**) 

These observations of glycogen in cells of the myeloid scries arc in full agree 
ment with the work of Mancini and Cclani Barry ” They do not mention eosino- 
philic leukocytes specifically, but may have included them in their general term 
mjcloid cells Wislocki and Dempsey' reported glycogen in neutrophilic leuko- 
cytes but were unable to identify eosinophilic leukocytes with certaint) in their 
preparations Eosinophilic leukocytes were identified in our preparations (fig -})« 
but not basophilic leukocytes Because myeloid cells which were free from gljcO" 
gen were not observed in normal peripheral blood and bone marrow films, baso- 
philcs, although not specifically idcnuficd, may also contain glycogen 

Because of the intense reactions occurring in the mature pol}'morphonuc Mr 
ncutrophiles with all thtee technics, it was not possible to demonstrate azurop i ic 
or neutrophilic granules in the glycogen preparations The gljcogen was j^en 
in younger cells than those containing neutrophilic granules m rig 
films It was present in larger amounts than might be accounted for if ^ent on > 
in azurophilic granules Granules of glycogen were m all cases 
8T««1« Of a... ..omed w,d. W„|h, . 

a.o r, oo>mopb,l.o loaooc,», plf.. oolb P 

cy,« do ooT coo.... oeono pobo o, ““P*" ' „ 

eraoacs were dcfitutcly oudincd by the eytoplMrajfy^,^ ; ^ Murophilic or 


granules were definitely uuunuwv. ^ , 

fot br^^M^^glFoge^ IS a component of neutrophil. 
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eosinophili c gran ules, rather, it is believed that the glycogen is contained in the 
extra gl^nnT7r r^rnp]p^m- 

Wnght s postulated origin of platelets from megakaryocytes^^ is further sub- 
stantiated by the histochemical demonstration of glycogen in two morphologically 
similar forms in both elements As visualized in figure 3 the formation of platelets 
from the periphery of the megakaryocytes is evident in the preparations 
Contrary to the observations of previous workers, moderate amounts of glycogen 
in monocytes, and small amounts of glycogen in lymphocytes were observed and 
were demonstrated by three different methods This glycogen was also removed by 
salivary digestion The glycogen of leukemic myeloid monocytic, and lymphoid 
cells did not differ significantly in amount and distribution from normal cells of 
the same stage of maturation It was not possible to demonstrate a histochemical 
difference in the content of glycogen in leukemic myeloblast and monoblast cells 
The glycogen content of myeloma cells to our knowledge has not been previously 
reported It will be of interest to compare the glycogen content of normal plasma 
cells with the myeloma cells 

The dense homogenous clumps of gljcogen which were observed in the poly- 
morphonuclear leukocytes of polycythemia were suggestive of increased glycogen 
m these cells Because of the intense reactions which also occur in the normal, it 
was difficult to interpret the significance of this apparent increase Platelets and 
megakaryocytes also reacted strongly Wagner^^ has reported an increase in the 
glycogen content of whole blood and in isolated leukocytes in this disease as de- 
termined by macrochemical methods 

Large mononuclear cells which did not contain glycogen were observed in blood 
films of three patients with infectious mononucleosis These cells could not be 
differentiated with certainty from monocytes and large lymphocytes, both of 
which arc also increased in the blood of patients with this disease Monocytes 
and lymphocytes in the blood of normal subjects and patients with other diseases 
contain gl) cogen These large mononuclear cells were the only Icukocj tes observed 
in this study which did not contain glycogen 

The demonstration of glycogen in l)mphocytcs and platelets docs not agree 
with the results of macrochcmical determinations by Wagner ’’ From studies of 
whole blood and isolated buff) coat Icukocj tes from normal individuals and 
from patients with different types of leukemias, he concluded that the granula r 
Icukocjtc IS the onl) carrier of gl) cog en in whole blood H e also stated chat 
l>mph^3tcs, blast dells, and platelets do not contain an) measurable amounts of 
gl) cogen The experience obtained in the present scud) with a method of gl) cogen 
determinations comparable to that cmplo)cd b) Wagner corroborates his findings, 
that the values obtained would not indicate a significant!) measurable amount of 
gl\ cogen in l)mphoc\tcs It should be stressed, however that the wide variations 
in normal values which he obtained, i 3. to 16 z mg per cent in 4Z determinations 
on iS normal individuals, might indicate a wide range of error in the method 
Wagner found 10 9 mg per cent and 14 4 mg per cent whole blood glv cogen in 
two patients vv ith chronic 1) mphatic leukemia and blood diflerential counts show- 
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g loo per cent IjmphMjtes Although these glycogen values are wthin the 
normal range and m.ght be attnbuted to granular leukocytes present in quantities 
less than i per cent of the differential picture, the slight increase in glycogen could 
well be correlated with the increased number of lymphocytes OnI> a more ex- 
tensive study of the gl)cogcn content of the blood of patients with lymphatic 
leukemia would reveal if this is a significant increase The authors believe that 
the methods now available for the macrochcmical dcccnninations of glycogen arc 
not sufficient!) delicate to quantitatively measure this substance in the small 
amounts which arc demonstrable histochcmically It is evident that the number of 
l)mphoc) tes (fig 4), platelets (figs t and 3), or blast cells (fig 6) which ivould 
contain the equivalent of the amount of glycogen present in one pol)'morphonu- 
clcar Icukoc) te is very large, possibly a hundred or more 


CoNCLOSIONS 

Three different histochcmical methods were applied to the study of gl)cogcn in 
normal and abnormal peripheral blood and bone marrow films The technics cm 
plo)cd were the chromic acid-silvcr-mcthanaminc procedure of Gomori, the 
periodic acid-fuchsin sulfurous acid technic of Hotchkiss and the Baucr-Fculgen 
stain Control sccuons were treated with saliva to remove the glycogen 

Large amounts of glycogen were demonstrated in the cytoplasm of polymor- 
phonuclear, mctamyclocytic, and myelocytic neutrophilic leukocytes and in jhe 
extra granular cytoplasm of eosinophilic leukocytes in fil ms, from normaljn— 
dividua^ Megakaryocytes and the cytoplasm of monocytes contained moderate 
araountT of glycogen, and platelets and the cytoplasm of lymphocytes smaller 
amounts 

Examination of peripheral blood and bone marrow of patients with a variety of 
hematologic, metabolic, and infectious diseases faded to reveal significant dif 
ferences in glycogen content from the normal with the possible exception of pol)- 
cythcraia in which a suggestive increase in cellular glycogen was observed in 
polymorphonuclear leukocytes, platelets, and megakaryoc) tes A moderate 
amount of glycogen was observed in multiple myeloma cells Large cells in patients 
with infectious mononucleosis did not stain for glycogen 
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ALKALINE’ PHOSPHATASE 

DISTRIBUTION IN NORMAL HUMAN BONE MARROW SMEARS 

ByM Rabinovitich AND D Andredco, MD 

j^KAUm ' phosphatase activity was studied histochenucaUj in normal 
X X. and abnormal human blood and bone marrmv smears (Wachstcin') after 
covering them with an alcohol-ethcr-cclloidin solution for a few seconds In a 
preliminary note we’ reported the distnbution of acid phosphatase m bone 
marrmv smears after fixation in chilled acetone Rhcmgold and WislocLi’ reported 
on the localization of both phosphatases in smears and imprmts of bone marrow 
after fixation in chilled So per cent alcohol Preliminary wort to determine the best 
fixation procedure led us to the conclusion that formol-vapot gives the best cyto- 
logical preservation for both phosphatase technics In this paper we desenbe 
the distribution pattern of both phosphatases in normal human bone marrow 
smears using this method of fixation 

Materials and Methods 

Bone nurroT\ smears srere obtaioed by stcnul puncture from 17 normal pregouii women and } adult 
men mthout bemaiolo^c disorders The smears were made on slides, rapidly dned in sir and stored m a 
sulphnne acid desiccator until the tune for frxaaoo In most instances they were subjected to the phos- 
piurise methods 1-3 da) s after this puncture,* 15-30 day old slides yielded the tame results but after two 
months storage a distinct reduenoo m acuvtty wras obsttred espsaally of the acid phoiphatase 
actisity The methods used were those reported by Gomori* * but somewhat modified by Wachvtein* 
and ourselves ’ 

For the aUalioc phosphatase technic the following incubation nuxturc was uied water, to ml , 

6 per cent barbital buffer (pH 5 0-5 3), 5 ml a per cent s^ium glyccrophoiphatc (50 per cent alfa May 
and Baker), a ml a per cent calcium nitrate a ml and i ml of a 0.1 per cent magnesium sulphate solo 
tion Slides were incubated from 10 to ao hours at 37 C, then treated according to Wichittin ’ with doc 
consideration for the cnncil uming studied by Danielli ‘ Controls were run by omitting the glycero- 
phosphate solution from the incubation mixture , 

For the acid technic the incubation miitute tteatmeut and controls were the samr asihoi- 

in our previous note • Incubation periods were from to to ao hours ot more fricobatioo atp J a 
the tame results at at pH 4 a. Diluuou of the incubation nuiture (r 3 or i 4) did not incctfae so 

Chfict «/ jixatms The foliownng fixatives produced an lotense or total inactivaiioo 
rases after incubation for to hours Osnuc acid vapor for a minutes then wash for 3° ^ 

soluuon for 30 minutes then wash 15 minutes, methyl alcohol for 4 mmutes then « P 
following fixation methods peeserved activity of both phosphatases acetone at 4 
svash a few seconds trcatmcntaccordingwWachstem' to per cent formol saline on) ^ j j 

for 15 minntes.t formol vapor for 3 minutes at 44 C, then stash in ninning waecf or — 

From the Department of Ofaittttics and Department of Histology and Erabcyolog) 

Mcdicioa da Umvcrsidadc dc SSo Paulo S 2 o Paolo, Btaail results 

• Smears fixed 15 minutes 3 la or a4 hours after the puncture )iel ' ” 
t Washing for too minutes under the tap did not alter the res^ta eiptciallv of the 

t Fixation for 10 minutes resulted m distinct inhibition of eoay^^^ 
alkaline eazyiac In the later sages of this investigatioo^ ^ "l^itcnsion 0! the moibation presod 

technic the greater inactivation so pcoduced was conuCTO^ ^„/neniraliied formaldch)d. 

5 Fixation in a closed vertical Caplin )«r conamms * tw drops 
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In xddition to these i per cent formol in 50 per cent alcohol for 5 minutes then wash for 15 minutes 
and alcohol sublimate 0 part absolute alcohol and i part saturated aqueous sublimate solution) for 30 
minutes then wash for 15 minutes inactivated the acid but partly presTV^-d the ailtaline phosphatase 

reaction 

Ten per cent formol saline best preserved the enayme activity of both phosphatases The most satis 
factory cytologic preservation in both methods was obtained by means of the formol vapor fixation and 
It was therefore the fixation procedure used throughout this study 

The photomicrographs svere obtained from the richest and best preserved sm*ars from cells whose 
nuclear pattern most nearly approached that obtained by means of the best fixation procedures with the 
usual hematologic stains They do not therefore represent the commonest pattern observed 

The termmology used is that of Ferrata,^ slightly modified with regard to the red cell series, in which 
we considered early and late etythroblists 


Observations 


Actd" Phosphatast 

About 140 slides were studied and of these 110 had been fixed by means of formol 
vapor On the latter, 70 were considered good ones Slides from each case were 
incubated on at least two different occasions 

General data An evident correlation between the intensity of the reaction and 
cellular richness of the marrow material was found, but slight qualitative dif- 
ferences between slides were also observed In some of the slides a dark extracellu- 
lar precipitate occurred, which did not disturb the examination of the smears 
The background in smears fixed by formol saline or formol vapor remained un- 
stained, but after acetone fixation or Wachstcin s treatment, it assumed a brownish 
color (extracted enzyme?) With incubation periods of about 10 hours the struc- 
tures positive for acid phosphatase were distinctly stained and extension of the 
incubation periods (up to 33 hours, for instance) brought only a deeper stain, the 
qualitative picture remaining the same (sec fig 11) 

Nuclear pattern generally approached that obtained with hematologic stains 
and Fculgcn s method, and in the best preserved smears conformed almost exactly 
to that pattern When this occurred, a negative ground cytoplasmic reaction was 
observed in the granulocytic and in part of the red cell scries These were con- 
sidered the most reliable acid phosphatase reaction pictures We therefore will 
not describe the nuclear pattern of the best preserved smears The intensity of the 
nuclear stain of the granulocytic and red cell senes increased as maturation oc- 
curred parallel to what is observed with the Fculgcn reaction 

Nonspecific granules were negative, appearing on the nuclei of immanirc cells 
(figs 1, 1, 3) * Specific neutrophilic (figs 2., 3) and eosinophilic granules (fig 4) 
reacted, although the former presented a variation in number and intcnsitj of 

* The nonspecific granules referred 10 here are light areas in the basophilic cytoplasm oscr the nuclear 
area and hc)ond the nuclear membrane as seen in dry smears They represent the negative images of ejeo- 
plasmic organoids — chiefly mitochondna Depending upon their location they conmbute to sshat 
hematologists have called hyaloplasm and parachromatin (Seejon-s O P Blocxl y 567 193S ) In a 
personal communication from M Rahinositch he mote or less agrees ssith this interpretation It s-ems 
that the term nonspecific granule should not be used for the negative images of organoids b-cause the 
various a urophilic granules have b-cn considered as nonsp-cific in contrast to the sp-ciftc granules 
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staining This variation was observed only in matcnal fixed by fonnol vapor, and 
in this particular case we could not blame fixanon tune, incubation period, or the 
intensity of the reaction 
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In other shdes nuclear panem was somewhat oW yh.s was 

that referred to above, although it did not preve 
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cspeaally true for mature neutrophils and erythroblasts, where the block 
nuclear pattern became indistinct In a few slides, nuclear pattern was thread-like 
sunilar to that observed after acetone fixation In these slides a slight to moderate 
cytoplasmic reaction of neutrophils and erythroblasts was observed, but other 
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’^iioa of Fs^ // — Quck marrow smear showing the local 

the positive reaction on granules within eosinophilic ones Note the negatis-c reaction 


■'vcrc coincident with the best prcscr\cd smears Mitotic chromo- 
^4) reacted strongl), in contrast unth a negatne or slight!) reacting 

^nted cr) throblasts, l)'mphoc) tes, plasmac)tes and megakar) oc\ tes pre- 

^aJized C)topIasmic reaction that be described below 
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Granulocytic senes Apart from variations in the staining intensity and number of 
neutrophilic granules referred to above, the general points were constantly en- 
countered in well preserved smears Cells of the eosi nophi lic senes gave a con- 
spicuous and constant reaction on specific granules — so much so that nuclear detail 
was sometimes obscured It was difficult to recognize basophil leukocytes in our 
normal matenal Cells of the granulocytic senes are illustrated in figures 1-4 
Red cell senes The general nuclear and cytoplasmic reactions were like those 
mentioned previously In early erythroblasts localized zones of cytoplasmic reac- 
tion were frequently apparent (figs 5-7) There was generally one of these zones 
but sometimes as many as three were encountered These zones, which were fre- 
quently juxtanuclear in piosition and well delimited, were either irregular m shape 
or presented a number of closely arranged granules or rods, but their reaction was 
occasionally homogeneous Mature red blood cells did not give a positive reaction 
Lymphocytes The nuclear pattern displayed by the reaction in lymphocytes was 
similar to the characteristic picture obtained with the usual hematologic stams 
There were frequently one or two, and sometimes up to five cytoplasimc zones of 
reacuon Two general results were noted, in one type, the reacting zone was simi- 
lar to that of some erythroblasts by being homogeneous and poorly defined, in 
the other and most frequent type the reaction was granular in nature Sometimes 
granules were located on a small zone of reaenng ground cytoplasm The zones were 
frequently juxtanuclear in position, encircling the nucleus when 3 or more in 
number (figs 8-10) 

Plasmacytes Nuclear pattern of plasmacytes was frequently more homogeneous 
than after common hematologic stains The cytoplasm was frequently vacuolated 
and of indistinct contour, in most instances, on a moderate ground cytoplasmic 
reaction, there were up to to small distinct, strongly reacting granules (fig 11) 
In rare instances an entirely negative cytoplasm was found 
hdegakaryocytes They presented a strong nuclear reaction with the usual pattern 
In the cytoplasm of all elements there was a large, finely granulated strongly reac- 
ting zone with indistinct boundaries This cytoplasmic zone was frequently juxta- 
nuclcar in position and it occasionally covered the nucleus The remaining c} to- 
plasm stained very lightly and its limits were not well marked (fig 13) We did 
not observe well preserved platelets in the normal marrow material, therefore no 
ttfrrcnce is made to them 

Some cells that could not be identified with certainty, presented zones of cyto- 
plasmic reaction similar to those of erythroblasts or lymphocytes (fig 12) 

Alkaline Phosphatase 

One hundred and eighty smears were stained, about 50 being fixed in formol 
^por Results obtained were less satisfactory than those of the acid technic 
n y about 40 per cent of the stained slides were considered good, with appre- 
* Ic reaction on elements poor in the enzyme A correlation was evident in the 
^amc material bersveen the intensity of staining and incubation period, but com- 
^*bly rich marrows presented unexplained dilfercnccs in reaction intensits As a 
^ t\ tolopic presets ation was not as good as that obtained by the acid tech- 

ttr occasionallj ob5cr\cd in Ixishnun suincd smears Ftg — Immamrc cell showing 

> r^Jitux nucleolar reaction after Wachstcin s method Note wcaLlj positnc nucl-ar reaction of 
forms 
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me Occasional!) , cell fragmentation was encountered After Wachstcin s treat- 
ment, nuclear reaction was frequently negative, especially m crythroblasts and 
neutrophils (ng iq). but the reaction was predominantly nuclear after formol 
fixation Nuclear pattern was more homogeneous and blurred than that obtained 
with common stains and Feulgen reaction Frequently especially m the neutro- 
philic senes and erythroblasts, a finel) granular pattern over a diffuse and homo- 
geneous nuclear reaction was present Both in granulocytic and red cell senes the 
intensit) of nuclear reaction was somewhat parallel to cell maturation Cytoplas 
mic reaction was general!) negative, except m part of the neutrophils and stab 
forms, and in plasmac) tes Nonspecific and specific neutrophilic and eosmophihc 
granules did not stain Nucleoli reacted almost constantly (fig 15) They were 
quite evident in immature cells but because the intensity of their reaction in prom) 
eloc) tes was not set) different from that of the remainder of the nucleus they were 
rarcl) demonstrated in these forms After Wachstein s treatment and formol 
saline fixation, nucleolar reaction was very conspicuous and constant against a 
less intense nuclear stain (fig zq) parucularl) in the eosinophilic and red cell 
senes Mitotic figures were also positive (fig Z3), although chromosome preserva 
tion was inferior to that obtained b) the acid technic 
Granulocyttc strtts In agreement with Wachstcin s report,* strongly rcactmg 
mature neutrophils and stabs were found in our normal matcnal (figs 16 and 17) 

In the majority of instances the nucleus and cytoplasm alike stained strongly so 
that nuclear details were entirely obscured, in other cells the reaction was only 
nuclear No estimation of the number of strongly reacting neutrophils was made 
This intense reaction on part of the neutrophils was evident in all slides, even m 
the poorest or least stained, where the remaining cell elements stained shghtly 
In the eosinophilic senes, reaction was nuclear in locauon, no staining of the 
granules was ever observed (fig 18) 

"Kti cell senes Er) throblasts stained strongly in the nuclei, and in the best^ 
served slides they presented a nearly negative cytoplasm (fig zo) In 
where nuclear pattern was less precise and more homogeneous, a slight to m crate 
c) toplasmic staining could be observed Mature red blood cells did not stain 
Plasmacyte senes and lymphocytes Plasmacytcs presented an homogeneous nuc car 
reaction (fig zi) and in addition had a strongly reacting and homogeneous 
plasm Lymphocytes presented only nuclear reaction, their identi cation 
generally difficult in view of the uniformity of the nuclear pattern 

Megakaryocytes A strong and rather homogeneous rcacuon ^ 

mcgakaryocytic nuclei Frequently 10 or more nucleoli were c ea ) ’ 

especially after Wachstein s treatment and formol saline fixation P 

gave a moderate reaction (figzz) As platelets were not observed in good preserva 

non, we refrain from commennng on them 

Discussion 

The Methods j u, t unn * This author 

Present status of the alkaline method was well jpccificit) of 

has confirmed and extended ptevious observations, supporting 
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the method Two points among others arc significant (i) A negative reaction 
docs not indicate the absence of the cnzjmc, (i) a slight diffusion of the enzyme 
can occur, thus hampering the interpretation of images on the cytologic scale 
We think that under the conditions in which this work was performed the second 
possibility has been reduced to a minimum 
The specificity of the acid technic has been recently strongly criticized, at 
least for nervous tissues (Hcinzcn,® Lassck,*” Bartclmcz and Bcnslcy'*) Lison* 
emphasizes the necessity of a revision of the conditions of the reaction 
Results from this laboratory'* tend to prove the specificity of the acid technic, 
for constant agreement has been obtained between chemical and histochemical 
data (frozen liver sections), in regard to the action of fixatives, the histologic 
procedure, the effect of temperature, and the inactivation by known enzyme in- 
hibitors (NaF, NHjOH) 

From the present work we concluded that formol vapor fixation is the proce- 
dure that gives the best cytological preservation for both phosphatase technics 
without extreme enzyme inactivation In a cytologic study such as this, we think 
this IS a very important point Fora discussion on the best histochemical fixation 
procedure we refer to Lison 

As can be seen in the observations, the acid method gave more satisfactory 
and constant results than the alkaline In the application of both technics we 
have confirmed the fact already established by Wachstein' for the “alkaline 
method, namely, a correlation between intensity of staining and cellular richness 
The reason for this is unknown to us, but cspcaally for the acid technic, the 
faint reaction of cells (particularly tf poor in the enzyme) in poor matcnals could 
be partly overcome by extending the incubauon period It seems interesting to 
note that Fell and Danielli*’ in their study of alkaline phosphatase distnbuuon 
m experimental wounds pointed to a somewhat similar relationship mitotic 
chromosomes gave a stronger reaction where the mtensity of staining of the sec- 
tions was high and the inverse was true where the rate was low Although in this 
case we cannot exclude the possibility of diffusion, as pointed out by Lison,® 
we do not think that this occurs in our case, for we generally studied isolated 
cells and the intercellular background was not stained 

Gtncral Htstochtmtcal Data 

We shall adhere to general results on blood and bone marrow cell reaction, the 
staining of specific granules being considered under a separate heading No thor- 
ough attempt will be made to review all papers m which incidental reaction of 
leukocytes was noted 

Actd fhosfhatasc Gomon* working with smears and sections evinced the 
negauvity of all blood cells of all species studied, although round cell infil- 
trates around strongly posiave areas showed some staining (diffusion?) Al- 
though Wislocki and Dempsey'® stated (p 2.54) they have studied bone marrow 
sections incubated at pH 5 o, they do not specify the results so obtained In a 
previous note* we described the distribution of acid phosphatase m acetone 
fixed bone marrow smears Rheingold and Wislocki* summarily reported results 
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obtaiMd on monkcj marrow smears and impnnts after 8o per cent alcohol fixa- 
tion They noted the predominantly nuclear reaction ofaUceU senes and a brown 

ish granulation in the cj toplasm of myelocytes, in addinon to difi-usc nuclear 
and C) toplasmic staining A vanable staimng for aad phosphatase of ussne 
]>'mphoc}tes has been noted bj vanous authors (for instance Wolf ct al i' Wis 
locLi and Dempsey”) ’ 

We have confitmed and extended the results summarized m onr previous note,’ 
but in view of the improvement of the results brought about in the fixation proce- 
dure and the extension of the matcnals, some points are to be modified, namely 
the positivit} of nonspecific granules (sec previous footnote) was not confinned, 
neutrophilic grannies stained, although vanably, nuclear pattern, contrary to what 
we stated for acetone fixed smears, in the present material approximated that ob- 
tained b^ the Feulgcn reaction The progressive tendency to assume this pattern, 
verified bj the use of progressively better fixation procedures led ns, perhaps 
somewhat arbitranly, to assume that this pattern probably condiaons the most 
reliable figures of enzyme distnbution, that was the startmg pomt for our desenp- 
tion 

Alkaline phoifhatase Gomon‘ referred to the posiovity of arcnlaang blood 
granulocytes both in smears and sections In 1^3 the same author” noted a nega- 
tive reaction of human leukocytes as observed in normal lung sccoons Bourne” 
stated that nuclei of all marrow cells gave a positive reaction m sections, and that 
there seemed to be a greater staining in the prtmiDve granulocytes than in the 
primitive red cells Fell and Danielli” desenbed intense cytoplasmic and nuclear 
reaction of neutrophils and nuclear reaction in migratmg monocytes and lympho- 
cytes in experimental wounds of the rat WislocLi and Dempsey,” using monkey 
bone marrow sections stated that the reaction was spotty, seemingly involving 
cells in the neighborhood of blood vessels rather indiscnminatcly, instead of being 
visibly localized in any specifid cell type 

Wachstein,* working on blood and bone marrow smears after treatment by an 
alcohol-ether-celloidin solution noted nuclear and/or cytoplasmic rcacuon of part 
of the neutrophils, the remaining cells being negative Apphed to b° ne m arrow 
smears the technic was not as satisfactory as to blood smears Not inficqucn y 
uneven staining was observed Groups of cells showed activity whi c a s 
type of cells, when more isolated in other fields, appeared to be cvoi o 
phatase Occasional nuclear staining of red cell senes and late neutrop i ic 
were noted Megakaryocytes were, as a rule, negative 
Rheingold and Wislocki’ studied alkaline eranu 

tions and impnnts of the rhesus monkey bone marrow, it was 
locytic senes, especially in myelocytes, diffusely «d 

p^ and nuclei Nucleated red ccUs did not stain Cytoplasm of ga ty 

showed a faint diff’use staining cellular nehness and 

We agreed with Wachstein' on some correlation ^ com- 

staining intensity, although with ^ j seemented neutrophils 

pared aad oa d,c .a.raac scarnare of par* of ■!« 
a. .a many well paraerved Si». all <«llal>r 
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With the formol vapor fixation we could extend Wachstem s* observations and 
detail them in the cjtologic plane 

We agreed with Rheingold and Wislocki’ on the positivity of granulocytic and 
megakaryocj'tic senes but could not confirm the negativity of the red cell series 
Probably differences in the fixation procedures used can explain this disagreement 
The apparent discrepancies between results obtained by both phosphatase 
technics in smears and sections arc probably due to the great inactivation of 
both enzymes, particularly the acid one by fixation and by histologic pro- 
cedures ’ ” 

The Reaaion of Cell Granules 

The constitution of specific granules is reviewed by Neumann*’ for the early 
literature Jones** and Rheingold and Wislocki* reviewed part of the recent prog- 
ress in this field This work tends to prove that neutrophilic granules contain 
acid phosphatase — apart from the irregularity of the reaction — and do not give 
the alkaline reaction The positivity of neutrophilic granules to the acid 
reaction was only apparent after formol fixations, the reaction being negative 
after Wachstcin s treatment or acetone fixation Unfixed slides also displayed a 
positive reaction on neutrophilic granules Rheingold and Wislocki s* brownish 
granulation in myelocytes possibly represents reaction of specific granules A 
positive reaction of neutrophilic granules was also found in frozen sections of hu- 
man placenu treated by the acid technic Cmcubation penod, 3 hours) 

We confirmed our previous work* on the positive reaction of eosinophilic 
granules for acid phosphatase, such reaction was evident after Wachstem s 
treatment, formol and acetone fixations These granules were negative for alka- 
line phosphatase The positive reaction for acid phosphatase does not agree 
with previous work by Dempsey and Wislocki'* and Wislocki et al ** on sectioned 
matenal Rhemgold and Wislocki’ do not specify if the brownish granulation 
of myelocytes represents the reaction of eosinophilic granules The negative 
reaction of these granules for alkaimc phosphatase agrees with previous re- 
ports' ’ 15 w but does not agree with the report by Dalgaard and Dalgaard** 
on the positive reaction of granules of eosinophils m the intcstmal mucosa of the 
rat It is possible that differences in the technics used may explain this discrepancy 

Unpublished results from this laboratory have also shown that rat bone marrow 
eosinophils, giunea pig eosinophils and pseud oeosmophils and chick eosinophils 
Cwith regard to their staming reaction) give the aad reaction on their granules 
In chick granules Cboth round and fusiform) the reaction is confined to a central 
or ccccntnc well defined point (fig 15), this localization closely resembles that of 
fuchsmophilic granules described within avian eosinophilic ones by Ona*’ m this 
laboratory 

The posmvity of tissue basophils for alkaline phosphatase was reported by 
previous authors,’* ** *“ ** as well as that for the acid techmc > i» n 
Since we could not identify basophils m our normal marrow material, we could not 
extend this to bone marrow elements 
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The Positive Reaction of Msiotic Ftiurts 

Kzction (mitouc chromosomes) in bone 
marrow cells agrees with previous work on vanous materials » -» “ »i> h 
A cid reaction of mitotic chromosomes has also been already desenbed » « 
dcohX^°*^ authors worked on sections of tissues fixed in acetone or So per cent 


Reaction of Nucleoli 

This work confirms that of others on sections of vanous ussues, as to the posi 
tivit) of nucleoli for the alkaline phosphatase technic •* “ >» The 

negative reaction of nucleoli for the acid technic docs not agree with the find- 
ings of W achstein,*® Bartelmez and Benslcy,^' Sulkin and Gardneiat on nervous 
and hepatic tissues, and others It is possible that these results were conditioned 
by the fixation procedure It is of interest that in bone marrow smears fixed in for 
mol saline occasionally there is a positive nucleolar reaction for aad phos- 
phatase The point is being investigated further 

The Negative Red Blood Cell Reaction for Acid' Pbosfhatase 

This ncgatisc red blood cell reacaon is striking in view of the known nchness 
of red blood cells in this cnzyunc It was observed after the vanous fixation pro- 
cedures had been used It may be that the enzyme is in the lyoenzyme form, and 
is extracted in the fixation procedure, or that the negative reaaion is due to the 
nonpenetration of the ions used in the method In chick s mature red blood cell 
acid phosphatase was localized exclusively on the nucleus (fig 15) This agrees 
with chemical data of Dounce and Scibel 


Acid" Phosphatase Reaction of Cytoplasmic Zones of Lymphocytes, Plasmacytes, and 
Etythrohlasts 

Lymphocytes The reaction, although not constant, strikingly suggests the a^ 
pcarancc of the Golgi zone of lymphocytes as desenbed and pictured by Richw 
Compare, for instance, his figures 31, 33, 34, and 35 with our figures 8, 9, an 10 
This would be another example of reaction of the Galgi xoae for a 
aad phosphatase that has been desenbed” ” ” ”* ® vanety o 

In the last paper, Deane"* stated that the same fact was found in ' 

phonuclear leukocytes, but did not give any detail These 
possible functional significance of the phosphatase ‘ . malignant 

«„ou, .,»«=. P.I« J .« . cyochcmcJ f ,"TpZ 

mast cells, desenbed and illnsCtated positive lOites ” j it 

phatase teaction and mtetpteccd them at the Golgt a^sata 
I tempos to telate ,t to the ptobable glob*. s,.to ‘P 
instance. White and Dougherty^O A study of lymphocytes gn 
processes should be of interest . docs 

Plasmacytes The cytoplasmic traction of ’ {,„ pstablc" and fay 

not fit the dcscnption of the Golgi apparatus “ P await further 

Ito,” both worUng on sections The results we report. 
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interpretation It is of interest that plasmacyte cytoplasm gives a strong reaction 
for both phosphatases as these cells have a cytochemical organization pointing to 
intense nucleoprotcin metabolism and protein synthesis 

Erytbroblasts There is a striking similarity between some of our figures (for 
instance, fig 6) and those of Jones'^ of the so called hyaloplasm of primitive 
erythroblasts after various staining procedures (see, for instance, his figs 6, 9 
and II, plate i) Hyaloplasm was shown by this author to represent negative im- 
ages of mitochondria and probably of the Golgi element Our figures do not coin- 
cide entirely with Cowdry s^‘ (his figs 10 and lo, for instance) of the Golgi ap- 
paratus of erythroblasts of guinea pig marrow Unpublished work with F T 
Mendes has shown that promegaloblasts and part of the basophilic mcgaloblasts of 
megablastic anemia marrow present conspicuously reacting cytoplasmic zones 
similar to those of early erythroblasts 

Concluding 'Remarks 

The essennally qualitative results obtained by means of the phosphatase tech- 
nics do not permit us to relate our results with any certainty to the qualitative 
ones on thymonucleic acid,^* nbonucleic acid (see White^’), and to the quantita- 
tive data on nucleoproteins and proteins of Thorell The similarity of the acid 
phosphatase — and to a certain extent also of the alkaline reaction — nuclear 
pattern to that obtamed after Feulgen s stain is suggestive in this connection 
Eelationship of phosphatases to nucleoprotcin metabolism was suggested by 
Bourne,'* Bodian and Mcllors,** Dempsey and Wislocki,** Moog*' and others 
More recent work by Bracket and jenner,** on the parallel between intensity of 
alkaline phosphatase staining of nuclei of various tissues and turnover of thymo- 
nuclcic acid phosphorus, and by Montalenti and De Nicola,** on the correspond- 
ence between alkaline phosphatase nuclear distribution and Feulgen s reaction 
of gonads of crustaceans, strongly points to that relationship 
The possibility that phosphatases pamcipate in other metabolic lines has also 
been pointed out by some of the first mentioned authors Chemical determination 
of at least the alkahnc phosphatase activity if coupled with cellular content 
estimation of bone marrow should be of value and could be related to chemical 
data on nucleoproteins such as that of Davidson ct al ** 

Summary 

I Three minute fixation in formol vapor at 44 C, followed by 15 min ute wash- 
ing proved to be the most satisfactory fixation procedure for both acid and al- 
kalme phosphatase technics as applied to bone marrow smears 

a. For both technics a rclauon between staining mtcnsity and cellular richness 
was found 

3 The reaction of normal human bone marrow cells to both phosphatase tech- 
nics IS desenbed Both are predominantly nuclear in locaaon Nuclear pattern 
approached that observed with common staming methods and Feulgen s reaction 
Cytoplasmic reaction was nearly negauve Nonspecific and specific granules do 
not stain after the alkaline technic Nonspecific granules arc negative for acid 
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phosphatase, \shilc specific neutrophilic arc variable, and eosinophilic, constantly 
positnc Nucleoli arc negative after the acid technic, being positive for the 

alkaline cnztinc Mitotic chromosomes arc positive for both technics Acid 

phosphatase reaction in cytoplasmic zones of ly mphocy tes, ery throblasts, plasma 
C) tes and mcgak.ar}oc)tcs, is described 
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PRODUCTION OF CHARCOT-LEYDEN CRYSTALS FROM EOSINOPHILS 

WITH AEROSOL MA 

By Commander W W Ayres, MC, U S Navy 

C HARCOT-LEYDEN crystals V7crc first dcscn bed in 1853 by Charcot,* and again 
in 1872. by Leyden ’ They still remain enigmauc structures, and there are 
many conflicting reports in the literature as to their nature and significance Their 
chemical nature is undetermined and there is considerable quesuon as to whether 
they may be formed from normal blood Thus, Liebreich’ stated they may be 
produced from every normal human blood Also Neumann'* was able to produce 
them in normal blood On the other hand, Thompson and Paddock*’ in a study of 
the blood of 100 routine hospital admissions found no Charcot-Leyden crystals 
There is also considerable question as to whether all eosinophils are capable of 
forming crystals and whether they are specific for eosinophils Schwarz* stated 
that the crystals are not an essential component of the eosinophil, since they could 
not be produced from the blood of all patients with eosinophilia Again there are 
reports of the presence of crystals in the absence of eosinophils Up to the present 
tunc there has been no method by which the crystals could be produced with cer- 
tainty from eosinophils 

It is known that the crystals usually occur in association with eosinophils and 
that they arc remarkably resistant to certain deleterious influences Harason' 
has isolated the crystals in pure form from minced leukemic spleens contaimng the 
crystals The crystals have been desenbed in a diverse number of diseases In the 
sputum of asthmaucs, in'leukcmic blood and tissues, in allergic nasal polyps, in the 
blood and tissues of patients with pcnartentis nodosa, in the feces in amebiasis, 
in the feces in helminthiasis, and in the bone marrow of sickle cell anemia The 
crystals appear limited to pnmates, there is only one questionable case in which they 
were reported in the blood of a frog 

The purpose of this paper is to present a method by which Charcot-Leyden 
crystals may be produced rapidly and with certainty from eosinophils by means of 
Aerosol MA*, and to show that the crystals may be produced in the blood of a high 
percentage of normal persons and routine hospital admissions 

Method 

Four ind one h»lf cc of blood obuined by veoipuncturc is mixed with o 5 cc of 3 8 per cent solution 
of sodium attate The blood 1$ centrifuged and the buffy coat is removed by means of a capillary pipet 
Two separate drops of this buffy coat are placed on a microslide One of the drops is covered with a 
cover slip containing Aerosol MA and the other drop with a plain cover slip According to Beeler • 
Aerosol MA is dihexyl sodium sulfosuccinate It is a homologue of Aerosol Alf Aerosol IB and Aerosol 
or and is a commercially pure white wailike compound which is somewhat hygroscopic The solu- 


This arucle has been released for publication by the Division of Publications of the Bureau of Medi- 
cine and Surger) of the United States Nasy The opinions and views set forth arc rhose of the author and 
not to be considered as reflecting the policies of the Navy Department 
•American Cyanamid Co 
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CHASCOT-LETDEN CRTSTAIS 


bilit7it54 3gratn, prrioocc of water at 150 It hw been uted as a wetting agent, emnlnfrinf: arat 

and detetgent Aermol MA it nibbed over abont half of the mtfacc of the cover ihp. nie^^ nature 
of the compound pennin it to adhere rcadilj- to the sutface. Tbc cotxr thpt are mnined with petroUtnm 
Md the pteparatiOT it placed m a moitt chamber to prevent drying It 11 obtaved cveip twenty-foor hoort 
lOTScrm dap and the pccKoccorabicncc of Charcot Leydeo crptaJi recorded 

The red edit conumtd m the buffy coat lyjc imjncdiatdy on appheanon of the cover ihp cootainmg 
Acrotol MA, at do moit of the lentocytci The grannies of the cosinophilt and the Chareot Leydm 
crystals do not lyse The edit m the control peepatanont ihow little or no lytii for tcveral dayt, and then 
at a result of bacrcnal growth In the Actorol MA p r epa rations Charcot Lerdcn rrj w,!, form snthin a 
few minntcs to several hours while 10 the control pteparattoos an appreciable number of crystals do not 
form for sevent) -two hours 


rennanent preparations may be made by removing the cover slip with a shdiog moQon, drying in air, 
fixing for one minute with absolntc methyl alcohol, and staining with the usual hcmatoxylm'eosui 
technic The cosin should be slightly aadificd for bnlliant colorauon 


R1SDI.TS 


The blood of 100 routine hospital admissions was studied by this method and 
the results are showm graphicall) in figure i In the cxpcnmcncal group, in which 
the bu/Tj coat was exposed to Aerosol MA, Charcot-Leyden o^’stals formed in 99 
per cent of the cases b) tbc first daj These all remained posio ve on the second, third 
and fourth da)-s On the fifth das one slide became negaave for cr)scals to give a 
value of 9S per cent Another slide became negaa vc on the sixth and seventh days to 
give a final value of these last 1 da}^ of 97 per cent In the control group, none of 
the slides were positive the first daj, } were pwsiuve the second day, ixon the thud 
daj , 44 on the fourth da) , 64 on the ^h daj , and 75 on the sixth and seventh days 
The fgurc 73, however, docs not give a true value for the total number of cases 
that were piositivc, since on the latter two days as someshdes became posinve, 
others became negative Actuallj , So pier cent of the control group showed Cfaarcot- 
Lcjdcn d^-stals at one or more umes 

In no case in the cxpicnmcntal group were Charcot-Lc) den crystals found m the 
absence of eosinophils, In the control group, most of the cases which failed to 
show Charcot-Leyden crystals did show eosinophils 

It should be emphasized that the cxpicnmental jircparaucms contained ^ s 
in large numbers, directly propiortionatc to the number of eosinophils, and at c 
control preparations never showed crystals in the numbers seen m thccorrcsjjoa g 


experimental preparations c 

The 100 hospital admissions were unsclectcd and had a vancty 
as hypertension, diabetes mcllitus, Hodgkin s disease, abscess 0 , j 

vancosc veins, pneumoma, and fractures Thirty -seven per cent ° 
a total white count of over 10 000 In no patient was ^ percent the 

5 ,000 In iz per cent of the pauents there was an cosinophiha of ov« 5^ ^ 

Mghest beinV- per cent In 14 P- cent of the cases the “ 

mined In the remaining S6, only 5 had the diagnosis ° ^ 

There was no case of asthma, allergic rhinius, or scrum sic results 

The blood of Z 4 normal students was studied ^ ^ cent vvwr 

of which arc shown in figure 1 In the Aerosol MA P'^ , oosmve throughout 

positive the first day for Charcot-Ley den crystals and remained posmve 
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the seven days of observation In the control preparations, none of the slides were 
positive on the first and second days, 8 7 per cent were positive on the third day, 



Fio I — Chajlcot Leyden CRYTTAis in Aeroioi. and Control Preparations in loo Routine Hospital 
Admissions 



Pio 2 ^ — Charcot I-eyden Crystals in Aerosol and Control Preparations in 14 Noraial Per 

SON! 

31 per cent on the fourth day, 46 per cent on the fifth day, 54 per cent on the sixth 
daj, and 58 per cent on the seventh day All the control and experimental slides 
remained positive throughout the seven days 
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The shape of the Charcot-Leyden crystal is that of a hexagonal pyramid with 
bases op^sed, as shmvn m figures 3 and 4 Their hexagonal shape incross section 
« well illustrated in figure 5 This is a paraffin section of eosinophilic granuloma of 
tone, stained with Gram-Weigcrt s stain Their size is ordinarily described as 
from 7 to ri microns in length In this work some crystals weie just visible with the 
oil immmion lens, while others measured 96 microns in length and 9 microns in 
width The crystals stain black with iron-hcmatoxylin and red with hematoxyhn- 
cosin In fresh preparations they are colorless or have a light yellow tint 
Man) observations were made to determine the onginofCharcot-Leydcnctys 
tals They anse in Uvo ways, intraccllularly and cxtraccllularly Most of the 
crystals arise within the cell The crystals elevate, then puncture the cell membrane 
More than one crystal may be formed within a cell It is the usual picture with the 



FlO 3 — DlAOIAM OF CHAJia)T LbTMN OlTTrAL 


Aerosol MA method to see almost every eosinophil with one or more Charcot-Lcy- 
den crystals protruding from the cell Often the crystals he alongside the cell 
Those crystals that arise cxtraccUularly, first appear as minute crystals whi 
gradually increase in size 

It IS SI gnificant that , with the exception of the eosinophil granules and the arat 

Leyden crystals, all formed elements of the blood are lysed, indiatmg t ^ 
granules and crystals are remarkably resistant to reduction m surface timsion e 
nucleus of the eosinophil is dissolved by Aerosol MA, smcc even after m 
to Aerosol MA, the nucleus of the eosinophil appears washed out and does n^smn 
with Wnght s stain In control preparauons, even after several ays, so^ 
tin of the nucleus of the cosmophil takes the stain There is j. 

eosinophil granules, nor change m their staining 

tals do not anse from the granules It is probable then j improved 

crystals anse from the nucleus of the eosmophil, although t ^ essential 

It was stated by Schwarz* that the Charcot-Lc)-den crystal 
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component of the eosinophil Thus, Brown" studied the blood of a patient with 
trichmiasis who had 68 per cent eosinophils and was unable to produce Charcot- 
Lcyden crystals In our work, however, whenever eosinophils were found in blood 



Fio 4 — Cha»cot Letden Crystal in Wet Preparation Xgoo 


T- - 17 ^ r 


*r 



Flo 5 — Cross Section op Charcot Leyoen Ceyttal Showino Hexagonal Shape X900 

or m tissue, they could be made to produce Charcot-Lcydcn crystals with Aerosol 
MA Conversely, no crj’stals were found in blood or tissue in which eosinophils 
were absent Also the number of cr) stals formed was directly proportional to the 
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number of eosinophils present Preliminary work indicates that th.rh t a 

In patients with considerable eosinoohilia the n-v^rtilc rr, u j 

demonstrated in the peripheral blood in a few minutes by use of aLoI ^ 
Another pancni with embryonal carcinoma of the testicle metastatic to the lungs 
was studied He had a pleural effusion containing about 95 per cent cosmophik 



Fio 6 — Charcot Leyden Cryjtals SHO^^^NO Blunt Ent3S, X^oo 

The centrifugate of this fluid was then almost pure eosinophils When this centnf- 
ugate was mixed with Aerosol MA, very large abnormal cr)’stals with blunt ends 
were formed, together with normal crystals The largest of the crystals measured 
96 microns in length and 9 microns in width (figure 6) It is beheved that the malig- 
nancy was not responsible for the formation of the abnormal crystals The more 
logical explanation is that the substance which forms Qiarcot-Lcyden cr}'stals was 
here present in such a large amount and subject to the influence of Aerosol MA that 
unusually large and abnormal crystals were formed 

A study was made of a patient with discoid lupus erythematosus of the ace o 
thirty years duration during an acute exacerbation He shoued an eosinophi la 0 
a6 per cent The buffy coat of the blood of this patient when mixed with ^oso 
MA formed crystals within two minutes, the largest of whi^ meas ^ 
nucrons in length This represents about ten umes the usual size o > 

crystals Some of these crystals were remarkable in that they were fused in their 
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centers The control preparation showed crystals in two days On treatment with 
Bisraarsen intramuscularly, the patient rapidly improved, the rash almost entirely 
disappeared, the eosinophils decreased to 6 per cent and lost their ability to form 
Charcot-Leyden crystals rapidly and of the abnormally large size The inference 
IS that some test based on the size and time of appearance of the crystals may be 
evolved by which the progress of allergic diseases can be determined 

Discussion 

Reports in the older literature repeatedly emphasize that for the production of 
Charcot-Leyden crystals, the preparations must stand for a considerable period of 
time It IS also emphasized that large numbers may be found in the bone marrow of 
cadavers showing autolync changes In these cases there is almost always growth 
of bacteria and the release of ferments by the destruction of cells dunng autolysis 
It IS believed then that the mechanism for the formation of Charcot-Leyden 
crystals relates to the destruction of the eosinophil by these various lytic agents 
In this work, the control preparations did not become positive until the bacterial 
growth was quite heavy, and the majority of red cells and white cells showed de- 
generative changes It is then believed that the mechanism of the action of Aerosol 
MA IS related to its marked lysing effect due to its ability to lower surface tension 
The conflicting reports in the literature then become understandable, in those cases 
in which the eosinophils were subject to lytic influences cither by bacterial or enzy- 
matic action, large numbers of crystals were produced, while the reverse happened 
if they were not subject to such influences By the use of Aerosol MA these Jytic 
factors may be controlled, with production of crystals from eosinophils in all tissues 
in which eosinophils were found 

Of particular interest is the work of Turner ct al ''' on the relationship of the 
eosinophil to the Gordon phenomenon They showed that the agent producing 
encephalitis in rabbits was found only in the presence of the eosinophils They also 
showed that the test was only positive in those cases of Hodgkin s disease in which 
eosinophils were found in the tissue The exact nature of the exciting agent is un- 
known Turner and his co-workers suggest that it is related to the Charcot-Leyden 
crystal Support for this theory is that for the production of the agent, the tissue 
must autolyze in the refngcrator for i to x weeks to obtain a positive test — a factor 
favonng the production of Charcot-Leyden crystals 

At present this method of producing Charcot-Leyden crystals by means of Aero- 
sol MA has no practical significance It should simplify, however, the isolation of 
the crystals, the determination of their chemical structure, and thus lead to abetter 
understanding of the eosinophil and the diseases with which it is associated 

Conclusions 

1 A method using Aerosol MA is presented by which Charcot-Leyden crystals 
may be formed from eosinophils with certainty, rapidity, and in quantity 

^ With the Aerosol MA method Charcot-Leyden crystals were demonstrated in 
99 percent of the blood of loo routine hospital admissions, the crystals were dem- 
onstrated in So per cent of the control group With the Aerosol MA method 
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Charcot-L:}den crystals were demonstrated in 90 per cent of normal persons, the 
control group was positive for crystals in 58 per cent 
3 Prcliminar) work indicates that the Charcot-Lcyden crjstal is not only an 
essential component of the eosinophil, but it is speafic for the eosmophil 
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EOSINOPHILIC LEUKEMIA 

Report of a Case with Autopsy Confirmation, Review of the Literature 

By Theodore S Evans, M D , and Robert R Nesdit, M D 

I T IS FORTUNATE for the orderly and steady progress of medicine that there 
is, in the profession, a large group of observers slow to accept what is new and 
unproven, and so it has been true that as each form of leukemia has been described, 
there has always been a fairly large number of doubting Thomases This was 
true when the cleavage between myeloid and lymphoid leukemia was first asserted 
by Neumann in 1870 and proven by Naegeli and others in 1900 The description by 
Schilling of a third type of leukemia was greeted by a storm of protest, and the 
existence of monocytic leukemia is still denied by able and thoughtful observers 
some thirty-five years after Schilling s original contribution The existence of 
basophilic leukemia was first predicated by Joachim in 1906, and more recently 
studies have appeared by Doan, Groat and others 

Individuals with leukemia showing a marked peripheral eosinophilia have been 
studied intensively by many workers In 191a Stillman described such a case, but 
many later observers have denied that this was a case of true leukemia Our own 
studies indicate that this was probably the first reported case of chronic myeloid 
leukemia with marked eosinophilic predominance 
We have been impressed in the study of the subject by the following facts 
1 There are comparatively few reports of cases of eosinophilic leukemia, and its 
occurrence must be quite rare 

X Many of the reported cases are lacking in essential data as to the maturity 
of the eosinophils in the peripheral blood, and their descriptions are often in- 
adequate 

3 While many of the case reports include autopsy material, only a small number 
present evidence regarding the state of the bone marrow during life 
4 In only rare instances have the results of serial bone marrow studies been 
recorded 

If we accept as a fact that the normal definitive eosinophil is derived from the 
myeloblast via maturation stages in the bone marrow, then it would seem to be of 
value to report a case in which studies of both the blood and of the bone marrow 
showed at first a preponderance of mature eosinophils with later a gradual left 
shift until finally, myeloblasts replaced a large proportion of the granular cells in 
both marrow and blood Hay and Evans, and Thomsen and Plum have reported 
such instances and have commented upon the value of such information In our 
own case of acute eosinophilic leukemia, serial bone marrow examinations and 
blood films were studied over a penod of three months, dunng which time the 
gradual change from mature eosinophils through eosinophilic myelocytes to 

From the Medical Sctmcc of Dr William Dennehj and the Pathological Service of the Hospiul of 
St Raphael New Ha\eii Cono 
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m) cloblasts was evident While it is impossible to prove that eosinophihc leuLemia 
IS a separate and distina disease cntitj , paralleling m its hfe qde the other well- 
established types, we believe, however, that the evidence presented adds stronriy 
to prcviousl) accumulated data in support of this assumption 
Shapiro in 1919 reported a case of acute eosinophihc leukemia, as did Mac- 
Donald and Shaw m 1912., whereas most of the earher observers nderred to that 
cases as coexistent eosinophilia and h)-pcrlcukoc)T:osis, suggesting that the syn 
drome ma) bcmerel) a vanant of myeloid IcuLemia On the other hand, McGowan 
and Parker, Stephens, Fncdraan et al , Thomsen and Plum and othen hold that it 
IS a disease entitj At this time then: arc many proponents of both pomts of view, 
and no general agreement has been reached 


Report of a Case 

A G i 53 >'C 3 r old vhitc female was adimticd to the Hospiul of Sc. Raphael* on June zj6 1^6, and 
died oa September 7, 1946 

For approxiraatcl} 6\c years prior to admisuon* the paucnttuffcrcdpcnodicaJlj* from uchiog lamps 
00 the legs She had been created with \anou$ oionocots Thoe itching sobcncmcow icsioos would 
disappear for Jong periods In the summer of 1946 they had become fairly widespread and constant and 
tbc patient was admitted to the bo^tal for stud) In addinon to these itching lamps she compUtoed 
of recurring accacLs of bronchitis and upper respiratory infections which had been noted for man) years 
The rest of the s)5Tcnuc htstor) ^*as essentially negative She had lost no strength or weight and slept 
well except for the prunfjs 

Examioation m*caled an obese poorly dcixloped woman with rather flabby mascaUmrt Tbc ston 
was widely and deepi) cxcorutcd from scratching so that most of the Icaioni were almost onrtcogtmable 
but a few fcIatiTciy recent ones \vcrc found The patient suted that they fini appeared u lamps baicath 
the shin which later reached the surface and became red and itchy Deep^ted masses were found m 
areas where there was no superhcial redness and which did not itch and other Icnoos which had reached 
the surface and had become red and itchy The masses were rather Ann There was no lymphadcnopaihy 
Tbc moderate fever was assumed to be due to the sepsis from scratching of the slon and consctpicnt 
infection 

Four days after admission clinical and rocogren tay cTidcncc of broncho-pocumonia was found at 
both bases She was treated with pcniciilio and a favorable response occurred but dunng tbc ten weeb 
m the hospiul four similar episodes of fever and lung signs appeared, each of which she sumred 

A dcrmarologisr concluded that dcrmiutis hcrpctifonnc was present Treatment was incffcowr 

A biopsy of the si-m lesions ga\c no evidence of penartenas nodosa, bur mafomctsinopbiijcgrairaio- 
cytes were seen m large numbers, particularl) surrounding the blood vessels . 

Because of the finding of anemu without any obvious bleeding a hematologic ^ r 

early m July By this time there was some enlargement of the lymph-nodolir system dm- 

spleen could be felt The periphrcral blood showed marked achromia aniso- and 
created polychromatopbilia Platelets af^srared to be present in normal nomben. There ^ 
jcnlocyiosjs and abont 15 pet cent of aJI white cells were adult cosinophih These were 
multilobuUtcd and wxll hllcd with large granulej auiniog deep red 

and monocytes appeared to be present m normal numbers propornon and of n*^catcd 

showed numbers of active megaUrvoc) tes There was a marked redncn<» jear ceUs 

red cells All stages of myeloid cells svete ideotihcd from myeloblasts toadnh ^ ^ 

The roost unusual feature of this marrow was the my large proportion ol cos op 
a large part of the total number of white celts ^lirKWiih polymorphous 

There was only a slight tendenc) toward left shift to be pooped less 

nuclei The grannies seemed somewhat larger than are usually seen and ppamu ^ 


•Service of Dr William Dcnnehy 
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c^xnI) in the cells The granules also had a tendency to irregular suining uith a feu cells containing 
both red and blue staining elements The a\efagc number of granules in each cell uas somcuhat less 
than usual These changes have been desaibcd in nholc or in prt in the eases of Stillman, Shapiro, 
MacDonald and Shaw Haj and Es'ans, and Thomsen and Plum 

Erythropoiesis seemed to ha\c b-cn depressed by the \ery large concentration of adult eosinophils 
The crythro-granuloc) tic ratio uas 1-9 

Tests of the urine stools blood nonprotcin nitrogen blood sugar blood calcium serology , bleeding 
clotting and clot retraction time were normal The basal metabolic rate was +15 P“r cent The cry thro 
cyte scdimcnution time was normal All other causes of cosinophilia appeared to have been eliminated 
so that the hematologic impression uas granulo^tic leukemia uTth marked cosinophilia 

There was a constant cosinophilia during the last eight svccks of life This \aricd from time to time 
but was always beyond normal limits Sen al bone marrow studies showed a steadily increasing tendency 
toward left shift in the myeloid senes At first many myelocytes C wxrc identified in the eosinophilic 
senes With each succeeding examination of the bone marrow, more ^ and A eosinophilic mye 
locyxcs were seen and finally the bone marrow became strongly blastic in character The final examination 


Table i — BUod C^nts 


Date 

Hg 

R B C 

U B C 

Mature 

Polys 

Bands 

Eosinophils 

LjTnpho- 

cytes 

BUiU 


Adult 

Young 


% 



% 

% 

% 

% 

% 

% 

7-7 

55 

1 100,000 

19 000 

50 

8 

10 


11 


7-J4 

51 

1 000 000 

11 000 

5 '- 

10 

11 

6 

16 


7-17 

55 

1,100 000 

13 000 

54 

9 

16 

8 

10 


7-30 

48 

1 000 000 

30,000 





/ 


8-^ 

5 J- 

1 000 000 

19 000 

44 

1 

17 

14 

j8 

10 

8-13 

44 

3 000 000 

17 000 

40 

1 

30 

>9 

17 

10 

8-10 

48 

1 300,000 

14 000 

41- 


39 

=•3 

10 

5 

8-ig 

48 

1 100 000 

55,000 

30 


45 

40 

1 

>9 

9-6 

35 

1 000 000 

85,000 

10 


50 

5 


35 


of the bone marrow performed on the day before death revealed a large percenuge of myeloblasts with 
many early Oromaturc) eosinophils 

The patient s condinon slowly but definitely worsened svith increasing fever tachycardia weakness 
and anorexia The spleen and liver increased slowly m size and death ensned on September 7 1546 The 
clmical diagnosis of Jcukcmia of the mycloblastic type with marked persistent cosinophilia 1 e cosm 
opblic leukemia was made 

Pistmertem tXMmtnsftm was performed ten and three fourths hours after death The body was that of 
a well-developed moderately obese middle aged female The external body markings of import were 
marked pallor of the skin and mucons surfaces superficial ulcerations of the lips edges of the tongue 
and buccal mucosa and a recently inased focus on the left side of the back which appeared to be healing 
No evidence of the skin lesions mentioned in the clinical note was seen 

The peritoneal cavity contained no fluid but showed a mass of dense adhesions around the gallbladder 
Pleural and pcncardial cavities wrerc free of adhesions Pcncardial fluid was normal 

Hrart 410 Gm The siscus was markedly pallid The artcncs were slightly thickened but their lumlna 
were patent Secuon of the myocardium showed slight gray strcalang The endocardium and salves 
showed nothmg of gross note 

Sections showed a mild degree of infiltration of the cpicardial fat by leukemic cells including blast 
forms myelocytes and young lobnlated fonns Many of these were of the eosinophilic class The myo- 
cardium showed no infiltration and the cells and fibers w er e normal There was no fractionatmg of fibers 
and striations were normal The endocardium appeared normal 

Lamgs Rt 7x0 Gm Left G05 Gm The two lungs were grossly similar presenting dark purple red 
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^dcdly ,ul^ep,Hnt wth meaty texture. «d pUJ.d d«htJy „,baemaat uptrr lobet 
Section rcrealcd nurl,cdlj maeated blood content jn the base*, and frothy blood tinged fl^m the 
rctMinder, including the jmaller bronchi No foa of consolidauoo were demonstrable 

Sections revealed w locrcasingl) prominent leukemic infiltration from abore downward Sections of 
the upper portions shosved moderate cron-diag of the reueis of the alreolt meb alls of tic /entcmic 
infiltrate, but more marked w as filling of the alveolar spaces with precipitated, pink-staming albummoos 
TOtcnal ID which was a scattering of “heart fai/iire cells some containing phagocytosed erythrocyte 

debni, and a few cry throcytes S-ctions of the loner lob-s revealed intense plugging of the capillaries 
so much so that the walls of alreoli appared to be composed of hyperchtomatic cells mostly round 
cell types, which are idcnofiablc as blast and myelocytic forms These were seen to be just outside of 
the aUcolar epithelium in markedly distended capillancs The erythrocyte content of these capillanei 
scat practically ml so great was the plugging svith the leukemic cells In many instances thoe had been 
rupture of capillaries and adjacent walls of the alveoli so that the alveolar spaces svere completely filled 
wnth infiltrating leukemic cells and a moderate number of erythrocytes Latge foa were seen that tepte 
tented confluent ruptured alseoli with air-bubblesin themass of blasncand myclocyticcells Othetfields 
showed compression of alveolar spaces by the leukemic cells in distended neighboring alveoli 


Table l . — Satu Afamur Vrffmitttjil Ceaatt 


Pate 1 

Pub'S 

1 B«ndi 

j I 

Myel C 

MyelB 

Mytl A 

Blasts 

Toul 

£o« 

Youd^ 

Eos 

Lya 

Mooo 

1 Nonn 

Eiytir 

F~7 1 

xo 

if ( 

« , 

^ 1 

^ 1 

X 

« ( 


" i 


y 1 

f 


E. M. ratio approximately r $. 45% of the nucleated white cells were eosinophils 
and most of these were adult cells. A few B and A eosinophihc myelocytes were seen 

8-7 j 15 j 17 I 40 I 14 ( 6 j 8 j 45 j sx I 

45% of the total oumber of white cdls were cosuaopluJi but there was a left shift 

throoghout the mjcloid icncs including the coaoophihc strain 

y-6 I 11 I XI I IS I 13 [ to j 19 j 46 j 38 j 

On this examination there was seen to be a very marked iefe shift with the presence of 
2.9% myeloblasts In addition 38% of the eosinophils were mycJocyici and there were 
some cells in which both blue and red staining granules arc identified Many cells 
wxrc seen id mitosis 


Sftnn, 1135 Gm This organ ^ras greatly enlarged and its capsule tcnic and jmotd 
consistency ^vas of a tensdj flucnianc nacore rather than hard When sectioned the cut s 
and ro//cd the strctthcd capsufc hack The cue surface was prcdomiBsa^y color an t c pa 

grcatly increased, was essentially of gray color To touch this surface was greasy 

S-ctions revealed sinusoids packed with ienkcmic cells of the vfpt already desenhed an 
of icute ncCToiu some of which could b- teco to b splenic folhcles ^ ^.cjnicnt 

polymorphoauclein and macrophages, in a mass of necrouc cells Soik o er oa o 
fibrosis of these necrotic islands this of varied age some partly were, 

blasts proliferating in foa sail showing some of the acute process B»dei , j niceiido- 

m the smusoids scatterings of macrophages conraimng engnUed ^lemdel/ distended 

thel.al lining cells were not remarkable except that they were generally aatteued by the wi y 

sinusoids , r txuoa mitfciogs, and la duct 

FoaerraJ 85 Gm Grossly, the pancreas showed normal surface and 

appeared normal .nstinccs was there any lofiltra 

Sections show^ infiltraoon essentially p nlobular, and in c^y contimed the leukemic 

tion from the r-^lobular connective tissues into f of the gland rbetslct.ai 

cells in large nnmbers. but they were noticeably absent from the 
alveolar cSs appeared normal and rctamed normal suimng reaa. 



Table 3 — Vj^ortti Cases cj Eostnopbtltc Ltuksmta 


Author 

Age 

Dura 

tion 

Range of \\ B C. 

Range of 
coslaa 

Type cosIns 

Organs affected 

Assfte Cases 



veehs 


c* 

0 




Hay and E\aDS 

41 

3 

71,000* 

83* 

Mature 

1 Lymph 

nodes, 

192.5 Case 1 






Spleen 


McCowan and Par 

45 

L 

154,000- 10,000 

78 

M)cloc) tc$, 

Spleen 


ker 1552. 

1 




30% 



Stephens 1933 

»7 

10 

130,000 

68 

Mctamyclo- 

Lymph 

Nodes 





C>ICS 1% 

Lungs 


Forkner ct al 1937 

33 

4 

165,000-118,000 

81-75 

Many Mycio- 

Lymph 

Nodes, 




busts 

Spleen 

Li\cr, 







Lungs 


Ravault ct al 

60 

IL 

18,000- 71,000 

80-90 

Mycloc> tes, 

Lymph 

Nodes, 






30% 

Spleen 

Liver 







Many 

others 


Chrome Casts 


Stillman 1911 

17' 

ytars 

Un 

163,000-118,000 

91-85 

Mctarayclo 

Liver, Lymph 

GnfBn 1919 

1 

3 ' 

known 

7 

111,000- 15,700 

90-73 

cytes, 10% 
Mature 

Nodes, Spleen 
Lymph Nodc^, 

Shapiro 1919 

48 

6 

136,000- 13,000 

90-49 

Myelocytes, 

Spleen, Liver 
Heart 

Lymph Nodes, 

McDonald and 

46 

8 

138,000- 34,000 

81-71 

3 % 

Matnre 

Spleen Liver 
Lungs 

Lymph Nodes 

Shaw 1911 
Alexander 1914 

50 

9 

150,000- 17,000 

36-11 

Mature 

Spleen 

Spleen Liver 

Hay and Evans 

53 

3 

61,000- 16,000 

53-16 

Mature 

Lungs Heart 
Spleen Liver 

1919 Case 1 
Drennan and Big 

'5 

1 

73,000- 3i,ooo| 

70-13 

Mature 

Heart, Kidneys 
Lymph Nodes 

gart 1930 

Hamson 1930 

13 

1 

16,000- 13,000 

60-30 

Mature 

Spleen Liver 
Lungs L. Leg 
Lymph Nodes 

Thomsen and PJnm 

IZ 

z 

65 , 000- 4 , 000 

90 

61% Mature 

Liver Lungs 
Spleen 

Lymph Nodes 

1939 

Gochl 1941. 

N 

18 

B Rac 

1 

liaaon Therapy 
190,000- 8 000 

88- 5 

Later 81% 
Myeloblasts 

Mature 

Liver Spleen 
Heart 

f 

Lymph Nodes 

Fnedman ct al 

11 

i 

12^ 000-194,000 

80-90 

Mature 

Spleen 

Lymph Nodes 

'944 

Ra\ault et al 1944 

6c 

> i 

18, OCXS- 7i,cx?o 

63-78 

30% Immature 

Liver Spleen 
Many others 
Lymph Nodes 

Hodgson eta] 1943 

4 ' 


47 000 

45 

Mature 

Li\cr Spleen 
Lymph Nodes 







Liver Spleen 
Many others 
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Ro 3 — Smctr of 6rst bone marrow aspiration showing nutnre polTnndear neutrophiles eosinophiles 
and late myelocytes 
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Fio 4 — Smear of third bone marrow aspirauoQ showing man) j-oung cells and no mature polynuclcars 
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Ga,lr>,ni„un^l tract No gro« jbnornul.ncj l^■c^c noted -niere were no foa of hemonfunc and no 
ulcerations The lymphoid patches showed some »wclling» but no nlccratioo 

Lirtr 1615 Gm There \vaj marked enlargement of the liver, which had a rounded edge, and a pak 
mixed jcllomrh brown and white color both on its capsular and cut surfaces The cut surface bulged 
prominently and felt great) Markings were almost obliterated No gross abnormalmes of the biliary 
s)*stcra were demonstrable ^ 


Microscopically, there were two notable processes both most marked m the portal rones of the 
lobules and fading as the central zones were reached These svere an interne leukemic lofiltraaon of the 
entire portal region* and a likewise intensely marked fatty degeneration of the hcpanc cells Thu was 
combined w ith moderate c^o^vdIng of the sinusoids with the leukemic rells though the latter was moeb 
less prominent than the portal infiltration The cells of the liver cords were m varied stages of ncaosis 
as well as fatt) degeneration and pyknotic nuclei and disintegrating cytoplasm were conunon In the 
midst of the leukemic process, the bile capillaries stood out and appeared remarkably unaltered No 
cirrhotic process was seen and there was no bile duct proliferation The vessels of the porul region all 
contained an excess of the leukemic cells as did the central veins The cells nearest the central terns 
showed some parenchymatous degeneration but were comparatively well pre serv e d 

GaJJblaJJrr In the ampuJJary region of thecas ity was a partiaJlyimpcted calculus, i cm indiimetcr, 
composed of concentric la)crs of cholesterol and pigment about a pigment nocleus 

AJrtnjfs Rt 7 Gm L. 6 Gm Aside from marked autolysis of the mcdullac the glands were cot 
grossly remarkable 

Sections showed \Try mild spotty infiltration in corneal and medullary loocs Aside from this and 
marked autofpis of the medullary ceils, the glands were essentially nonnal 

Kultuys Rr 400 Gm , L. 42.5 Gm These tss*o organs were similar in gross They were large and pale 
The capsules were free and stripped with ease The external and cut surfaces were pallid and roortled, 
and the cut surfaces greasy Markings Vicrc largely obhicrated, but the comco-medoJIaty rino xns re 
tamed* though both were greatly increased 10 width 

Sections showed an intense infiltration of the intcrstitsal mrocs by leukemic cells Of espcaal note 
was an intensely marked infiltration of the pcncapsular region aj^arentiy tn tic capillancs with no 
similar distention of the capillancs of the glomerular tufts The glomeruli stood out nortnail) m the 
round cell background with normal appearing subcapsular spaces surrounding them and nonnal Bow 
man s capsules around the whole The tubules all classes shosved pronuDcmpircnchymitoosdegcflcra 
ticm The interstiual tissues wxrc so completely infiltrated that in many instances ncema! tusucs woe 
invisible or af^iearcd fragtncntanly in small foa The lofiltrauoc extended to the pelves and a ices, 
where It was seen just beneath the epithelium, the latter appearing normal 

Lymph Wm All nodes were gratly enlarged, gray white in color and tense bat not h ^ 

surfaces bulged prominently and were gray and great) to sight and touch 

Sections rcs'caled a process similar to that in the spleen with the exception of necrosis 
crowded with the leukemic cells and the architecture of the noda svas destroyed 1^ its latco 
follicles wxrc practically absent and the node* largely replaced by the Icokcmic i i^xaat: 

Tht b*nt manw was abundant and almost white but sccnons were not saosiactory, prooa 


of the long postraortem penod before removal the Icukcimc cells 

A clot m the pulmonary artery was used for Wnght s staining and dcmcaw 
amply The cells were essentially of the eosinophilic classes of myclocyw wi 00 and 

and a moderate number of mature forms m all classes Of the mature forms ^ 

the remainder were neutrophilic in their ataimog reacnwi A few kidneys lymph 

The essential findings were leukemic m ongm being most macl-cd m the 1 ^ ^ Icccmdiry to the 
nodes and lungs Other changes such as those of fatty dcgcncratiofl ot ^ infiltration 

process EspcciallynotablcwerethcmiwivciQfiltraoonaofihcIungs ' ^ . ^gj^raung celU m the 

of the h«r, and the mtcrsmial infiltration of the kidneys The colkcti 
pencapsular capiUancs of the glomeruli was outstandingly promioenr 
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philic leukemia have been studied by means of both serial bone marrow spreads and 
postmortem material The marrow studies in this case showed a progressive de- 
velopment of the leukemic process In the earlier study, most of the eosinophils 
were adult cells Gradually there was replacement of these mature granulocy tes by 
younger forms (early eosinophilic myelocytes) and eventually a shift to blast cells 
The early myelocy tes contained both red and blue staining granules within the 
same cell These have been noted before by MacDonald and Shaw, Hay and Evans 
in eosinophilic leukemia and by Doan and Reinhart in basophilic leukemia and 
have been considered to be evidence of left shift Additional evidence of left 
shift IS seen in the presence of mitotic figures The increasing number of young 
marrow cells appeared largely in the eosinophilic strain — from 15 per cent in the 
first study to 12. per cent and finally to 38 per cent The same sequence of events 
was seen to a lesser extent in the peripheral blood where blasts to the number of 
io per cent appeared at one time The finding of 45 per cent eosinophils m the 
peripheral bloi^ of which 30 per cent were young eosinophil granule cells was 
made on one occasion 

The separation of eosinophilic leukemia from many other conditions which 
result in secondary eosinophilia in the peripheral blood is always difficult Stewart 
has reviewed the literature on familial eosinophilia and Paviot and others, that 
on eosinophilia associated with malignant disease Henschen has written a com- 
prehensive review of the whole subject Reports of eosinophilia with recurrent 
attacks of lung infiltration (Loeffler s syndrome) arc becoming increasingly fre- 
quent in the literature Although our patient had several attacks of pneumonia 
dunng the penod of observation, there were too many clinical facts at variance 
with this condition, and the autopsy findings were too definitely conclusive of 
leukemia to place our case in that category Pcnartcntis nodosa was also con- 
sidered in the differential diagnosis of this case, but skin biopsy was negative for 
this condition, and postmortem examination did not support this diagnosis 

The diagnosis of eosinophilic leukemia may be initially and tentatively ad- 
vanced on the persistent presence of a large percentage of eosinophils in the cir- 
culating blood If a considerable and increasing number of these cells arc eosino- 
philic myelocytes, reflecting predominance in the bone marrow, the evidence is 
still further supportive, and if the disease is fatal and there is invasion of all the 
organs by these abnormal cells as shown at postmortem examination, the diagnosis 
may be said to have been established All of these criteria were present in our case, 
including the observation of the progressive left shift in the eosinophil granule 
myelocyte to the myeloblast which predominated terminally 
Doan and Reinhart have reported the presence of an acute dysfunction of the 
bone marrow, resulting in fulminating basophilic leukemia They have called 
attention to the fact that immature elements of the different cell strains may be 
present at the same time in the blood of a given patient They have also noted the 
fact that both basophilic and eosinophilic granules were found in the same cell in 
basophilic granular cell leukemia but that the basophilic granules were present in 
larger proportion Our case is similar in that both tj pcs of granules were present in 
individual cells but differs from theirs in that eosinophilic granules were pre- 
ponderant A further parallel to their cases is seen in the fact that our case also 
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showed a left shift to the pnraitivc cells, however, our case progressed to the 
blastic phase through eosinophilic granule myelocytes, whereas theits reached the 
ultimate state of m}eloblastosis through basophilic granule myelocytes Doan 
and Reinhart conclude that there is an initial benign, perhaps metabolic dis- 
turbance in the granulopoietic equilibrium,— in the normal reaprocal relationships 
which seem to charactenae the body cells in health,— to be followed sooner or 
later, especiallj in the later decades of life, by a very differently actmg, invasive, 
metastasizing process much more closely related in clmical course and cellular 
pathologj to the malignant h) perplasia and anaplasia which charactenze tumor 
growths ansing in other organs 

The total and projxirtional number of eosinophil granule cells in our case did 
not reach the extremely large numbers reported by some other observers, hot it 
should be pointed out in this connection that this pauent died m the acute stage 
of the disease Death in other types of leukemia often occurs with low penpheral 
blood counts but with all other evidences of leukemia, and it has been assumed 
that this IS so because the disease is fatal before a massive cellular response is seen 
in the blood 


Summary 

I The data in a case of fatal leukemia with predominant cosinophilia m the 
penpheral blood and bone marrow arc presented, we believe that this case was one 
of eosinophilic leukemia 

z During the penod of observation, these eosinophils showed progesssive 
immaturity as the symptoms became more severe Eventually this left shift 
became so marked that a large proportion of the cells were terminally myeloblasts 
in both the blood and the bone marrow 

3 Autopsy revealed invasion of many of the tissues and organs tvith these 
mature and immature eosinophil granulocytes and with myeloblasts 
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MEGAKARYOCYTES IN NORMAL AND IN THROMBOCYTOPENIC 

individuals 

Wrrn Introduction of a New System of Differential Count 
FOR Megakaryocytes 


By VlCTORINO DE LA FuBNTE, M D 

O F THE THREE principal cellular elements of the bone marrow, the mega 
Lary ocy tes* have been least investigated This paper deals with them as 
found in (i) hctnatologicallj normal individuals and in (i) thrombocytopeme 
patients It is the first in a scries of papers given to the study of the partiapation 
of these cells in vanous pathologic states 

The Normal Megakaryocyte and Its Development 

Mattnals 

The subjects of the present project are hunun some normil and others aboonniJ from the hematolojic 
standpoint 

The statement made below on the normal Ime of devxlopment of the mepdciiTOcytts is an integration 
of all the obscrs'ations made on the bone marrow speuroens of these individnali 

Methods 


The bone marrow tpeomens were secured in the nsual nay by sternal ponctnre. The amount obtained 
did not exceed o 5 cubic centimeters Without nsingan anticoagulant, the matcnal was spread on shdes 
as in preparing blood films Seven to ten smears were made The smears were made thm, slightly thick 
and thick The thick ones were used to obtain a general impression of the condiaon of the bone marrow 
at the time of the biopsy For a diffcrenual count of the megakaryocytes, those films were caamincd 
which showed a great number of these cells without morphologic distortion It hat been observed that 
these smears could not be used wnth satisfacuon for the dificrcnoal ejaminanon of the smaller bone 
marrow cells 

Before sternal punctnre was made the total platelet count in the peripheral blood was detenmned 
Either the wet smear method of Dameshek (D) or the dry method of Fomo (F) was employed, depending 
upon convenience Other hematologic examinauoni were earned out to detennme normality, or for the 
sake of diagnosis 

The smears were fixed with Wnght s soluuon and suincd with Gicmsa $ 

The number of megakaryocytes per million nucleated cells was not counted for tsvo 
in a carefully made smear the megakaryocytes, being heavier than other lypis of cells tend to 
mote at the imtial portion Hence, more mcgakaiyocytes arc to be found in this area thm m “F ” 

portion of the smear (a) Since the value is relauve and since no method 10 far is accepted as r ‘ 
dctermimng the absolute number of nucleated cells per unit vol ume of the bone marrow matena e 

From the Department of Internal Mcdiane University of Santo Tomas, and the Qmica Singian 


^Grant from the Division of Research Gtanu and Fellowships, National Insutnte of 
Health, U S Public Health Service . , 

•Due to lack of a genetic term embraang all typo of mcgafcaiy^, 
mtwoscnscs ingcncral » acsigtmtc the seno m contrast with the 
m paraculat, to designate the mature type m conreast^^nmp^ 

In what sense it 15 used in a given sentence may be inferred from the context. 


a modifier is employed 
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result docs not justif) the time and cnerg) consumed in the procedure A rough calculation made by an 
cxpcncnccd examiner would be sufficient for clinical purposes One can make a fairly reliable judgment 
of the general condiuon of the megakaryoc) tic tissue from the number of smears used to finish a differ 
CQtial count of 100 cells With the method used in this project from one to two smears had to be examined 
to cover 100 cells when the megakaryocytes were not disturbed In idiopathic thrombocytopenic pur 
pura only about one third to one half of a smear was enough 

In order to speed up the examination the low power objective was used to spot and bnng the mega- 
kaiyocytcs within the microscopic field The cells were then examined under the oil immersion objective 
for structural details With this procedure it is possible to go over the same area twice To avoid this 
mistake, thin lines perpendicular to the length of the slide were drawn at various intervals If the smear 
1$ examined under the low power objective beforehand, lines can be drawm on areas free from 
megakaryocytes 

All the photomicrographs were taken under the same magnification using a 6X ocular Actual mag 
mfication cannot be calculated for lack of equipment The size of each cell may be estimated by comparing 
It with the lymphocyte and erythrocytes in figure 15 The description of each picture is incorporated in 
the text 

Ongw and Normal Development of the Megakaryocytes 

The ongin of the megakaryocyte is largely controversial It has been traced to 
almost all types of blood cells and data are at hand to support each theory Never- 
theless, proofs to estabhsh one hypothesis arc not so conclusive as to exclude the 
others 

A better evidence is present -with regard to the normal line of development fol- 
lowed by these celb as they mature and give rise to platelets Knowledge of this is 
important for clinical purposes, particularly in the classification of cells 
The mode of development had been treated extensively in a previous paper * 
Addiuonal light has been shed by later observations 
The existence of the mega kary oblast is an indisputable fact With the low power 
objcaivc It can be easily distinguished in the smear It is bigger than other blast 
cells commonly found in the bone marrow (figs i-8) 

The preferred mode of muluphcation is amitosis This is supported by the con- 
stant increase of amitotic forms (fig i) when the total megakaryocytes arc in- 
creased That such forms belong to the mcgakaryocytic senes is inferred from the 
presence, in some instances, of platelets in their cytoplasm (fig 13) Mitosis oc- 
curs rarely 

The maturation usually starts in one of the nucleoli The latter widens and be- 
comes more transparent (figs ii and iz) The process contmucs towards the margin 
of the nucleus, which subsequently assumes a lobulatcd figure (fig 18) When 
nucleoli near the nuclear margin undergo the same change, the nucleus presents a 
rugged and eroded edge with granules strewn in the neighborhood (fig 10) The 
presence of a round or oval nucleus in the promcgakaryocytic phase (fig 9) would 
seem to indicate that after transformation of a portion of the nuclear chromatin 
into granules, the nucleus may assume a round contour Forms in the maturcstage 
arc seen whose nuclei arc reduced to small specks, at times darkl} staimng, embed- 
ded in or surrounded b) a mass of granules (figs ig and 14) 

The ongin of the cytoplasmic eranulcs from the nucleus has already been men- 
tioned b) Downcj " 
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platelets At times when formation of b.g shreds 

pheral blood is thrombocytopenic the cytoplasm i ^ 

The so^alled blue platelets, which arc ^‘^J^.^f^phocytes m the blood 


plasm, are not 
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peculiar to the megakaryocytes alone y®P 
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may exhibit the phenomenon too (fig 15) The same is trac of the immature eosmo- 
philcs and neutrophilcs in the bone marrow 

I have expressed the opinion before' that the polyharj’ocyte was an indication 
of aborted amitosis This appears to be borne out by subsequent observations A 
binuclear or multinuclear mature megakaryocyte may be the resulting form of two 
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Figs — Stc text 


processes It may be the subsequent phase of an amitotic megakaryoblast whose 
C)’toplasm fails to duide It therefore passes through the promcgakaryocytic stage 
(fig 17a) Or It ma) be the result of a complete division of the nucleus of a mature 
form, in the same manner as may be observed sometimes in a segmented neutrophile 
In figure zi, the us o lobes are connected by a barely visible filament In figure iz, 
the thin bridge bcnscen one lobe and the rest of the nucleus is very clear It is not 
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^-fetched to sup^sc that after severance, the Jobe would assume an oval shape 
The appearance of two lobes connected by a thin thread of chromaun does not 
argue for the fusion theorj In ease of fusion, it is likely that the two nuclei would 
approach each other tangentially 

Clatstjicatian of the Megakarjocytes 

The difTerential count is an important tool in the hands of the hematologist A 
good system ofdiffctcntial counting, one which reflects adequately and reliably the 
reaction of the cells to pathologic stimuli, is an invaluable aid to diagnosis, ptog 
nosis and evaluation of treatment This is shown in the Schilling hemogram and 
Pncc-Jones curve, which basically is a grouping of erythrocytes accotdmg to 
diameter 

Pathologic states usually alter the process of cellular maturation Thus, in classi- 
fying cells for clinical purposes, this fact should be taken into considcraaon Simi- 
larly, whenever possible the state of functional activity should also be reflected in 
the diflcrential count 

We have borne these two things in mind in proposing the following classifica- 
tion of the megakaryocytes The latter arc divided mto 


Amitouc fonns 
Mitouc fonm 

Mf^larTobluu* 
Promega kiiyocy tts 


Mega karyoqr tes I ^ 

I 

Aiyncironic mcgtktryocyres 

Explanatson The raa)or division (amitotic forms, etc ) gives an insight into the 
multiphcation and maturation of the cells at the time of aspirauon The su ivi 
Sion of cells into A, B, etc , measures the physiologic activity 
karyocytes with respect to the production of platelets and remotely to e cessation 

of bleeding and iS") 

The mcgakaryoblast (figs z-8), promegakaryocyte (figs i 

and megakaryocyte (figs 19-20. and need not be desenW m ^ 

descnption found in literature, especially in the arude of Dameshek and Miller, 
leaves nothing to be desired and is adhered to in this paper 
The asynchronic megaUtyocyte is one whose bewera the 

whose cytoplasm to another Unlike the granulocytes, the co^ 

nuclear and cytoplasmic development in the " X^Urj-ocyte 

allowance should be made on this *«ount Yet a .nd^yto- 

may be isolated from the rest, charactenaed by a ^„hout platelets 

plasm that is basophilic, without any trace of granulan y 
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formed In other words, the development between the nucleus and cytoplasm is 
separated by one phase, that is, asynebronte This type of cell is seen even in normal 
individuals Figure 13 illustrates it The platelet-like bodies at the lower portion of 
the cytoplasm arc artefacts 

The subdivision of the megakaryocytes into A, B, etc, cells is based on the 
presence of platelets near or at the margin of the cytoplasm Platelets found near 
the nucleus and far from the edge of the cytoplasm arc not immediately available 
to the peripheral circulation Hence, they arc not taken into account in the sub- 
grouping of the cells from the functional standpoint 

A cells do not exhibit platelets in the cytoplasm, or if they do, the platelets 
arc centrally located Mcgakaryoblast A and promcgakarycoytc A, except in rare 
instances (fig 9), offer no difficulty, for these cells have very scanty cytoplasm so 
that platelets found in them arc always near or at the margin It is in the mature 
megakaryocyte that the location of the platelets should be scrutinized Hence, 
under megakaryocytes A, mature cells without platelets and those whose platelets 
arc far from the cytoplasmic margin arc grouped together (Figures z -6 arc mega- 
karyoblasts A, figures 9-11, 14, 16 and 17a arc promcgakaryocytcs A In figure 9, 
arrow points to a lone platelet well inside the cytoplasm Figure 19 is a megakaryo- 
cyte A The cytoplasm of this cell is granular The isolated platclct-likc bodies arc 
artefacts ) 

B cells arc those whose cytoplasm contains one to ten marginal or juxta- 
marginal platelets Number 10 has been chosen as the limit, because in the acute 
form or phase of Wcrlhof s disease, not a single megakaryocyte with more than ten 
platelets had been found On the contrary, the B ' cells may be as numerous as in 
the normal (Figure 7 is a mcgakaryoblast B, figure aza is a promegakaryocyte B, 
figures 17b, 10 and ai arc megakaryocytes B Each arrow points to a platelet Other 
similar bodies arc artefacts ') 

C cells arc those whose cytoplasm contains more than ten marginal or juxta- 
marginal platelets (Figure 8 is a mcgakaryoblast C This cell is not found normally 
and is rare even in pathologic cases Figures la, 13 and 18 arc promcgakaryocytcs C 
Figures aab, a4 and a5 arc megakaryocytes C Figure a5 illustrates a nucleus in 
process of gradual dissolution ) 

D cells arc those whose cytoplasm is wholly converted into platelets (fig a6) 

Polykaryocytes (figs 13, 17a and 17b) arc considered frustrated amitotic forms 
They arc grouped under cither the promcgakaryocytc or megakaryocyte, depending 
upon the developmental stage reached, and into A, B or C cells depending 
upon the number of platelets present 

In introducing a new classification of cells according to maturity, the greatest 
difficult) met b) the proponent lies in the imparting to his readers, who may wish 
to investigate its value, the different charactcnstics found in a cell so that thclattcr 
ma) be placed in the group to which it should belong The problem is succinctl) 
summed up in the question At what point docs the mcgakaiyoblastic phase end 
and the promegakar) oc)'tic begin? 

In this classification, the cell is considered as a whole The morphology of the 
nucleus receives the first attention When for some reason or other the nucleus 
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Under the araitot.c forms, onl> those wth blastic nuclei are included, because 
uhen a multinucleated megakaryoc) te enters the promegakaiyocytic stage, its 
C}-topI«m aptxrars to be no longer capable of division A cell is classified as aimtotic 
onlj when the nvo or more daughter-nuclei are clearly separated by a portion of the 
cjToplasra (fig i) 


/ In the bone marrow there arc other cells which seem to be undergoing amitosis 
Most of them arc s> ncjtial erythroblasu However, the amitotic forms of the mega- 
kar)oc>tic scries are much bigger than the crythroblasts When in doubt, never 
thcless, K IS best not to include the cell m the differential count 



Fio — S« text A greater nugmficaaoo than figures 1-^5 


A mcgakaryoblast has common]) a nucleus exhibiting nudcoii (6gs 1, j* 5 » 
7 and 8) Sometimes the nucleus is in the initial stage of dividing into sewai 
daughter-nuclei (figs x, 3, 4 and 8) It has been said that the megakaiyoblast o« 
not produce platelets However, figures arc observed with distiaa nucleoli m t c 
nucleus and platelets in the cytoplasm (figs 7 and 8) Mcgakaryoblast B is not 
uncommonly observed even in normal individuals Mcgakaryoblast C is rare an 
was seen by the writer only on one occasion . . 

In some instances, a mcgakaryoblast is encountered withcmt * 

(fig C) However, the sue would not permit its inclusion into t e 
myeloid group Funhcrmorc, its nuclear chromatin materials arc 

coarser strands than those of the myeloblast The cell wodd ip^ hlast to 
^)owney, Palmer and PowelP consider a transitional form from the myeloblast to 

the mcgakaryoblast by a process of swelling 

The cell has entered the promcgakaryocyuc phase oae of 

of the nucleoli is lost, espcaally when a transparent ^ ^ J g,. 

the nucleoli (figs n and ix) In the meantime, granules appe ) 
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karyoc} tc may also present an eroded nuclear margin (fig 10) -with granules replac- 
ing the dissolved nuclear substance The nucleus prior to entrance into the fully 
matured state may present a hazy appearance 
There arc times when the morphology of the nucleus does not help at all m the 
classification of the cell The former looks like one massive dark spot It may either 
be a promegakarj ocyte or a megakaryocyte, depending upon the cytoplasm A 
cytoplasm partly basophilic would cause the cell to be included among the promeg- 
akaryocytes, a cytoplasm evenly studded with fine lilac granules among the mega- 
karyocytes Figure 24 illustrates this variety of cell The nucleus, situated at the 
lower pole of the cell, could hardly be made out The other dark spots consist of 
intensely staining granules massed together With the use of a 6X ocular the differ- 
ent portions of the cell may be distinguished 

In the subdivision of the cells into A, B, etc cells, very little difficulty is 
encountered When there is doubt as to whether a structure in the cytoplasm is a 
platelet or not, it is best to refer to the morphology of isolated platelets in the 
same hone marrow film or in the smear of the same patient s blood 
It should be stated that the proposed classification may possibly suffer from one 
defect It IS likely that a given megakaryocyte, which had already shed a large 
number of platelets into the peripheral circulation, may appear as an A cell 
In order to establish or rule out the presence of such an error in a given case, the 
platelets and their disposition should be examined In normal and in increased 
production of platelets, the latter are clustered together in big sheets In decreased 
production, very few are seen and they arc distributed singly 
Table i gives the differential counts of the megakaryocytes in 5 hematologically 
normal individuals The patients were from the Eye, Ear, Nose and Throat Ward 
of the Santo Tomas University Charity Hospital, confined for such troubles as 
strabismus and other local eye disorders which are known not to affect the general 
system Their penpheral blood had been examined and all values were within the 
normal range 

The Megakaryocytes ik Thrombocytopenias 
After Wright had demonstrated the derivation of platelets from fragmenting 
megakaryocytic cytoplasm, it was logically expected that the origin of thrombo- 
cytopenia would be tracked down to a disturbance of this bone marrow clement 
Except for rare cases, a low platelet count is generally associated with a disturbed 
megakaryocytic picture 

The following cases of thrombocytopema of varying etiology exemplify the 
different types of megakaryocytic response to pathologic stimuli 

Materials 

Twentj- cues luffenng from diffeirnt diseases m which thrombocytopenia was present are reported 
The megaharyoc) uc reactions (tables x 3 and 4) had been so uniform that the} coaid be separated and 
classified into three t)-pes The cases arc therefore grouped accordingl) The important findmgs in each 
cate arc tummanied in tables u 3a and 4a 

Group I (table xa) includes onl) cases of idiopathic thrombocj topcnic purpura 
No attempt is made to subdn ide the disease into acute and cnronic On the basis of 
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our observation, a patient may manifest at different periods clinical signs of acute- 
ness orchronicitj with corresponding variations in the mcgakarjocj tic picture 
The condition of the megakarj ocy tes in this disease has been the sub;ect of much 
controvers} Dameshek and Miller' reviewed the various opinions, since Frank' for 
the first time suspected a causal relationship between thrombocytopenia and dis- 
turbance of the megakary ocv tes The majority of investigators incriminate a dis- 
ordered spleen as the offending organ in the depression of circulating platelets This 
view IS supported by the increase of thrombocy’tcs after splenectomy 
However, there is a disagreement over the mode of action One school holds that 
the spleen produces a substance, still to be identified, which inhibits the produc- 
tion of platelets from the megakaryocytes' The other postulates a phagocytic 
aggressiveness of the splenic rcticulo-endothelial cells, the megakaryocy tes all the 
while remaining intact * 

Inhibition of the platelet-producing activity of the megakaryocytes would na- 
turally result in some kind of alteration in the cells On this account, the quanti- 
tative and qualitative changes undergone by them have been the object of intensive 
research Deficient platelet-formation and increase of immature cells had long been 
observed Limar2i and Schleicher,' in addition, described a toxic form, character- 
ized by a pyknotic nucleus and hyaline cytoplasm More recently, Dameshek and 
Miller' determined the percentage of megakaryocytes active in the formation of 
platelets and counted only 14 4 per Cent of the total number in the acute form and 
34 per cent or less in the chronic They also noted in both forms an increase in the 
total number of cells and in the percentage of mcgakaryoblasts and a proportionate 
decrease of proraegakaryocytes 

In our cases (rablea}, we have noticed a similar increase in the total number of 
megakaryocy tic cells Furthermore, the amitotic forms, found only occasionally 
m the normal, were invanably present The megakaryoblasts were more than 
normal, only in the majonty of cases The values of promegakaryocytes and mega- 
karyocytes were within the normal range This contrasts vnth the findings of other 
investigators We do not consider the presence of cells with pyknotic nuclei and 
agranular, hyaline cytoplasm as a specific anomaly in idiopathic thrombocytopenic 
purpura This cell, which is included in our division of asynchronic megakaryo- 
cytes, may also be found in the normal (table i) 

It has been further observed that when the condition of the patient was severe, 
the megakaryocytes, both mature and immature, containing more than ten plate- 
lets in the cytoplasm were characteristically absent When remission of symptoms 
took place, a small number of cells with more than ten platelets in the cytoplasm 
appeared The subdivision of each developmental stage of the megakaryocytes, 
from the funcuonal standpoint, into A, B, C and D cells is based on 
this observation 

Thus, reappearance of C cells maj be considered a good prognostic sign It 
ccrtainl) is a much more reliable index than the platelet count or the bleeding time, 
especially when whole blood transfusion was already given, before any hematologic 
analysis could be made 

In summar). the following changes were found in idiopathic thrombocj-topenic 
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purpura (i) an increase in the total number of megakaryocytes, (i) mvanablc 
presence of amitotic forms, (3) occasional increase of megakaryoblasts, and, what 
IS most important of all, (4) absence of C cells in the severe, and marked decrease 
of the same in the milder forms Ail this no doubt points to a rapid multiplication 
of cells and decided inhibition of their platelet-forming activity without inter- 
ference with the process of maturation 
Group II (table 3a) is composed of diseases assoaated with chrome splenomegaly 
Investigation of the megakaryocytes in this condition has not yet been extensively 
undertaken Besides Dameshek and Miller,’ who mcluded cases of secondary spleno- 
megaly for comparison in their study of idiopathic thrombocytopemc purpura, Cart- 
wright et al * made a similar research in cases of kala-azar They found a marked 
slackemng in the fragmentation of platelets from megakaryocytic cytoplasm 
An analysis of our data on the megakaryocytes (table 3) in this group, which 
includes 4 cases of malana, i of schistosomiasis and another of Banti s syndrome, 
shows (1) normal number of megakaryocytic cells, (1) presence of amitotic forms, 
(3) normal or increased megakaryoblasts, (4) a normal percentage of promega 
karyocytes and megakaryocytes, and (5) dimimshcd or absent C cells 
The last finding to my mind constitutes a convinang evidence in favor of the 
restraining influence exerted by the spleen over the megakaryocytic platelet-pro- 
ducing aaivity This theory receives addiuonal support from our investigation of 
other cases of secondary splemc enlargement which arc not included in this report, 
because thrombocytopema was absent In them, the C ccUs were invariably below 
the normal percentage The platelet count was maintained at a normal level by a 
compensatory increase in the total number of cells 
Case ^ of this group was splcncctomized and after four days the platelets rose 
from 173,000 (D) per cu mm to 1,090,000 per cu mm and the C cells fi'om i 
per cent to 51. per cent This result tallied with the findings of Amencan investi 
gators after splenectomy in idiopathic thrombocytopemc purpura 

Group III (table 4a) compnses various diseases dimcally unalhcd which never- 
theless exhibited similar megakaryocytic reactions Five were infecaous in nat^, 
one chronic myelogenous leukemia, one acute myelogenous leukemia and the ^^t 
aplastic anemia with normoccllular bone marrow The important changes ^ 
megakaryocytes (table 4) were (1) normal or low total number, (1) 
promcgakaryocytcs and (3) complete disappearance or low percentage 0 ^ 

In contrast with the first two groups, here there was a defimte hastening 0 


non 


Few invesugators have studied in detail the changes of the 
these diseases The data gathered prove to be intcrcsung, since they o 
addiuonal explanauon for the spontaneous hemorrhages ^„l,uted to 

in lesions of this group In infection or toxemia, to the 

a toxic injury sufi-ered by the capillary walls,' m bactmd « ^ 

blocking of small vessels by emboh,”' and m ptimaiy blood ^ of 

rcducuon of the number of megakaryocytes ” While the cause 

these factors may not be denied, still our observation indicated 

may come into play 



VlCrORTNO DE tA rUENTE 


619 


General Conclusions 

E\cn in the normal (table i) it is ob\ lous that there exists only a loose connection 
benveen maturation and function of the megakar) oc> tes While in the granulocy- 
tic and erjthroid senes, function is discharged onlj after attainment of maturit), 
in the megakarj oc) tes platelet-formation ma) take place even at the earliest stage 
of development However, the more mature the cells are, the greater is the number 
of platelets produced 

This dissociation of function from maturation is exaggerated in the abnormal 
marrov? Cases in Groups I and II showed a distinct arrest of function, w hile the 
process of maturation remained normal The process of maturation in cases of 
Group III was accelerated with associated depression of platelet-production To 
complete the senes of disturbances actuallj observed, we maj mention that in 
many cases of iron-deficiency anemia, the mcgakaryocy-tcs undergo a rapid rate of 
maturation, without interference with formation and delivery of platelets to the 
peripheral blood In our experience we have not yet encountered a single in- 
stance wherein maturation was delayed 

From these facts, we conclude that the principles responsible for maturation and 
for platelet-production are not the same 

Comparing the differential counts of the megakaryocytes as found in normal and 
thrombocytopenic individuals, the number of platelets in the peripheral blood 
appears to be maintained at the normal level of 400,000 to 800,000 (D) per cu mm 
by 34 to 51 per cent of C cells A diminution of these cclk, unless compensated 
by a very excessive proliferation, as seen in some cases of chronic myelogenous 
leukemia, is reflected in the peripheral blood by a low platelet count Disappear- 
ance of C cells corresponds to a thrombocytopenia of less than 100,000 (D) per 
cu mm 

The platelet count bears no relation to the percentage of B cells 
Comparing the dau in tables x, 3 and 4, it would appear that idiopathic thrombo- 
cytopenic purpura docs not present a specific mcgakaryocy'tic picture, except in the 
acute stage, where the total number of cells is markedly mereased and the C 
cells arc totally absent The conjunction of these two findings is not seen in other 
conditions 

The association of thrombocytopenia in any disease with disturbance of the 
megakaryocytes points to the fact that in general the cause of the former acts 
through the latter Thrombotic thrombocytopenic purpura “ “ may be an excep- 
tion to this rule However, in the cases reported no detailed cxaimnation of the 
megakaryocytes, as is possible only in direct smears of the bone marrow, has been 
made Chronic splenomegalies secondary to various unrelated lesions offer an 
additional and strong clinical proof in support of Dameshek s concept of hyper- 
splcnism (We are not yet in a position to evaluate the sequcstration-and-phagocy- 
tosis theory of Doan 

The spontaneous hemorrhages in infection and toxemia and in certain primary 
blood dyscrasias pose a question to which the answer is yet to be found Is the thrrnn- 
hxytopciiia of this nature also mediated tbrouf}} the spleen^ The latter, as is known, is 
involved in infection and leukemia, though in a different way However, the prob- 
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km becomes more puzzling when a megakaryocyttc picture similar to that found 
in the nvo former conditions is associated with an atrophic spleen as in Case id 


Summary 

The megakaryocytes la 5 normal and lo thrombocytopenic individuals were 
studied The stages of development undergone by the cells were dehneated and a new 
classification, according to maturauon and function, was made 

Using this classification, the megakaryocyuc reactions m the 10 cases of throm- 
bocytopenia were grouped into three distinct types The fiist is chatactenzed by a 
rapid multiplication of cells and a marked inhibition of platelet-formation without 
change in the process of maturation The second is similar to the first with this 
exception that the total number of cells is not increased The third reacoon shows 
a normal or low total number of cells, with inhibited platelet-formation and ac- 
celerated maturation 

From the collected facts, the following conclusions are inferred (i) The factors 
of maturation and of platelet-production afi^ecting the megakaryocytes are different 
(i)Cerrain diseases may disturb either of the two processes or both (3} The number 
of platelets in the circulating blood is directly related to the percentage of mega- 
katyocytic C cells in general (4) Lesions affecung the spleen usually check the 
fragmentaDon of platelets from the megakaryocytic cytoplasm (5} Infection and 
primary blood disorders may cause changes in the megakaryocytes but the explana- 
uon for this is still to be investigated 
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PLATELET THROMBOSIS IN HUMAN HEMOSTASIS 
A Histologic Studi or Skin Wounds m Normal and Purpuric Individuals 
By Howard D Zucker, M D 

T he IMPORTANCE of blood platelets and platelet thrombosis in the hemo- 
static mechanism of rats has recently been demonstrated by M B Zucker * 
In vicrv of the frequency of species variation in anatomy and physiology, it 
became of interest to obtain evidence for or against a comparable role of platelets 
in spontaneous human hemostasis The desirability of such a study was confirmed 
by a search of the medical literature, very few observations on the mechanism of 
hemostasis in man have been published since 1882. when Haycm= and Bizzozcrcd first 
reported on the form and function of mammalian blood platelets This void is in 
sinking contrast to the extremely large literature dealing with the hemorrhagic 
diseases, blood coagulation, and with blood and isolated blood elements Much 
arcumstantial evidence concerning the mechanism of hemostasis in man is avail- 
able from these data 

The technical difficulues in microscopic observation of human vessels dunng 
the arrest of hemorrhage have not been overcome Apitz^ and M B Zucker* have 
studied mesenteric vessels of small mammals at magnifications sufficient to permit 
identification of the formed blood elements, this method is impracticable in man 
Nail-fold capillary studies, such as those of Macfarlane' and of Magnus,' are of 
hmitcd value, since the skin thickness and the refractive similarities of unstained 
platelets and plasma prevent dcfimtivc idcnufication of the wound and vessel 
contents Histologic study of fresh, human puncture wounds through senal 
sections was chosen as a method which would permit analysis of some of the 
factors involved in human hemostasis Shortly after these expenments were begun. 
It was discovered that Apitz* had earlier applied serial section methods to bleeding 
time puncture wounds, obtained at autopsy 

Methods 

The slan of the neck or abdomen of ancsthetiecd sorgical patient* wa* cleamad with alcohol and 
punctured by a tmall Hagedom needle , each puncture was designed to penetrate 3-4 mm beneath the 
surface Many puncture wounds in control and purpuric patients failed to exhibit macroscopic bleeding 
and in such mstances puncture was usually repeated at a distance Microscopic hemorrhage was in- 
variably found when such grossly dry puncture wound* were studied When visible bleeding ensued, the 
local blcedmg time was recorded by absorption of the drops of blood at half minute mtcrvals * 

After puncture, the patient was prepared for operation in the usual manner except that scrubbing di- 
rectly over the wound was avoided At the time of his initial inusion usually fifteen to twenty minute* 
aftet the test, the surgeon removed a small ellipse of skin and subcutaneous fat conuining the puncture 
The biopsy spearaen was trimmed to appropriate site with a straight razor the epithelial surface flattened 
on blotting paper and the speamen fixed in half strength Zenker formol solution After three and a 

From the Laboratones Division of Pathologjs the Mount Sinai Hospital New York Ot) 
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h»U hours the hlocL. wis removed thoroughl} vijshed m running water dch)dratcd, and paralhn-em 
bedded in routine manner S.rial itttions, at 7 micra, were cut through the entire bloel:, and mounted 
in stnps of 4 to 7 sections prr slide Iniariab!) a few $*ctioni were lost, but not many from an) senes 
Most slides were stained in Mallor) s phosphotuogstic acid hematoi) lin solution which p-rmits differ 
entiation between er)throC)tcs fibnn and platelets and platelet products b) structural and staining 
qualities Occasional slides were stained with hematoxslin and cosin, or with Weigert s elastica 
Blocks of sUn from three patients with normal bleeding times were studied Two sore from the necks 
of hyperth)Toid pauents and one from the abdomen of a patient ssith chronic peptic ulcer All were re 
moved nnd"r ethylene-ether anesthesia w ith scopolamine and morphine prcracdication The local bleed 
ing times were ij o Cno macroscopic bleeding), and ij minutes tesp-otiscl) Further controls seemed 
unnecessary since in all three the essential findings resembled those reported in Apira s’ 11 au 
tops) controls 

Four blocks of abdominal skin remosed from patients undergoing splcncctom) for idiopathic thrombo- 
cytopemc purpura were studied Abstracts of the clinical and pathologic data follow , the hematologic 
dau ate presented in uble 1 Bleeding tim's of the cxp-eimmtal punctures are gisen svith the histologic 
desenpuons CResults) 

Case Reports 

I S H C56M54) A a£ month old male infant ssith negative farail) histoi) past history of recurrent 
eczema had a history of intermittent red stools and gingisal bleeding since birth He had had two at 
tacks of generalized purpura Ph) sical examination revealed closed fontanellcs, liver one finger below 
the costal margin, many petechial and larger hemorrhages in the mouth and over the skin Splenectomy 
was performed under ethyl chlonde-ether anesthesia with atropmc morphine premedication The spleen 
weighed 4S Gnu (normal 53) microscopically it showed hyperplasia with slight, acute loflammatory 
changes, and was considered compatible with the diagnosis of thrombocytopenic pntpnra hemorrhagica 
Postoperanvely the patient had pyodermia which cleared under penicillin Seven months after splen 
ectomy he had no signs or symptoms of further purpura 

n ML (566567) A la. year old housewufe gravid i para i with family history of allergies, had, 
herself had childhood eczema and frequent rashes sometimes with pruritus and urticaria For three 
years she had had a butterfly rash over the bridge of her nose which, diagnosed as discoid lupus, was 
treated with shore courses of bismuth and one year before admission with three doses of mapharsen 
followmg which patient had three days of fever associated with leukopenia During the year pnor to 
admission the face lesions had become fainter During that same year there was onset of a progressively 
severe hemorrhagic diathesis whose manifestations included severe menorrhagia, and showers of skin 
petcchiac Physical examioauon B P 106/66 Scaling crytberoatoos lesions over nose Generalircd 
mucosal and skin petechiae and ccch)Tnose$ up to 4 cm. in diameter Splcneaomy was performed under 
ethylcnc-cthcr anesthesia with morphine and hyosane premedication The spleen weighed 160 Gm 
showed no significant histologic changes and was considered compatible with a diagnosis of thrombo- 
<7topemc purpura Postoperanvely there was a three w-cck fcbnle course attnbuted to a snbphrenic 
hematoma, thereafter, the patient was well Her husband, a physicun reports her free of signs and 
symptoms of purpura 8 months after operauon 

AH (565055) A z6 year old woman with negative family history and negative past history 
was admitted because of easy bruising and recurrent gingival bleeding during the preceding year More 
recently episcaxes, prolonged menses and finally, tarty stools and smoky urine had been noted Physical 
examination B P 110/60 Liver at costal margin Generalized pinhead and larger mncosal and skm 
hemorrhages and ccchymoscs Splenectomy was performed under cthylene-ether<urare anesthesia with 
morphine and atropine prcmcdicacioo The spleen weighed 86 Gm , and microscopically showed con 
spicuous blood cell formation mainly erythroblasts and megakaryocytes a feature found occasioually 
■n thromboc) topemc purpura with secondary anemia For two and one half weeks the postoperative 
course was febrile gmgiv al bleeding continacd and petcchiac appeared over the lower extremities on 
amhulation B) two months the patient was sign and $)mptom free and she remained so until her 
moit recent follow up visit five months postsplencctomy 

fV SC (565567) A 58 ) car old businessman with negative famil) history and vnihont previous 
illness gave a SIX year history of gingival bleeding For one) car s) mptoms had been increasing wutb 
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easy bruising and one qjiiode of tarry stools and smoty nnne Physical exammanon B P 176/go 
Negative except for small ecchymoses on the tight thigh and evidence of recent gingivil hemorrhage 
Splenectomy was performed under ethylene-ether anesthesia with morphine and atropine prcmedication 
The spleen ssxighed 150 Gm and showed no significant histologic changes other than a slightly in 
creased number of eosinophile and polymorphonuclear neutrophilc leukocyres compauble mth a diag 
nosis of thrombocytopenic purpura The postoperative course was uneventful 

Resdi.ts 

General Observations In all of the blocks, the anatomy of the cutaneous blood 
vessels conforms in every esscnual to the description by Spalteholr ’ Without his 
contrast injection technic, and without the physiologic methods of Chambers and 
Zweifach,*” distinction between prccapillary artcnoles, thoroughfare channels, 
and postcapillary venules is imcertain, since all are of the order of 8 to 14 micra in 
diameter, and since their muscular components are attenuated Identification of 
these small vessels by traang them through the senes to easily identifiable artenal 
and venous radicals of the next largest order, is both tedious and difficult, since 
these larger artcnoles and venules charactcnstically run in close assoaation No 
attempt has been made to distingmsh between the majonty of these minute vessels 
since the sequels of hemorrhage arc found to be the same in all 
Unusual valves, bnefly mentioned by Spaltcholz,* arc seen in several blocks 
These valves lie tn the mouths of small tnbutary venules e-tactly at their entrance 
into a large venule of the 4th venous (subcutaneous) network, the anatomy of 
these valves is clearly established by observauon through the senes Onl) a feiv 
tnbutary venules exhibit such valves, and conventionally placed valves are also 
seen in the large venules 

In contrast with the findings of Spaltcholz, who reports single capillaries, pre- 
or postcapiDary vessels arc often seen dividing mto two true capillanes near the 
peak of a papilla This contrast may be due to local vanation detcrmmed b) choice 
of different skin areas 

The structure of the experimental wounds is vanable, despite attempts to punc- 
ture the skin with uniform technic None of the wound mouths gape widely 
Most of the wounds have a charactenstic, narrow, V shape, but while some pent 
trate only half of the skin thickness, others extend into the subcutaneous at 
Most stnking is the variation in the number and caliber of the vessels which ave 
been cut In blocks where few vessels have been cut, sizeable vessels whic a't 
escaped puncture can often be traced through the scries within a fciv micra 0 t e 

wound edge . , 

No difference can be made out between the endothelium of blood vesse s o 
trol and of purpuric patients, or between the endothelium of sn^ ct an ar^J 
vessels In normal and purpuric skins, the endothelium of opened / 

exhibits two or three flattened, pyknouc nuclei near the lips of the v 

the rcmaimng cndothchal nuclei arc normal moderate case 

Althoush sigmtots ol e™ capillants are recogared i 

.te re»o.«, only rare cap, Uanre can 1 - .ndcred 
Opened by the punctures Presumably rccogniuon of these 
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the traumatic distortion of their endothelium, and, possibl), bj collapse and b} 
endothelial agglutination 

thermal Skin All of the needle puncture wounds in normal skin arc filled bj 
masses of well preserved cr)throc)tcs and strands of fibrin The fibrin appears in 
strands of varying densit) , or in the form of fine needles The heaviest fibrin bands 
are onented in the long axis of the wound, roughl) perpendicular to the skin 
surface, less dense strands arc seen threaded in all directions between the red cells 
Thewound margins have an incomplete, thin fibrin cover, where this is lacking the 
tissue edges arc usuall) bare, but, in places, platelet masses (viz infra) form the 
limng Occasional white blood cells, single or in groups, arc seen in the coagulum 
Smaller and larger refractilc fragments of the horny layer may be found in the 
wounds, some in deep or superficial recesses, others l>ing at the side of the red 
ccll-fibnn clot, none have tamponaded blood vessels in the manner described by 
Apitz t No inclusions of other epidermal layers arc seen in the wound depths, 
although small, doorlikc strips of the entire epidermis, with distorted, pjknotic 
nuclei, may be seen opening cither inwards or outwards at the wound mouths 
The difficulty of identifying opened true capillaries has been described No 
capillancs arc plugged by platelet masses Such open capillaries as arc identified 
have fibnn strands scaling their exposed lips, the sealing fibnn strands lie along the 
wound margin, and do not enter the lumens of the transected vessels 
One or more precapillary arterioles or postcapillary venules have been transected 
by each puncture In these normal skins, every such vessel, save cwo, is scaled by a 
small or large platelet plug A number of loose blood platelets arc seen in the 
stumps of some of these transected vessels, gtving the illusion of streaming towards 
the wound The stumps arc scaled, however, by a densely packed platelet mass, 
90 per cent of which protrudes from the stump into the needle puncture tract 
Occasional well preserved platelets ate made out within the masses, but the bulk 
of the platelets arc already involved in the process of fusion Cvtscous metamor- 
phosis) which is characteristic of these elements in animal experiments ’ ’ 
and in vitro ’ ” These coarsely granular masses, which stain blue-gray in 
phosphotungstic acid-hcmatoxylin, bear no resemblance to nearby red cells At 
the margins of the fused platelet thrombi there is, characteristically, a thin, 
darkly stained band which resembles fibnn, but which docs not have the clear 
definition of the fibnn in the adjoining clot Similar condensed bands, never more 
than one or two, may sometimes be seen within the plug, but discrete fibers or 
needles of fibnn arc never seen Single, well preserved red or white blood cells 
occasionally he within the platelet thrombi Exceptions to this mcchamsm of 
platelet thrombosis arc seen in pre- or postcapillary vessels in two different blocks 
In one of these a red cell can be seen squeezing out of an unclosed vessel mto the 
punaurc tract, in the second instance a similar vessel, well beneath the germinal 
layer. IS ughtly covered by a portion of the fibrin lamella lining the wound tract 
Fibnn is not seen within the lumens of any of these thrombosed vessels 
In many sections platelet masses can be seen lying within the wound tract 
Without apparent relation to an opened vessel (fig i) Invariably these masses 
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Fio I — PnNcrnnE Wound or Normal Skin A fused plitdcc nuts ii teen Ijioj ■° ^ 

coigolom The vessel from which the miss originates is not seen m this lecnoo pCT,„5ailir 

Fio 1.— ^5 Micron Arteriole in Normal Skin Entriviiitcd erythrocytes Ije 
imee The vasculir defect is filled by i platelet thrombus which is ivided by a ^ IcuLocytcs 

wall Within the thrombus many mdividnal platelets can be identified as svel »s 

and several erythrocytes l„. I. the raps m the injured 

Fio 3 -150 Micron Venule IN Normal Skin ^ l»ngn ^““^ ^ll.Bunaiioii 

vein wall Mid obstructs some of the vessel lumen The thrombus exhibit, prominent margma 

India Ink discolors the adjacent fat 
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can be traced, through the senes, to the stump of a setcred small vessel Thus, in 
three dimensions, one ma> picture the normal puncture wound as a tubular tract 
into as hich a a arying number of small vessels open Each opened end is scaled by a 
platelet cork, the bulk of avhich projects into the tube The remainder of the tube 
IS filled aaith a red ccll-fibrin clot reaching to, but not bejond, the sbn surface, 
infrequent avhitc cells and small, hornj-lajcr foreign bodies arc scattered through 
the clot 

No acssels greater than 1.50 micra in diameter have been injured by the experi- 
mental punctures In one block of normal skin an arteriole, measuring 55 micra in 
Its smallest diameter, has been perforated This vessel lies at the surface of the 
subcutaneous fat, near the margin of the block Since no continuity can be demon- 
strated between this injury and the needle ssound, it is believed that the artcnolar 
damage was sustained during the process of excision The arteriole is surrounded, 
along most of its course in the block, by a collar of extravasated erythrocytes which 
infiltrate into the adjacent fat Through many sections of the senes a defect can be 
traced in the vessel wall, more than one-third of the circumference is involved at 
the site of maximum damage The margins of this vascular wound arc not entirely 
smooth, and a remaining shred of wall, at one end of the series, gives the illusion 
of two adjacent artenal wounds rather than of a single one The defect in the ar- 
tenal wall is completely filled by a fresh platelet thrombus, composed, in large 
areas, of tightly packed blood platelets so well preserved that each may be dis- 
tinctly made out In other areas fusion has occurred and only occasional individual 
platelets can be made out, here the structure resembles the plugs described in the 
smaller vessels Occasional red or white blood cells are included in the thrombus 
which contains no fibnn, but exhibits the marginal band described in the smaller 
plugs The platelet thrombus lies almost enurcly within the gap in the artenal 
wall, some knobby excrescences protrude into the adjacent fat, or, without a|>- 
prcciable obstruction, into the artenal lumen (fig 1) 

A x^o micron venule of the 4th network has been opened in a different case 
Again the defect is unrelated to the experimental puncture This was the only ex- 
periment in which an attempt was made to mark the region with an intracutancous 
India ink dot The sections show that the tattooing needle penetrated subcutane- 
ously, and destroyed a considerable segment of vein wall As with the artery, the 
vein IS surrounded by a pool of extravasated blood, and the defect in its thin wall 
is entirely sealed by a platelet plug This is a massive thrombus of somewhat 
looser construction than the others, for the individual platelets arc dearly seen 
with hairlike, stellate processes radiating between them In some sections more 
than half of the circumference of the vein wall is missing, and has been replaced by 
the thrombus, the vascular lumen is two thirds obliterated at some levels (fig 3) 
Other, smaller venules show an entirely similar picture on a reduced scale, one 
exhibits streaming of individual platelets toward the platelet plugged opening 

No unsealed, injured artencs or veins arc found in these normal blocks, except 
at the extreme periphery where microtome and fixation artefacts are too frequent 
to permit analysis in serial section 

In uninjured larger vessels, in intersuccs in the subcutaneous fat, and within 
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some of the wounds one maj see masses of finely granular and linear matcnal u-hich 
usually stains blue with phosphotungstic aad-hcmatoxylm, but occasionally stains 
buff The granules never exceed o 4 micra in diameter, and the largest lines arc not 
more than o 4 by i micra, although they tend to coalesce This matenal is seen 
in all my blocks (normal and purpura) It corrcsponds in appearance to the illus 
trafion in Fitzgerald s recent paper' on acute febnle thrombocytopenic anemia 
(his fig 1) In this laboratory identical material has been seen in the portal vein 
radicles of routine autopsy liver sections in a variety of condiuons, particularly 
in cases with conspicuous hepatic edema No systematic search of other organs 
has been made This matenal consists, therefore, of parades much smaller than 
blood platelets, docs not resemble the products of platelet fusion as described here 
and elsewhere, is seen in conditions unassoaated with platelet thrombosis, and 
is presumed to have no physiological bearing on the present data I believe it to 
be a granular prcapitatc of plasma protein 
Skin tn Idtopathtc Thrcmbo^loptntc Purpura Case I had two punctures one of which 
failed to bleed macroscopically, the second puncture bled for 15 mmutes, until 
excision The sections exhibit a penetrating, superfiaal wound which, running at 
an angle 0/30° to the skin surface, can be followed through much of the senes 
This extensive wound is filled with uncoagulated blood, and I believe that it 
represents enJargment of the second experimental puncture consequent to 15 
minutes of active bleeding A few threads of fibnn are scattered among the red 
cells, but no platelets are found in any section Vanous severed or punctured 
vessels arc encountered One is a capillary from which red cells can be seen escaping 
into the wound A number arc opened pre- or postcapillary vessels, none of these 
are sealed, and most contain and arc surrounded by red cells Several arc unsealed, 
transected or punctured venules (fig 4) Another is a moderate sized arteriole 
which opens into the wound from below No large, injured vessels arc cncoun 
tered 

A second, very superfiaal puncture wound is seen at one end of this block 
Although the puncture never bled macroscopically, it is filled with a red cell 
fibnn coagulum whose denser fibnn strands are oriented perpendicular to the skin 
surface No opened vessels of any caliber arc identified in the senes, and no plate- 


lets or platelet masses are present 

Carr II This puncture wound bled for three minutes and was removed at tera 
imnutcs It IS seen to penetrate to the deepest lay ers of the conum, but not into i e 
fat The wound contours arc entirely similar to the controls, and the tubular traa 
IS filled with a red ccil-fibrin clot In the depths the densest fibnn smn s are 
onented in the wound axis, perpendicular to the skin surface, but near t c worn 
mouth the dense strands form a transverse dam, paralleling 

5 , Th= fo«.d opens .•» .!» ~ '» tX, “2 

non? arc gixatcr than lo micra in diameter No blood platelcn or p 
are seen There is prominent dilatation of many In 

Case III Two punctures were made, each of wh^ bW ^ 

an effort to obtain matcnal of greater interest, a third puncture 
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F.O 4 -MonE*^TB Si«n VBKnix .K Tb.om«>cvtoph.v,c Pv^v^ Blood .s seen c^p.ng into the 
poivxKuUr tusucs from a. small ptrforacion Platcicu and fibnn arc absmt 

Fto s-PoKCtoEEWouvomTHaosiBOCYTOPi^cPnEn^ No pUtclct masses arc present Several 
‘^sc superficial strands of fibnn parallel the skin surface 

F.O 6^«Mt,Motcat^VEjrCxxM.c»*)mPa.pu.t^ (.) Two vessel* apFoach wound edge 

V^hich u coited by thm 6brm strands and emneshed red ceUs The opemog be^ the vasels is w 
ttefact (b) The lower vessel is open C-) -ts Up are sealed by the overlying 6bnn-red cell clot The 
Mtefact IS soil seen 
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Jwgc, cutting edged, surgical needle, this wound bled fteel> for ten minutes, until 
the entire block was removed 

Both of the smaller wounds are filled with fibnn- red cell clots One, near the 
edge of the block, has been so distorted by fixation and cutting that it cannot be 
followed in scries The other is similar in contents, and in the size and appearance 
of Its cut vessels, to the tract of Case II Unlike Czsc H the denser fibnn strands in 
this puncture arc oriented perpendicular to the skin surface 

The third wound is U shaped, and about two and onc-half umes greater in 
diameter than any of the other wounds studied It penetrates to the base of the 
conum The superficial portions of the wound arc empty, perhaps due to falling out 
of their contents At the wound margins there is a thin fibnn network with cn 
meshed red blood cells The deeper portions of the wound contain a red cell fibnn 
coagulum in which the uppermost, dense fibnn strands parallel the skin surface 
Some opened pre- and postcapillary vessels arc cncountcrcd_at the wound edges, 
most of these arc scaled by fibnn (fig 6 ), but some lack seals, as do several capil 
lanes No larger vessels have been cut No platelets arc seen Small, finely granular 
masses suggesting plasma precipitate arc present 
Case IV Two punctures were made, both of which oozed bncfl) , the local 
bleeding times were less than A minute The block was exased at 10 minutes 
Both wounds have the charactcnstic, narrow V shape, and arc filled with fibnn red 
cell coagula One penetrates to the deepest conum, ending among some sweat 
glands, the other penetrates only half of the skin thickness The denser fibnn 
strands in both wounds arc onented in the wound axis, perpendicular to the skin 
surface A few cut pre- and postcapillary vessels are identified in each wound, 
very few in the smaller These vessels, as well as the rare capillanes identified at 
the wound edges, arc scaled by fibrin No platelets or platelet masses are seen 


Discussion 


Platelet Agfjutmatton Intravascular thrombosis, rather than hemostasis, was the 
subject of Bizzozero s’ experiments His investigations, confirmed and elaborated 
by others,”'” have clearly established that mammahan blood platelets rapidlj 
agglutmatc at the site of vascular injury Here they form intravascular platelet 
thrombi, with the inclusion of occasional red or white blood cells The 
platelets qmckly undergo the same viscous metamorphosis that is seen in 
and they subsequently become surrounded by sccondar} clot composed pMCipa ) 
of red cells and fibnn Welch” and, particularly, Aschoff” Jjave^ercd mucti 
evidence for the identity of cxpenmcntal thrombi with those encountered in uman 


Hemostasis effected by platelet agglutination was fint demonstrat > J , 
m an cxpenmcntal wound of a dog s jugular vein Lubnitzk-j,' m ^ ^ 

hcmostaticplatclctthrombosisinsimilarwoundsofrabbits cruia a , 

a lapse of forty years, this early work was confirmed by 

and%^dcd by them m studies mvolving cxp^ental 5^ 

hcmostauc mechamsm, such as the use of hepann, J j^clets also 

The present observations confirm Apitz s demonstration th P 
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agglutinate in the defects of cut skin vessels in man Such platelet thrombi have 
been seen in vessels ranging from 8 to micra in diameter 
The rate of platelet agglutination in vascular \%ounds \sas first studied b} Lub- 
niak) ” Her histologic studies shots that, in rabbits, an incomplete thrombus 
fills the ancrial gap within fifteen seconds, but that open pathways remaining in 
the platelet plug are not closed until the end of the first minute The modem work- 
ers' ■* have watched the formation of platelet thrombi in vascular wounds of 
small animals, these thrombi, which appiear within ten to thirty seconds, become 
hemostaticall) effective within four minutes, despite gentle irrigation My obser- 
vations indicate that the rate of platelet agglutination in man approximates that 
seen in other mammals Thus, viscous metamorphosis seen in blocks removed as 
early as ten minutes after experimental puncture, indicates that the platelet thrombi 
have been present for some time In one instance, an arteriolar wound, thought to 
have been incurred dunng the removal of the block, is plugged by a mass of mor- 
phologically distinct, unfused platelets, presumably this plug formed in thirty 
seconds or less 

The normal adhesiveness and cohcsivencss of platelet agglutinates has not been 
quantitatively studied Lubnitzky'* showed that unsupported platelets can not 
resist the blood pressure of large arteries, since platelet thrombosis could be 
produced in rabbit arteries only if moderate proximal pressure were applied The 
present experiments show that in man, even without fibrin backing, a platelet 
thrombus can resist the effective blood pressure in an arteriole of 55 micra 
The structure of platelet thrombi varies somewhat, according to the nature of 
the vessel thrombosed In larger arterioles the platelet masses lie chiefly within 
the mural defect, but exhibit small intraluminal projections, larger projections 
may be prevented by the breaking off of tiny emboli, a phenomenon desenbed in 
expcnmental animals ' ■* The platelet thrombi in some venules exhibit large 
intraluminal projections, probably because fragmentation is less frequent with 
lower blood pressure In smaller vessels the plugs are more like mushrooms, with 
a small stalk lying in the vascular defect, and a larger, extravascular projection 
Neither Apitz^ nor I have seen platelet thrombi m true capillanes 
The factors underlying the deposition and agglutination of platelets are not 
clarified by my data The exhibition, at the lips of each severed vessel in the sec- 
tions, of one or two distorted endothelial nudei, is no reason to assume a causal 
tclationship with the arrest of platelets at these sites And, although this endo- 
thchal alteration is present in every vessel, no platelets have accumulated at the 
mouths of opened capillaries, and none have accumulated in the stumps of the cut 
vessels m cases of thrombocytopenic purpura The present histologic studies permit 
no mterprctation of the possible hydrodynamic factors’” involved m platelet 
^gglutmation, nor of the chemical or physical factors which render blood platelets 

agglutinable 

Ftbrtn Drposttton In man, as in cxpenmental animals,^ there is no evidence that 
bnn playrs a significant role m platelet thrombus formation The plugs de- 
senbed by Apitz" and by myself contain occasional dense, Imear strands, and are 
nsually Outlined by thm, pcrimcmc bands, we both consider this matenal to be 
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fibnn, but do not bdicvc that it is csscnual in the structun: of platckt thrombi 
It IS possible that minute quantities of fibnn, not identifiable b^ routine histologic 
methods, are formed at the platelet interfaces during thrombosis 
The present observations support those of Schimmelbusch,’* who first opposed 
the theory’ that platelets are the anatomic nidi from which fibnn strands anse 
■^^irtually no fibrin is seen in the pools of extravasated blood which arc found 
surrounding large subcutaneous arterioles and venules exhibitmg platelet thrombi 
Converselj , abundant fibrin is seen in the platelet free puncture wounds of pur- 
puric patients Except for the thin penmetne lamellae, the orientation of fibnn 
ivithin the normal tracts seems unrelated to distribution of the platelet thrombi 
Htmostasis Any tenable theory of nor m al, spontaneous, human hemostasis 
must account for the arrest of bleeding within a stated ume mterval (one to three 
minutes for small skin wounds”), and must account for the prolonged absence of 
renewed bleeding Doubtless many factors are operative in the hemostatic mcch 
anism, as is clearly brought out in Tocantins recent review ” Whatever the 
contnbutory factors may be, bleeding stops when no more red cells escape from 
opened vessels, and renewed bleeding can only be prevented by the permanent 
sealing of opened or severed vessels An essential problem m hemostasis is, there 
fore, the nature of the hemostatic vascular seal 
Fibnn formation, 1 e , coagulation of the blood, has often been suggested as the 


mechanism whereby opened vessels arc sealed Hayem' raised the objccaoa cbic 
fresh blood is continually passing between the lips of vascular wounds, and that 
such blood will not clot, in vitro, within many minutes His objection seems vahd 
today In the laboratory, even with excess thromboplastin, human blood docs not 
clot in less than eleven seconds-’, therefore, even if fibnn be a suiliaent seal, a 
given drop of blood must be delayed for eleven seconds at the hp of the severed 
vessel if hemostasis is to occur 


Macfarlane,’ in his stimulating and widely quoted review, has suggested that 
vascular contraction may account for hemostasis by providing sufficient time for 
coagulation of extravasated blood As a corollary it is postulated that fibnn is an 

adequate hemostatic agent Common surgical expenence contravenes the assum^ 

tion that red clot is likely to act as an adequate seal for larger vessels Unligat 
vessels, in the tonsillar fossa for instance, frequently recommence bleeding ” 1 ”*^ 
the presence of abundant red clot Although Tannenberg and Herrmm 0 ere 
expenmental evidence that contraaion of small vessels may prevent 0 o«^ 

their expenments do not estabhsh that such vasoconstnction is follow y t 
permanent arrest of hemorrhage It is possible that in smaller mus 
under some circumstances (viz infra), fibnn may be an adequate sea a 
and Zweifach,” and the aarks,-‘ have presented evidence ffiat 
true capiUanes does not take place Consequently, in the I, 

visualization or of histologic confirmauon, it is difficult « ^ 

nail-fold capillary contraction, as reported by hmostasis. 

Hayem stated that blood platelets are the essential factor conforms 

and that other elements arc merely accessory and s«ondary 
to modern evidence In man, Apitz’ and I have shown that plate 
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nonnall) form m most cut skin \csscls larger than capillaries The present experi- 
ments also show that human platelet thrombi can form within the expected time 
span, and that such thrombi arc pressure resistant The importance of platelets in 
the normal mechanism preceding clotting is further indicated both b) the failure of 
fibnn formation in briskl) bleeding thrombocj topcnics who had normal clotting 
and prothrombin times, and b) the dclaj of fibrin formation in other thrombocy- 
topcnics 

One might then picture platelet thrombi as coffer dams which, aided by local 
vasoconstnetor mechanisms, stop or slow the blood flow to the point where ex- 
travasated blood within the wound is given sufficient time to clot Not all small 
vessels need have such a plug, for, once the flow has been considcrabl) slowed 
coagulation will occur, and will seal an) small vessels which have not yet ac- 
cumulated sufficient platelets, rare fibnn-sealed small vessels have actually been 
seen in my normal blocks, none larger than li micra The formation of fibrin 
within the wound tract, and its later retraction, represent the construction of a 
permanent, concrete dam which anchors and reinforces the older platelet thrombus 
coffers Once the fibrin has buttressed the platelet thrombi, resumption of normal 
picssure relationships, as the vasoconstriction relaxes, is less likely to cause re- 
newed bleeding In contrast, coagulation alone, secondary to tight vasospasm or 
to obliteration of a vessel lumen by pressure, may fail to maintain hemostasis once 
the blood pressure is restored, for, without blood flow, thrombi can not have 
formed 

In capillary hemostasis the platelets may play no role Neither Apitzt nor I 
bave seen platelet plugs in human capillaries Presumably the chief hemostatic 
factor in these vessels is the small difference between intracapillary and tissue 
pressures, this small pressure difference, and reflex contraction at the capillary 
mouths, result in an ooze of blood from the opened capillanes which is suf- 
ficiently slow to permit coagulation within the wound Evidence for this hypo- 
thesis IS seen in the normal bleeding times of the puncture wounds of some throm- 
bocytopcnics, these wounds contain fibnn-rcd cell coagula scaling the capillaries, 
and also the few prccapillanes which were cut Apitz^ has repeatedly seen im- 
mediate, permanent hemostasis in transected animal capiUancs, due to endothelial 
agglutination, presumably this mechanism also occurs in man, and may account 
for the scant number of opened capillanes visualized 

The architecture of the fibrin mesfawork within wounds has not been desenbed 
in the literature Consequently, in view of the small senes reported here, the fibnn 
structure can not be stressed The alignment of the denser fibnn strands in normal 
wounds may be in the direction of blood flow, for they are aligned in the long axis 
of the Wounds In contrast, the superficial fibnn layers, in two thrombocytopemes, 
Dndgc the wounds parallel to the skin surface, this configuration may be a con- 
comitant of pathologic hemostasis 

The present results, and those of Apitz,^ confirm the widespread, but prcviousl) 
misupportcd, belief that there is great sirmlanty benveen the human hemostatic 
mechanism and that of other mammals The close parallel to the experimental 
observations of Apitz^ and M B Zucker' suggests that associated physiologic 
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mechanisms, demonstrated in the laboratory but inaccessible to histologic study, 
also come into play in human hemostasis 

Bleeding Time The clinical usefulness of the blecdmg time is well established “ 
A prolonged bleeding time is of pathologic and diagnostic significance, Quid’* 
states that it is seen in the thrombocytopenic purpuras and in pseudohemophiha 
(thrombasthenia) The bleeding time may be normal in toxic purpuras, hypopro- 
thrombinemia, hemophilia, and afibrinogenemia or hypofibnnogencmia 

Apitz s studies of bleeding time tracts obtained at postmortem, and the present 
study of human puncture wounds* obtained at biopsy give, for the first time, an 
accurate anatomical picture of such tracts The vanabihty of depth of puncture, 
and the extreme variation in the size and number of vessels severed or punctured is 
an outstanding feature As commonly performed, some blecdmg time punctures 
test only capillary bleeding time, while others test the entire mechanism of hemo- 
stasis These observations account for the common observation that repeated 
punctures arc needed when hemorrhagic disease is suspected’ , they probably 
explain the tendency for bleeding m thrombocytopenic purpura to vary m duration 
at dificrent skin sites ‘ Thus, in four blocks from thrombocytopenic patients, the 
bleeding time was normal when only capillaries were cut, but was prolonged when 
larger vessels were cut Clinically every effort should be made to produce deep, 
sufficiently wide cuts with a sharp blade, probably the size of the first few blots of 
blood, as suggested by Duke,® is the best index of an adequate bleeding time punc- 
ture 

The prolonged bleeding time of idiopathic thrombocytopemc purpura is ac- 
companied by the absence of platelet thrombi m the severed muscular vessels 
This absence of platelet plugs confirms Apitz s observations,’ and is m agreement 
with the results obtained by Muller,” Apitz” and M B Zucker* m experimental 
thrombocytopenia Thus, loss of the primary hemostatic mechanism of platelet 
thrombosis, due to quantitative and, possibly, to qualitative platelet deficiency, 
seems to account for the abnormal bleeding of thrombocytopenic purpura Implica- 
tion of other factors seems unnecessary If syneresis is of clinical significance, the 
mechamsm substituted in thrombocytopeoic purpura, namely coagulation, is a so 

impaired 1 

One might speculate that the prolonged bleeding in pseudohemophiha res is 
from failure of platelet thrombosis on a quahtauve basis, and that the 
tendency towards renewed hemorrhage in hemophiha’* is based on the ac 
strong fibnn backing for otherwise adequate platelet plugs 


Summary and Conclusions 

The histologic appe^ance of human skin puncti^ 
after measurement of tfie local bleeding umes, has been chrombocy- 

3 patients with normal hemostasis and m 4 patients ^ j,agcinnormaI 

topenic purpura It is found that agglutinated platelets arrest h S 

skmby rapidly seahng tbc mouths of all cut vessels larger than cap.llan 
* UnJitc cliDicd bleeding nma these pnnerores are of the skin of the necL 
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platelet thrombi can resist the eficettse blood pressure in a cut arteriole of 55 
irncra The puncture tract is normall) filled with red ccll-fibrin clot into which the 
platelet thrombi protrude The red clot seals the mouth of the few opened capil- 
laries which can be identified Other capillaries ma) be scaled b) endothelial 
agglutination Fibrin docs not enter or form within the injured \csscls 
Platelet thrombosis docs not occur in idiopathic thromboc) topcnic purpura 
When larger arterioles and venules arc cut the bleeding time is greatly prolonged 
and fibnn fails to form within the wound because of the speed of blood flow 
When smaller vessels arc cut in purpura the bleeding time is moderately prolonged, 
but the cut vessels arc cvcntuall) sealed by fibrin alone In thrombocytopenic 
purpura the bleeding time is normal if only capillaries arc cut, since these arc 
normally sealed by fibrin 

The similarity of the histologic appearance of human puncture wounds to that 
described after experimental vascular injury' in other mammals, suggests consider- 
able similanty in mammalian hemostatic mechanisms 
Clinical bleeding time tests vary greatly in depth of puncture and in the caliber 
and number of the vessels cut Sufficient volume of hemorrhage during the first 
minute IS thought to be the best guide to an adequate test of the entire hemostatic 
mechanism 
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THE EFFECT OF THE PARENTERAL INJECTION OF EPINEPHRIN ON 
LEUKOCYTE COUNTS IN NORMAL SUBJECTS AND IN PATIENTS 
WITH ADDISON S DISEASE 

Ej Jacques L Gabrilove.M D .MawoVoltehra.M D .MildmdD Jacobs, A B , 
AND Loons J SoFTEH, M D 


I T HAS been known for many years that the parenteral administration of epme- 
phnn induces marked temporary changes in the white blood cell pictun: The 
mechanism responsible for these changes is sail obscure Interest m this pheno- 
menon, however, has recently been revived since Dougherty and MTute' havede 
monstrated that the administration of adrcnotrophic hormone of the anterior by 
pophysis or whole adrenal comcal extract results in the destruction of lymphoid 
tissue with the production of a lymphocytopenia Long and his group’ have shown 
that the injection of cpincphrin into experimental animals causes stimulation of 
the anterior hypophysis with increased secretion of adrenotrophic factor, which 
in turn stimulates the adrenal cortex In view of this observation, it s\ as thought 
desirable to study the effect of epincphnn on the leukocyte count in normal sub- 
jects and in patients with Addison s disease, the latter being the closest clinical 
analogue of the bilaterally adrcnalectomizcd animal 
The lymphocytopenia resulting from adrenal cortical secretion is presumed to 
be part of the reaction to stress involved m the adaptation s)’ndrome ’ Pmens 
et al ■‘"‘have used this phenomenon to study reactions to stress m the human as a 
measure of adrenal cortical secretion 

Conversely, it has long been known, as recently emphasized by Dc la Baize and 
co-workers,’ that patients with Addison s disease have a lymphocvtosis asso- 
aated -with a reduction in the total white blood cell count, as well as a decrease in 
the number of ncutrophiles 

Previously pubhshed studies with cpinephnn have almost invariably been short 
period expenments, usually for less than two hours, smcc the problem being in 
vestigated dealt, for the most part, with the role of the spleen in the ensuing 
lenkocytosis The administration of epincphnn results initially m a 
cytosis, associated with a sharp increase in the absolute and tclaavc num o 
lymphocytes These changes disappear within an hour and arc followed by a neutro- 
penia More recent studies on the effects of epmephrm on the lymphocyte count in 
normal and adrcnalectomizcd dogs have shown that the former dcvcl^ a a 

cytopcnia which is not observed to occur in the totally adrenalenomizcd am 

Methods 

Ten nomul snbjecu .nd ii pzncncs with Addison s d«ca« ^ Blood 

cc of * 1 to 1,000 iqncon. epincphnn solnnon (o 75 miHigrinu) ™ facer fcefotr the jJ- 

fot totjl white blood ceU counts and diffetcnual stodies seas obtained &nm fovt ha^ 

ministration of epincphnn as s«U as at fiftee n mmntes one hoof tsvo bouts 

From The Medical Services of The Meant Sinai HospitaJ NeffYoifc. 



GABRILOVE, VOLTTRRA, JACOBS AND SOfFER 


647 


and five honn following the in|cction Smears ucre suined with Wright 1 stain and one hundred cells 
were counted All tests were p-rformed at approximatclj the same time of daj from 8 to 9 A M to i 
to iP M Because of the fear of hypogljcemia in the patients with Addison s disease, all subjects ssere 
allowed to eat pnor to the test and at luncheon time (about 11 noon) All patients experienced palpita 
uon apprehension, tachjxardia and n*rsousne$s as the result of the administration of cpmephrin 
The diagnosis of Addison 5 disease had been csublishcd m each instance on the basis of adequate 
clinical and laborator) evidence All the patients presented the classic clinical picture, and each had 
been in acute adrenal insulficienc) , either occurring sponuneouslj or induced b) salt deprivation on at 
least one occasion The characteristic blood electrol)te pattern demonstrating a low serum sodium and 
chloride and elevation of serum potassium was manifested bj ever) patient of the group selected for 
study The members of the group were treated with desox) corticosterone acetate None received whole 
adrenal cortical extract 



^ The total white count following the subcutaneous administration of o 73 cc of i/iooo cpi 
n*phrinc Broken lines denote normal subjects Continuous Imes denote patients with Addison s disease 

Resdlts 

In both normal subjects and in patients with Addison s disease, the total white 
ood cell count (fig i) exhibits a diphasic character with a high early peak and a 
ow late peak The peaks occur at fifteen minutes to one hour and at three to four 
oun The minimum count is noted at two to three hours In the normal subjects, 
^ opposed to the patients with adrenal hypofunction, the total white blood cell 
itiitially higher, and maintains a higher level throughout the test In 
. , *0 normals, the second peak is much higher than it is in patients with 

ddison s disease 

In both normal subjects and patients with Addison s disease, the absolute neutro- 
P I e count exhibits a diphasic curve The early peak occurs in fifteen minutes to 
c our and is low The minimum count is noted in one to two hours The second 
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Fio i. — The absolate neutrophile count following the subcutaneous adaunistraaon of 0,7^ cc. of 
i/iooo epinephrine Broken lines denote nonnal subjects Continnouslinesdenoiepatientswith Addison j 
disease 



HOURS 

Fid 3 -The absolute lymphoc^e count following ^e s 

1000 epinephrine. Broken lines denote normal subjects Contiunoos lines deno pa 
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Fio 4 —The pcrcciiugc of the origioal absolotc lymphocyte coanc followiog the subcDunconj xd 
JniniitranoQ of o 75 cc of i/icoo epmephnne Broken lines denote oorroaj $ub;ecu Contionons hoes 
dcoote ptaeaB with Addison s discisc 



tdfDj, 


HOURS 

® 5 '~~Thc pcrccDUgc of lymphocytes m the differential Icokocytc coont following the sabcuuncons 


nistratiOQ of o 75 cc of i/iooo epinephrine Brolan lines denote normal snbjcccs Conanuoas lines 
otc patients \vith Addison 5 disease 
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^aL IS more pronounced than the pnmarp nse, and the second peak in normals is 
far greater than chat noted in patients with adrenal insuffiacncy In general, the 
absolute Ij-mphocpte count m patients with Addison s disease is imtiaUy higher 
than in normals, and maintains this higher level throughout the test The overlap is 
so great that no more pronounced lymphocytopenia in normals as contrasted to 
patients with Addison s disease can be demonstrated as a means of differentiation 
between the groups (figs z and 3) 

When the percentage of the absolute lymphocyte count at any ame compared to 
the original absolute lymphocyte count is plotted against time, a diphasic curve is 
noted Here, too, no definite evidence of more marked lymphocytopenia in the nor- 
mal as opposed to the patient with Addison s disease is noted (fig 4) 

Although we do not feel that the differential count per se in this test is of signifi- 
cance, we have plotted it merely to illustrate how the relative composition of the 
blood vanes The lymphocyte percentage in the patient with Addison s disease is 
initially higher than in the normal, and this higher percentage is maintamed 
throughout the test In both the normals and the patients with Addison s disease, 
the percentage of lymphocytes rises early and falls late (fig 5) 

With our fcchnic, employing Wngbt s stain for differential study, no difference 
in cosinophilia is noted between the two groups There is a slight late decrease m 
cosinophilia following the administration of cpinephnn 


DiscnssioK 


On the basis of the results obtained, no clear cut separation can be made in the 
reaction to cpinephnn of the patients with Addison s disease from that of the nor 
mal individuals 

Several possibilities exist to explain why the expected altered reaction in the 
patients with Addison s disease as compared to normals was not encountered 

1 Seventy-five hundredths cc of i to 1,000 cpinephnn (o 73 mg ) is insufficient 
to result in stimulation of the anterior pitmtary lobe to the secretion of increased 
amounts of adrenotrophic hormone 

Long ct al , * working with ammals, employed o 02. milligrams of cpinephnn per 
100 grams of body weight Comparable dosage would necessitate the use 0 10 
milligrams in a man weighing 50 kilograms Malmc;ac ct al working with ogs, 
employed 01 to o a milligram per kilogram of body weight, intravcnousl) ever) 
five minutes for six doses This is equivalent to 5 to 10 mg every five minutes 10 
man weighing 50 kilograms They found that with this dosage the lymp ocyt 


fell to two-thirds the initial value 

z The effect IS not demonstrable within five hours (Trcr of 

This IS rather unlikely, since White and Dougherty' demoMtrat J ' ' 
adrenotrophic and adrenocortical hormone in one hour, even t^oug t 
effect occurred in nine hours Long and Fry= produc^ adrenal c g 
hours after the administration of cpinephnn, while Malmc;ac c 


mum effects in two to three hours rrsnonsne adrenal coni 

3 In patients with Addison s disease there is still some respo 

cal tissue 
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It IS obviotis that all grades of adrenal insufllcienc) both quantitatively and 
qualitative!) exist The 1 } mphoc) tc effect is belicv ed to depend on the carbohydrate 
regulating fraction of the adrenal cortex It is possible that in clinical Addison s 
disease sufficient responding adrenal cortical tissue is present to react following the 
administration of cpinephnn, -with some resulting resemblance to the normal re- 
action 

4 The extraneous effects of cpinephnn may mask its effect on the pituitary- 
adrenal relationship This possible effect of cpinephnn on contraction of the spleen, 
hcmoconcentration, redistribution of formed elements in the blood may interfere 
with the detection of the effect being studied 


Summary 

Ten normal subjects and ii patients with Addison s disease were studied as to 
their leukocyte response following the subcutaneous administration of cpinephnn 
The pattern of response was found to be similar in both groups, diphasic curves 
bemg noted In general, the patients with Addison s disease differ from normal in- 
dividuals in having (i) a lower and less labile white count, (x) a lower and less 
labile neutrophilc count, (3) a higher lymphocyte count, (4) a slightly lesser per- 
centage fall in absolute number of lymphocytes, and (5) a higher lymphocyte per- 
centage 

The use of this method to demonstrate adrenal cortical destruction is not feasible 
with the dosage of epinephnn employed m this study 
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STUDIES OF BLOOD PASSED THROUGH AN ARTIFICIAL KIDNEY 
By Nannie K M de Leeuw, M D , and A Blaustein, M D 


T he USE of the artificial kidney offers a new method of dealing with acute 
uremia Many case reports, including some of our own,* attest to its value 
and undoubtedly with time it \m11 be used with greater frequency 
One stnking feature is the exteriorization of the patient s blood in an artificial 
system The purpose of this investigation was to observe an) quantitative or 
qualitative changes in the formed elements of the blood, that might occur in the 
use of the artificial kidnc) Our studies were in vitro 


Materials and Methods 


I The arttpctal ksdntj used was the Kolff model * * Brief!), the blood is directed from the radial 
artery through a cannula via a system of rubber tubing and a rotating coupling into cellophane tubing 
approximately 30 meters in length (fig i) The latter is wTapped around a rotating drum, which is 
partially immersed in dulyzmg fluid The blood 1$ then pumped through a Beck pump (fig x) which 
directs it into an airtrap and aids in its return into an antccubital vein 

The dialyxing fluid is heated by an electric clement The machine is provided with varnished metal 
iplashl>oards, which arc partially immersed in the dialyzing fluid 

The principle of the machine is that during the cstcrionzation of the blood, waste products dialyze 
out into the surrounding fluid by a process of uitrafiltration 

The following tnflktncts had to be considered in relation to blood changes 
Htpsnn In our experiments a concentration of approximately i mg of heparin per 10 cc of blood was 
used 


OllopbdTu The cellophane tubing used was a pure cellulose, to which a small amount of glycerin was 
added as a softening agent The cellophane was boiled for ten minutes and thoroughly rinsed with normal 
wlinc prior to its use 

The dialyzing fluid consisted of 100 liters of tapwatcr to which was added 1500 grams 
of glucose 600 grams of NaCl, zoo grams of NaHCOj and 40 grams of KCI 

The electrolyte pattern is expressed in the Gamble diagram comparing the blood plasma and the 
dialyzing fluid (fig 3) The dialyzing fluid is hypertonic (±350 milIi>osmols) as compared with the 
plasma (±310 railli-osmols) 

The tempjature of the dialyzing fluid was kept approximately at 100 F 
KitMtim of tbt drum The drum rotated at z6 revolutions p*r minute 

Ttrru The factor of time was studied in relation to the influence of rotation of the drum and hepanm 
nation • 


Pump The influence of the pump was studied in relation to hemolysis 

^plushh^urds The influence of the splashboards (galvanized iron and aluminum) on the pH of the 
dialyzing fluid was investigated in relation to hemolysis 

3 PfTtrj cf mtfbsds The instruments used were all standardized Wintrobe hematocrit tubes Bureau of 
Sundards erythrocyte and leukocyte pipets and a B ckman pH meter The Rees Eckcr method was used 
for platelet determination The covershp method was chosen for our differential studies 

In our calculations wc considered as significant only those erythrocyte counts that difi'crcd iz per cent 
cukocyte counts that differed zo per cent and platelet counts that differed 30 per cent (in the high counts) 
and 40 p r cent (in the low counts) 

From the Departments of Surgciy and Hcraatolog), Ro>al Victona Hospital Montreal Quebec 
Canada 

This VNork was supported by a grant from the Archibald Fund 
In in M\o \%ork it was noted that it took approximate!) four minutes for the blood to circulate from 
*he arterial end to the venous end of the drum 
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In diffi^ail counts, 100 Icnlocj-tcs were counted and the Vn p q theorem was used for standard 
deviation (according to Plum and Barnett* •) the maximum error being three times the standard dew 
acion 




Fio aa —Bra: Pomp , , ij 

Fio lb — Brex Pomp (Fig 34 in De Kunstmauge Nier Proefschn/t, Kampen 0 
W J Permission of the pubhsher ) 

Accordmg to Wintrobe* the technical error, m 

greater than X 5 per cent However m our own experiment, it 1 occurred 

^ have occurred as a result of the alterations in sire and shape of the red ceUs wh pm 

during dialysis and rotauon ,, KInod dvscrasia 10 healthj- nurses 

4 MmIituIs Blood samples were taken from 6 paneno with 

and doctors 10 healthy donors of the blood bank 
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In ^^ITRO Experiments 
Mtthoil 

The artificial kidnc) was see up in the manner used for in vivo work Approxi- 
mately 10-30 cc of blood w as taken from a volunteer, 1-3 mg of heparin was 
placed in the syringe prior to the venipuncture Divided samples were then used 
samples of the hepannized blood were kept in test tubes and initial blood studies 
were earned out (table i, column I), and determinations repeated after 30-60 
minutes (column II) Samples of the same blood were placed in segments of cello- 
phane tubing, 50 cm in length, which were then closed at both ends and sus- 
pended in the dialyzing fluid for 15-2.5 minutes (column III) Other segments of 
cellophane tubing of the same length were filled with approximately 10 cc of 



Flo 3 — CoKPAEisoN or Blood Plasma (lett) and Diaeyziko Fluid fChirt 34 in ExiraccBalar 
Fluid by J L Gimblc Gimbndge 1941. Permission of the Author) 

blood, attached to the drum and rotated for 3-8 minutes (column TV), and 15-2.5 
minutes (column V) 

We were able to observe the influence of rotation of the drum by comparing the 
results of the rotated samples with those obtained from the suspended blood 
samples By further comparing the last findings with those of the control samples 
of hcpanmzed blood the effect of the dialyzing fluid, the cellophane and the 
nnsing fluid was determined Companson of the initial and the second determina- 
tions on the control samples allowed us to surmise the possible effect of hepann 
on the formed blood elements Our studies were confined to red blood cell counts, 
hematoent readings, white blood cell counts, platelet determinations and differ- 
encial counts of the leukocytes 
The results of these determinations arc summarized in table i 
Interpretation Comparing columns I and V significant changes were found in 
hematoent readings, but onl) in two red blood cell counts There was a significant 
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change in all leukocyte and platelet counts A great number of factors could 
account for these changes, and therefore we made the following differentiation 


Table i 





Colamn I j 

1 Colamn II | 

Column 111 | 

j Column IV | 

[ Column V 

1 



Samples 




Initial 

Control 
3tHS0 nun 

Suspended 
15-15 mm 

Rotated 

3-S min 

Rotated 
15-15 min. 

Name 

Sex 

Condition 

Inflaencts 




hepann 

! 

heparin, 

ttwit 

heparin 

time 

dioIysMif 
Suidf rinnni 

jimd 

hepann 

time 

dlalyiiDa 

fluid, 

nniinx ^d, 

cellophane 

rplaiten 

hepann, 

hmt 

duifon^ 
fluid, riniun 
fluid, 

ceilophaue 

rtiah^n 


Hematoent 


B 

W 

M. 

N H. 

57 

57 

( 40 ) 

S4 

A 

B 

M 

N H. 

51 3 

5J- 

3 ( 30 ) 

49 

N 

L 

F 

N H 

49 

47 

9 Go) 

49 

C. 

N 

F 

N H 

43 6 

43 

6 ( 30 ) 

43 

R. 

B 

M. 

Postop. prlomd. 

49 

49 

( 60 ) 



/ Ci 8 )| 

( 17 ) 

05 ) 

6 («s) 


54 5 (3) 
47 9 0) 
47 9 ( 3 ) 
43 6 C3) 
43 6 C8) 


3 ( 15 ) 
43 f C> 5 ) 

43 > C 15 ) 

44 4 O5) 

44 3 (>- 5 ) 


Red Blood CeUs (in mdl ) 


B W 

A B 

N L. 

C N 

R. B 

L. F 

M. 

Chron thicL, R 
ankle 

5 70 

5 04 

4 87 

4 60 

4 8r 

5 4 .e 

5 34 (40) 
5 ox (30) 
4 81 (30) 
4 4 « (30) 

4 89 (60) 

5 10 G°) 

3 00 (18) 

3 01 (17) 

4 37 (15) 

4 la (15) 

3 14 (xi) 

5 ’•5 G) 

4 36 G) 

4 48 G) 

4 08 (3) 

4 18 (8) 

3 aa G) 

White Blood Cells 



B W 

A. B 

N L 
CN 

R B 

L. F 



7500 

7x00 

7050 

8350 

8x50 

6000 

7750 (40) 
7050 (30) 
7x50 Go) 
8150 (30) 
8300 (60) 
£030 Go) 

7100 (18) 
6130 (17) 
7000 (13) 
7800 (15) 

4875 (xi) 

3800 (3) 

5150 (3) 
7450 G) 
£»•• (3) 

6600 (8) 

lilt (3) 


4 3> C'5) 
4 41 C»s) 
4 38 C15) 
4 10 (15) 
4 ’•7 ( 15 ) 

4 70 (li) 


( 15 ) 

4IS> (' 5 ) 

( 15 ) 
;/;* ( 15 ) 
//;» ( 15 ) 

list (.41) 


460 (18) 
380 (17) 
190 (15) 
180 (15) 


I I 

ic 6gnra = Significant difference. LA” “ 

* on of the influence or 
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cnt readings (wich one cxccpuon), red blood cell counts, white blood cell counts 
and platelets after thirt) minutes 

1 Companng columns HI and V, from which the effect of rotation of the drum 
on the blood samples can be determined, a significant drop in the leukocyte and 
platelet count was found A slight change in hematocrit determinations was 
noted, but not in the red cell counts 

3 Companng columns W and V, in which the influence of the time factor on 
rotaaon of the drum can be determined, slight changes were found in the hemato- 
crit determinations, but not in the erythrocyte counts A decided drop in the 
leukocyte and platelet counts was evident 

4 Companson of the columns 11 and IH allows for the interpretation of the 
influence of dialyttttig fluid, cellophane and rinsing material In x cases, there was a 
drop in the hematocrit value There was no significant change in the erythrocyte, 
leukocyte or platelet counts 

5 Companng columns HI and IV, it is apparent that the letikocytc count 
dropped only in two blood samples through the influence of rotation for a pCnod 
of three minutes 

6 Studies of differential smears were made in order to observe whether the 
drop in the leukocyte count, noted in column V, was uniform The smears in all 
cases, revealmg a normal differential picture, did not significantly change in the 
different blood samples In the smears made from the blood samples of columns HI, 
rV and V condensation of the nuclei and vacuolizauon of the cytoplasm with 
ameboid cell outhnes were seen m the granulocytes Most of the monocytes were 
vacuolated The number of hypersegmented polymorphonuclear leukocytes m 
column V ranged from 7 5-15 per cent of the total leukocyte count in three out of 
sue cases 

Conclusions Studies of our control samples reveal that hepann does not exert 
any significant influence on the erythrocyte, leukocyte and platelet counts m a 
thirty minute period at room temperature Rotation of the drum for a period of 
three minutes sometimes results in a significant drop in the leukocyte count, after a 
fifteen minute period a deaded drop in the leukocyte and platelet count becomes 
evident The dialyzing fluid and the rinsing material appear to cause some dilution, 
as seen in the decrease in hematoent values after suspension, but more marked after 
rotation of blood samples in cellophane tubing 

The Effect of Diy Cellophane on tn Vitro Dialysis 

Segments of cellophane tubing, 50 cm in length, were boiled, rinsed with 
saline, dned, and then 5 cc of hepannized blood was placed in each Some seg- 
ments of cellophane tubing filled with heparinized blood were suspended in the 
dialyzing fluid, others were rotated on the drum for a certam penod of time 
Results show (table a) that hemoconcentration or hemodduuon may occur, if 
samples of dry cellophane tubmg are used m in vitro dialysis 

The Chemotactic Influence of Cellophane on Granulocytes 

In order to investigate the possible chemotactic influence of cellophane on the 
leukocytes, white blood cell counts were done on samples of hepannized blood. 
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placed in stcnlc test tubes in which stcnh2cd strips of cellophane were immcnicd 
for a period of one hour, and the results compared with the counts obtained from 
control samples of blood 

Procedure Strips of cellophane, 10 cm m length, were boiled, nnsed with large 
amounts of normal sahne, and were dried and stenlized 15 cc of blood was taken 
under sterile condiuons from a donor and divided among three sterile test tubes, 
each containing i 5 mg of hepann Test tube I was used as a control and did not 
contain cellophane A strip of the sterilized, dried cellophane was placed in test 
tube n The blood in test tube HI was used for initial hematologic determinations 
Test tubes I and H were stoppered and immersed in a waterbath of approiimatcl^ 
100 F, and white blood counts were done one hour later The results ate shown in 


Table i, — HtrrwanantrMttin and htmodtlnSt^n dry alUfbant 


Kune 

Sex 

Condidoa 

Cellophane tsbisx 

Tempers to re 
dial fluid, F* 

Hemitocnt Tthie 

suspended 

muted 

test 

cootrol 




mtn 

mtn 




B W 

M. 

N H. 


15 

77- 80 

/» 

■(8 


M. 

Poicapp 



83- 87 

Si 

46 


F 

N H 

LO 


56-107 

38 

41 





x8 

56-101 

}i 

41 


F 

N H 

15 


91- 96 

39 

40 

■■■ 




15 

91- 96 

33 

4 ° 


Table 3 



Nunc 

Sex 

Condition 

Leukocyte coun 

I (Control) 

ts after one hour 

n (+ cellophane) 

Initial count 

m 

w 

s c 

M. 

N a 

5,7°o 

5,530 

6,100 

w 

P L. 

M 

N H 

4,950 

j,«/« 

4,'-5'> 

M 

F C 

M. 

N H. 

9 , 7 /' 

4,111 

6,750 


table 3 Differential counts done on samples (jS) and Qy) showed no significant 
changes after one hour as compared with the initial counts 
In tests ( 0 ) and (y'), two strips of cellophane were immersed m the tubes f ) 
In test (7), the hepann concentration was twice as high as in the other t^, 
which might be responsible for the greater drop of the Jeukocjrcs in bot tu 
Segments of cellophane, taken after one hour, and stained with rig t s stain, 
were coated with leukocytes A control piece of cellophane, taken ™ 

utes immersion in the blood, showed only a few Icukoc) tes (figs 4^ an 

clcluston A definite drop of leukocj^cs can be seen in one 

samples m which cellophane strips have “^^^“^oannot co’ndude from 
of the control blood samples after one horn ^hemotactic influence on 

the white blood counts, that cellophane has a positive chemotactic 















66o 


BLOOD PASSED THRODOH ARTTPlaAL KLDNEr 


the leukocytes However, the vast number of granulocytes present on the sterile 
strips of cellophane is at least indirect evidence of an attractive influence exerted 
by the cellophane, almost exclusively for the granulocytes 

Tht Influence of Hepartn and Cellophane on the Platelets 

The same test was done as the one fuse described, but under unstenle conditions, 
and platelet counts were made from tubes I and U (^without and with cellophane) 
at different intervals (^see table 4) It can be seen that the counts dropped equally 
in both tubes In the stained smears the platelets were clumped and appeared 
swollen and disintegrated in the one and two hour samples, and were diminished 
in number After two hours the cellophane strips showed large clumps of platelets 

Conclusion This concentration of hepann (approximately i mg /lo cc of blood) 
cannot prevent platelet agglutination Disintegration of the platelets starts after 
about half an hour 

Note There were also clumps of platelets to be seen on the control strips of 
cellophane after 10 minutes in the preceding test (chemotactic influence of cello- 
phane on granulocytes) 


Table 4 


Kune 

Sei 

Good 

Platelet cdudU 

Tioe 

tabe I (hep blood) 

tube n (bep blood + 
strip celiophaoe) 






■ IK 

A. W 

F 

N H. 

300,000 

300,000 

0 




110,030 1 

180 000 

30 




180,000 

150,000 

60 




100,000 

90,000 

110 


Hemolysis 

Hemolysis was commonly noted in all samples of blood subjected to the rotanon 
of the drum Hemolysis being an important feature, it was decided to investigate 
possible causes 


The Role of Cellophane 

I Twelve test tubes, each containing 5 cc of hepanmzed blood, wot set up 
n a rack Four were used as controls and did not contain ccUoph^e our con 
ained stnps of cellophane that had not been boiled or rinsed, and our 
;tnps of cSophane that had been boiled and rinsed twice with sahne and tto 
Ined All tubes were aUowed to stay at room ^perature 
fhe control tubes showed no hemolysis, the tubes the 

ihane showed hemolysis, varying from a trace to ppfhcse 

vashed cellophane all showed a trace of hemolysis Fresh 
lamples did not reveal spherocytosis (table 5) 
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1 Cellophane tubing, 300 cm in length, was boiled and rinsed with 10 liters 
of normal saline Segments, 30 cm in length, were cut and filled with 5 cc of 
hepannized blood each These segments were then suspended in a bath of saline 
at 84-89 F for half an hour The above was repeated, using segments of cellophane 


Table 5 

I Hnnolyfli j Spherocytosis 


Teit lubes number 



1 

2 1 

J 

4 

1 

2 

3 

4 

Control blood 

DO 

no 

no 

DO 

no 

no 

no 

no 

Blood + stnp of cellophane 

+ 

si 

tr 

$1 

no 

DO 

no 

no 

Blood + stnp of ashed cellophane 

si 

? 

tr 

tr 

no 

no 

no 

no 


Table 6 


■Value 

Sex 

Cood. 

Sample 

Hemolysis 

Blood in carefully 
washed cellophane 
suspended in 
normal saline 

Blood m unwashed 
cellophane 

Control 

before 

after 


M. 

N H 

I 

DO 

slight 

no 





L 

DO 

+ 

no 

DO 




3 

DO 

+ 

DO 



M. 

N H 

4 

no 

slight 

no 


■■ 



5 

no 

shght 

no 

no 

HI 



6 

no 

slight 

no 



M 

N H 

1 

no 

trace 

no 

no 




8 

no 

slight 

no 





9 

no 

slight 

no 


R. A 

M 


lO 

no 

+ 

no 

? 





no 

+ 

DO 





IX 

no 

shght 

DO 



Name 

Sex 

1 Cond. 

Sample ! 

Blood In carefully 
washed cellophane, 
suspended in duilysinc 
fluid 

Control 

before 

after 

H D 

M 

■■ 

I 

DO 

DO 

no 

J R- 

M 

■n 

X 

trace 

no 

no 

J T 

M 

Hil 

3 

DO 1 

no 

□o 


that were not rinsed with saline The latter samples of blood revealed a slight 
to marked hemolysis in all cases, whereas the former showed no hemolysis at all 
(table 6) 

3 Similar expenments, suspending three samples in the dialyzing fluid rather 
than in saline, did not show any hemolysis in two of these cases There was a 
trace of hemolysis in the third case (table 6) 
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Rtf/f of the Dtaljxtng Fluid 

Hcpannizcd bJood, o 5 cc , was added to two test tubes each containing i cc 
of dialyzing fluid No hemolysis or spherocytosis was to be seen after two hours 

The Factors of Time, Rotation of the Drum, Length of Cellophane Tubing, Amount of 
Blood and Temperature of the Dialysing Fluid 

Samples of blood were placed in cellophane tubing, which was boiled, nnsed 
with 10 liters of saline and dried prior to its use The segments were then attached 
to the drum The above factors were all vaned and their influences studied (table 
7) Hemolysis occurred in all samples of blood rotated on the drum In two or the 
four samples, hemolysis was more marked after rotation for fifteen minutes rather 


Table 7 —Himclyiis tn iigmtnli tf canjully tcosM ctlUfban,, nttttd n lit Jma 


Name 

Stx 

Good 

Temp dul 
Quid 

Length celloptane 

Control 

SO cm. 

j 80 on j 40 cm 

Amount blood 

S CC- 

1 

1 JOcc. 



Time roUtJoD 

before 

After 

4 mio 

15 mm 

4 mm 

A. P 

M 

N 

H 

36- 97 

+ 

+ 


00 

DO 

H, D 

M 

N 

H 

97-101 

+ 

++ 

slight 

00 

00 

R. B 

M 

N 

H. 

97-101 

+ 

++ 

trace 

DO 

00 

J R- 

M 

N 

H. 

97-101 

+ 

+ 

slight 

00 

no 

J T 

M 

N 

H. 

90 

++ 



no 

DO 





109 

+ 



no 

no 


than three minutes Less hemolysis occurred when the cellophane tubing con 
tamed a larger amount of blood In two cases studied, there was less hemolysis 
with increase of temperature of the dialyzing fluid (109 F) as compared with 
samples rotating at 90 F 


Role of the Pump 

Samples (5 cc ) of heparinized blood were placed in a arcuit of rubber tubmg 
and sent through the pump for penods of one and three minntes Samples ww 
then centrifuged in test tubes and in all cases there was slight hemolysis 0 
changes wetc found in hematoent determinauons, erythrocyte, leukocyte an 
platelet counts after three minutes (table 8) 


Handling of the Cellophane 

Experiments were earned out to determine whether the handling ^ 

phS^containmg the blood influenced the occurrence of 
ap^ to be Jorc marked in those samples of blood that were handled 
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pH of the Dialjx»>g Fluid 

Determinations of the pH of the dialyzing fluid were made before and after 
experimental use of the artificial kidncj The pH increased after in vitro use of 
the artificial kidnc) for about six hours (table 9) It was thought that the metal 
splashboards might alter the pH of the dial) zing fluid, and pH determinations 
W'ere earned out in experiments where the splashboards were not used It 
appeared that the immersion of these in the dial) zing fluid resulted in a rise in the 
pH (table 9) 


Table 8 — Infaence of iBe Pump on the Bleed 


Nauoe 

Scr 

1 

Condition 

HefnoI>sIs 

Case L F 

Control 

Pomp 

3 min 

Control 

1 Pump 

1 mn 

Pump 

3 min 

L F 

M 

skingrafc 

no 


slight 

Heroatoent 

46 

46 

M.T 

F 

N H 

no 


slight 

Erythrocytes 

5 null 

5 mill 

M.M. 

F 

N H 

no 

1 

slight 

Leukocytes 

7,xoo 

7,400 

P P 

M 

postappend 

no 

slight 


Platelets 

610 000 

580,000 

N L. 

F 

N H 

no 

I trace 

slight 





Table 9 


Test 

pH of dialyzing fluid 

Time approa 

Temp C* 

Before use 

After use no 
splash boards 

After use + 
splashboards 

2 



CO 

CO 

6 hr 

zo 5 

1, 

8 35 


8 7 

6 hr 

LO } 

3 

8 35 


8 8 

6 hr 

M 

4 - 

8 15 

8 37 (• tr ) 

8 58 

3 hr 

a-5 


Discussion 

Frythrocytes 

Some dilution of the blood occurs as a result of the passage of the dialyzing 
fluid through the cellophane in suspended and in rotated blood samples The 
possible presence of some of the rinsing fluid in the cellophane tubing may also 
account for some of the dilution which is evident through the decreased hemato- 
ent values The discrepancy between hematoent and red blood cell values may be 
related to the shrinkage of the cells in hypertonic medium 

Leuhuytes 

Wilander,* Jorpes,® and Lucia and Aggelcr*® noted that hcpatin causes in vitro 
agglutination and disintegration of leukocytes after one hour In some of our in 
■Vitro studies using heparinized blood, we were able to observe this phenomenon 
m our two hour blood samples No change could be found after half an hour In 
our expenments in which samples of blood were suspended in the dialjzing fluid 
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or rotated on the drum the time never exceeded 15-15 minutes, and therefore we 
were not able to judge the role of hepann in these experiments 

The cellophane used was a pure cellulose Cellulose, according to Chambers 
and Grand," exerts positive chemotaxis on granulocytes We have demonstrated 
that stnps of cellophane suspended in sterile test tubes containing hepannizcd 
blood become thickly coated with granulocytes after one hour The total white 
blood counts and the differential counts of those blood samples were not sigm 
licantly altered as compared with control samples of blood, but this is probably 
related to the fact that chemotaxis does not occur beyond a distance greater than 
one millimeter, so that with a sample of blood in a test tube no appreaable change 
in the above values is to be expected 

In our samples of blood that were rotated on the drum, the time factor is im 
portant, since the penod did not exceed twenty-five minutes in any of these cipen 
ments, and, according to Dixon and McCutcheon," " it takes at least thirty 
minutes for the leukocytes to develop their normal rate of locomotion Stained 
sections of cellophane from the rotated samples of blood did not reveal an increase 
of granulocytes From our chemical determinations we know that glucose crosses 
the cellophane bamer and enters the blood (samples of kidney blood contain 
approximately 1400 mg per cent glucose) Chambers and Grand" have demon 
strated the piositive chemotactic influence of glucose on the granulocytes The 
granulocj^es, therefore, may be in a position of embarras dn choix 
Rotation of the drum Dilution and the damaging aaion of slow speed centnfuga 
tion probably account for the drop in the leukocytes in the samples of blood 
rotated on the drum, a drop which is increased with time 
Hypictscgmentation of the polymorphonuclear leukocytes was frequently seen 
in those samples that rotated on the drum for fifteen minutes Ona" " has ob- 
served hypersegmentation in oxalated and centnfugated blood samples and 
Ponder’® in hepannizcd blood that has been extenonzed for some time Extenonza 
non and slow centnfuganon may have played a role m our cases 

Flatelets 

The drop in the platelet count in the suspended samples of blood and in the 
samples rotated on the drum can be accounted for by dilnuon, the presence 0 
rough surfaces offered by the cellophane tubing, and the mechanical damage 0 
rocanon on the drum Solandt and ^t,” Baronofsky and Quick" state at a^ 
doses of hepann prevent platelet agglutination The concentration o epann 
used fell below these requirements 


Hemolysts , 

This phenomenon is of chmeal importance in the use of ^ 

Hepann and the dialyzmg fluid have no hemolyuc OureLnments 

was a pure ccUuIosc, but had glyccnn added as a ^ aTl^t 10 

proved to us that the cellophane had to order to wash 

liters of normal sahne pnor to its use as advis y quantities (van 

away the glyccnn which is known to be hemolytic even T 

Noordwijk*- ’) 
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Rotation of the drum causes hemol)Sis ssithin four minutes, and the degree of 
hemol)sis increases with time Handling of the cellophane tubing containing 
blood demonstrates hemol)sis Blood, subjected to the influence of the pump 
used in aiding venous return, demonstrated hemolysis within the penod of one 
minute According to our calculations, dunng an in vivo dial) sis of six hours 
each cc of blood is compressed approximately fort) -five times by the rollers of the 
pump This IS the degree of mechanical injur) to which i cc of blood was sub- 
jected for one minute during our test (each cc being compressed fort) -five times 
b) the rollers of the pump dunng the period of one minute) Therefore, in all prob- 
abiht), dunng in vivo dialysis the action of the pump parti) accounts for the 
occurrence of hemol)sis, although it is realized that the studies of hemolysis in 
relation to the pump are not entirely comparable with the role of the pump in 
in VIVO dialysis The role of high temperature as a cause of hemol)sis is well 
known ^ In our expenments we did not elevate the temperature of the dialyzing 
flmd above 109 F, and at that level we did not notice any increased hemolysis 
According to Ponder* and Gordon,'® an extremely high pH and an extremely 
low pH will act directly on the ted cell giving hemolysis The pH of our dialyzing 
fluid at no time reached these levels The metal splashboards may have contributed 
m altenng the pH of the dialyzing flmd The varnish does not last very long and 
therefore appears to be no protection against the ionization from the splashboards 
The metals used (Zn and Al) do not belong to the group which has hemolytic 
action in high dilutions 

Kolff* * demonstrated that rapid rotation of the drum (at 35 revolutions per 
mmute) produces hemolysis We used a speed of z6 revolutions per minute and 
also observed hemolysis Glucose i 5 per cent added to the dialyzing fluid could 
not prevent hemolysis in rotating blood samples 

Measures to tAintmexe Hemolyses ^ 

The cellophane tubing should be boiled in a large amount of water and then 
carefully nnsed with 10 liters of stenle saline in order to remove the glycenn 
Glucose, r 5-2. per cent, should be added to the dialyzing fluid in order to inhibit 
hemolysis ® ’ 

Alcohol or ether should not be used in mounung the artifiaal kidney 
Do not use soap in cleaning the enamel bath 

The temperature of the dialyzing fluid should be approximately 100 F 
Handling of the cellophane tubing with the flat hand, in order to push the 
blood forward, should be avoided 
Avoid unnecessary rotation of the drum during in vivo dialysis 
Splashboards should be made of nonhemolytic matenal Metal should not 
be used 


Summary 

I In vitro blood studies using the artifiaal kidney are discussed in detatl 
^ In vitro expenments in which samples of blood in cellophane tubing arc 
rotated on the drum showed a diminution in the red cell volume, leukocyte and 
platelet counts 
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Dilution, caused by the passage of the dialyzing fluid through the cellophane 
membrane and by the presence of some of the rinsing fluid, and rotation of the drum 
are factors of importance in this regard 

3 The influence of hepann and the chemotactic role of cellophane on the leuko- 
cytes arc discussed 

Hepann in concentration of i mg /lo cc of blood causes in vitro agglutination 
and disintegration of leukocytes after approximately one hour 
Photographs arc shown that demonstrate coating of the cellophane by granulo- 
cytes This IS in keeping with the findings of Chambers and Grand that cellophane 
exerts a positive chemotactic influence on the granulocytes 

4 Hj'pcrscgmcntation of the leukocytes was noted in samples of blood rotated 
on the drum for fifteen minutes Exteriorization and slow speed centrifugation 
probably account for this phenomenon 
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A METHOD FOR ISOLATING LI\TNG POLYMORPHONUCLEAR 
LEUKOCYTES FROM PERIPHERAL BLOOD 

Bj Aixen H Minor, M D ,* and Lee Burnett, M S 

T he LTSTNG polymorphonuclear leukocyte can readily be obtained without 
significant trauma either to the cell or to its donor The movement of its 
granules, as seen with darkfield illumination' or supravital staining,- affords a 
visible index of its vitality These attributes render this cell particularly suitable 
for cytologic studies In order to facilitate such studies, we have developed a 
method for isolaung living polymorphonuclear leukocytes on a microscope slide 
This method takes advantage of two properties inherent in blood components the 
ability of fibnnogen to accelerate erythrocyte sedimentation,’ and the adhesive 
quahty of living polymorphonuclear leukocytes ’ 

Method 

The method used for cell isolation consists of two steps In the first step, the 
ratio of erythrocytes to leukocytes is reduced from about 800 i m normal blood to 
nearly i i This is accomphshed by the addition of fibrinogen to heparimzcd blood 
By this means the erythrocyte sedimentation rate is so accelerated that within an 
hour essentially all the erythrocytes have settled out, leaving essentially all the 
leukocytes suspended in the supernatant plasma ‘ 

In the second step, polymorphonuclear leukocytes arc isolated on a slide from all 
other ccUs in the plasma suspension This is accomplished by means of the ad- 
hesiveness of these cells to a solid surface When the suspension is placed in a vessel 
similar to that desenbed by Fcnn,' consisung of a glass nng on a microscope slide, 
and the blood cells are permitted to sediment, subsequent washing of the slide re- 
moves the plasma and all cells except adherent polymorphonuclear leukocytes 
The following technic for this step has been found practical 
I Place one or more glass rings 3 mm high by 15 mm internal diameter on a 
microscope shde Press modelling clay against the angle formed by the slide with 
the exterior of the nngs The clay prevents leakage, appears to be nontoxic, and 
subsequently may easily be removed from the slide 
2- Pipct o 3 ml leukocyte suspension into each of the vessels so formed, cover 
With a glass slide or covcrslip, and incubate at 37 C for one hour Suspensions in 
which the concentration of polymorphonuclear leukocytes is considerably greater 
than normal may first be diluted with plasma 
3 Immerse the vessels in a 2.50 ml beaker filled with normal saline or other 
physiological solution at room temperature Remove the rings, taking care to 
avoid contact with the spots of cells on the slide Then mo\c the slide back and 
forth in the fluid a few times This removes nonadherent cells from the slide, leav- 
ing only polymorphonuclear leukocy tes 

This worL wit begun at The SlojD kettenng Initirate for Cancer Research New York N Y and 
completed at The Lenox Hill Hospital Nesv York N I 

Postdoctoratc Research Fclloss National Cancer Institute 
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Fio I ■ — Living PoLYVoaraoNDCLEAi Ledkocttes Isouitep «oh Human Pejithhai. Bipou 
X 630 Dartfield lUnmiiuoon 

Discussion 

This method for isolating polymorphonuclear leukocytes maj be useful in cell 
studies for the following reasons 

The cells obtained are of a single type This is apparent from the photomicr^ 
graph (fig i) Reactions between these cells and thetr medium may be observ 
without ie presence of other cell types 
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The cells arc ali\c, and their Mtalitj is immcdiatclj manifest In a favorable en- 
vironment, liNing poljmorphonuclcar leukocytes exhibit intracellular granular 
motion and ameboid movement These activities arc indicated in the photomicro- 
graph b) blumng of the granules and irrcgulantj of cell shape Dynamic changes 
may thus be observed directly and recorded photographically 
Homologous cells may be compared Two or more spots of cells may be prepared 
on a single slide Comparisons may be made either benveen cells from different 
sources exposed to a given chemical or physical agent, or between cells from the 
same source exposed to different agents Either the reactive capacities or the chemi- 
cal composition of the cells may be studied 
The method is technically simple It utilizes equipment and reagents which are 
readily available There is minimal traumatization to the cells 

SuMNLARY 

A simple method is desenbed for isolating living polymorphonuclear leukocytes 
from peripheral blood It is based on the selective adherence of these cells to a 
microscope slide, which permits all other blood components to be removed by 
washing The reasons for considering this method useful in cell studies arc 
discussed 
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A METHOD FOR THE RAPID SEPARATION OF LEUKOCYTES AND 
NUCLEATED ERYTHROCYTES FROM BLOOD OR MARROW WITH A 
PHYTOHEMAGGLUTTNIN FROM RED BEANS (PHASEOLUS VULGARIS) 

By Jonah G Li, M D , and Edwin E Osgood, M D 


A TECHNICALLY simple and rapid method for separating living leukocytes 
and nucleated erythrocytes from whole blood or marrow with a high degree 
of efficiency, large net yield and negligible admixture with mature erythrocytes or 
other contaminants is needed for chemical, metabolic or cultural studies of these 
cells The method presented in this paper describes a technic for accelerating the 
sedimcntauon of erythrocytes, leaving unaltered leukocytes and other nucleated 
cells suspended in their own plasma This separation can be accomplished in ap- 
proximately ten minutes from the time the blood or marrow specimen has been 
collected It is applicable to any volume of blood from less than i o ml to over 
500 ml 


Mbthod 


Pnnctpli Erythrocytes arc agglutinated by addition of the phytohcmaggluumn, 
sedimented by slow centrifugation, and the supernatant fluid contaming the living 
nucleated cells in uniform suspension is separated by aspiration 
Tccbmc of cell separation Withdraw the desired amount of blood or marrow by 
venipuncture or sternal puncture and deposit in tubes with a measured amonnt of 
an anticoagulant Sodium citrate, potassium oxalate or hepann arc satisfactory 
for this purpose Add the optimal amount of bean extract containing the phyto- 
hemagglutinm and mix Centrifuge at about 40 g C500 rpm m an International 
centnfuge size i, type S B, with No 10354 head) for about 90 seconds or until the 
maximum plasma volume containing a uniform suspension of leukocytes with no 
buffy layer is obtamed Aspirate the supernatant plasma 
If the erythrocyte count is over 7,000,000 per cu mm , add two volumes of pooled 
plasma and double the usual amount of bean extract, mix thoroughly and proceed 
as above Physiologic saline is not satisfactory as a diluent for polycythemic bloods 
This techmc will increase the yield of nucleated cells and the percentage of erythro- 
cytes eliminated in nonpolycythemic bloods, but is not necessary for most pur 


poses , 

Prepar^ton and standardixation of the pbytobemaf^luttmn Soak 100 Gm or dry 
beans (Pbaseolus vulgans) or navy beans (Pbaseolus communis) for 14 hours in icx» 
ml of o 85 per cent sodium chloride solution at room temperature Macerate in a 
Wanng blender Let the mixture stand at room temperature for three hours, stir 
ring frequently Centrifuge and decant the viscous extract from the bean pu p an 

mix It with about 10 Gm of kicselguhr or other ffi^-aid 

through Whatman No 30 paper in a Buchner funnel with sucuon This y q 
From the Division of Expenincntal Medicine UmvenitxofOregon^i^^o^P'’"'"^ 

aided by a grant from the Medical Research Fonndauon of Oregon Portland Oregon 
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16 to 1 j} hours because of the viscosity of the extract Adjust the pH of the filtrate, 
usually about 4 z, to 7 3-7 6 with 2.0 per cent sodium hydroxide, add filter-aid 
and refilter through Whatman No 30 paper in a Buchner funnel with suction 
Sterilize this filtrate b) passing througn a Seitz filter The yield is approximately 
300 ml 

An amorphous material of high agglutinating titer may be obtained by dialysis 
and evaporation of the clear fluid after removal of the precipitated globulins as 
described by Osborne, Mendel and Hams' if the minimal possible organic addition 
IS desired However, the crude extract is entirely satisfactory for the separation of 
nucleated blood and marrow cells and is quite stable Two aliquots of the extract 
showed no appreciable loss of potency after being kept for six months at room 
temperature (18 to 12. C) and for nine months at refrigerator temperature ^8 to 
10 C) 

Titration of the extract Do a leukocyte count on a sample of oxalated normal 
human blood and calculate the number of leukocytes in each 5 ml Add to a senes 
of centnfuge tubes, each containing 5 ml of this blood, increments of o 05 ml 
(o 05 ml , o 10 ml , o 15 ml , etc ) up to o 3 ml of bean extract Mix thor- 
oughly and centnfuge at 500 rpm (40 g) for 90 seconds Enumerate the leukocytes 
in the supernatant plasma From the volume of the supernatant plasma and its cell 
count calculate the yield of leukocytes as per cent of the absolute number in the 
original 5 ml of whole blood The volume of bean extract which produces the 
highest yield of leukocytes and the fewest erythrocytes is the optimal amount for 
that lot of extract This is usually o i to o r ml of the extract for each 5 ml of 
oxalated blood Too little extract fails to agglutinate all the erythrocytes and too 
much entraps some leukocytes m the large aggregates of erythrocytes produced 
Efficiency of the separation Tables i, x and 3 show the data obtained in evaluating 
the method As shown in table i the phytohemagglutinin affects the erythrocytes 
of all blood groups equally efficiently In bloods with essentially normal leukocyte 
and erythrocyte counts, a mean of 77 per cent of the total leukocytes present in the 
original blood were recovered in the plasma, with a range of 61 to 94 per cent A 
mean of 99 8x per cent of the erythrocytes originally present were eliminated, with 
a range of 99 5 to 99 98 per cent The percentage recovery shows no relationship to 
the initial leukocyte or erythrocyte counts 
Note from table x that 5X to 78 per cent of the leukocytes of leukemic bloods with 
high cell Counts were recovered and over 99 per cent of the erythrocytes present in 
the original blood were eliminated There appear to be no significant differences 
in the recovery of leukocytes from the different types of leukemia It is shown 
in table 3 that when the technic recommended for polycythemic bloods was em- 
ployed 60 to 100 per cent of the leukocytes were recovered and over 99 per cent 
of the erythrocytes were eliminated 

Cell separations earned out by this technic on marrows from patients with 
marked hyperplasia of the erythrocytic scries of cells have shown comparable 
mcovcncs of the total nucleated erythrocytic cells with proportions of each nu- 
cleated erythrocytic stage similar to those in the original marrow as shown b) 
differential counts of smears prepared before and after cell separation It is obvious. 



Ta.l* I -Pnanup ,} U.k^.s Pacvmd and .f El,„,nat,d n, S.par.,.^ „ Bl»ds ./ 

StMdtnts Mild Lasiicrdtefy Pcrstitncl 

Blood Cronp WBC per cmm. Blood % Yield ofV^’BC* RBC per enm Blood I % EBC Elonoutedf 



• WBC per emro- of scpxriccd plasmi X volume of plasm* 
WBC per rmm of whole blood X volume of blood 


X loo - % Yield of WBC 


/RBCpcrcmm of scpiritcd plasma X volume of separated plasma X loo^ 

\ RBC per emm of whole blood X volume of whole blood / 

% RBC chmiDated. 

Tasls 1. — PtTuraait of LcniMcytts Knoperxd Mnd of Prjthrocytts Pdmingtti in Stforottonj on UmIuow Bloodj 
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therefore, that the phj tohemagglutmin docs not agglutinate nucleated erj thro- 
cytes in appreciable numbers even when they have developed their full comple- 
ment of hemoglobin Rcticuloc) tc counts from the supernatant fluid indicate that 
the proportions of rcticulocj tes in the fetv remaining cry throcytes arc somewhat 
increased, but that the majority of reticulocytes arc eliminated 


Discussion 


Properties of the ph)tohemaggluttntn Although we rediscovered this phytohemag- 
glutimn accidentally and independently, search of the literature revealed that 
Dorset and Henley- in 1916 used a crude extract of navy beans (Pbaseolus communis) 
in the large scale preparation of antiserum for hog cholera Goddard and Mendel’ 
m 1919 thoroughly investigated the properties of the phytohemagglutinm iso- 
lated from navy beans, described a technic for preparing it in purified form and 
showed that it agglutinated human, rabbit, dog, mouse, chicken, duck and rat 
erythrocytes It differs from concanavallin-A’ in that it agglutinates human 
erythrocytes and from ricin' in that it is nontoxic We have cultured leukocytes 
and nucleated erythrocytes isolated by this technic, using the marrow culture 
method,'' * and have noted no detectable effects on the morphology, survival, 
mitosis or motility of the cells Goddard and Mendel* injected 8 mg of their puri- 
fied matenal per kilogram of body weight into rabbits and 600 mg per kilogram 
of body weight into mice with no demonstrable deleterious effects This lack of 
toxicity clearly shows that it is not ricin, which is one of the most toxic sub- 
stances known Goddard and Mendel* concluded from their studies of the purified 
matenal that it is a water-soluble albumin They found that o 7 micrograms of the 
punfied matenal would completely agglutinate o 5 ml of a l 5 per cent suspension 
of human erythrocytes in isotomc saline We found that o i mg of the punfied 
matenal was optimum for agglutination of the erythrocytes in i ml of normal 
blood Use of the punfied material is necessary only if the minimal amount of 
Contamination by extraneous organic material is essential in the studies for which 
the isolated leukocytes arc to be used 

Comparison with other methods The usual method of separation of leukocytes and 
nucleated erythrocytes by prolonged centrifugation to concentrate them m a layer 
has several disadvantages Among these arc the contanunation of the leukocytes 
by erythrocytes, the low yield of 30 to 50 per cent and the clumping which prevents 
accutatc cell counts 


A number of methods have been reported recently designed to overcome these 
disadvantages None of these, however, introduces so little extraneous orgamc 
material, gives such consistently satisfactory cell separations and leaves the nu- 
cleated cells in both a countable and viable condition In none of the other reports 
are adequate data given from which to calculate the percentage yields of nucleated 
cells None of these reports describes the separauon of nucleated cry throcytes 
Of these methods the technic described by Valee, Hughes and Gibson" of flota- 
tion of leukocy tes on salt-free albumin of specific gravity i 079 appears to be the 
This method is not suitable for processing large volumes of blood The ad- 
justment of specific gravity of the albumin solution has to be very critical and 
sometshat different for different blood or marross specimens Grlls at the albu min - 
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plasma interface arc exposed to high coUoid osmouc pressures and may be markedly 
shrunken and the cells arc no longer countable because of mattmg together One 
can never be certain what the yield is on the particular blood or marrow speamen 
under study We have found difficulty with this method in getting uniform, com- 
plete separation of the nucleated and non-nucleated cells, although under ideal 
conditions it probably gives the highest percentage yield of any method yet de 
sen bed 

The method of Spear* uses the same flotation pnnciplc and has the same advan 
tages and disadvantages as the preceding method plus the necessity of freeing the 
cells from the gum acacia used and the technical difficulty of adjustmg the solution 
to proper pH, tonicity and specific gravity It is much more tunc-consuming than 
the method here presented 

The method of Singer, Silbcrbach and Schwartz' depends on hemolysis of the 
erythrocytes by a mixture of gramicidin and lysoleathin Free hemoglobin is 
known to be toxic to cultures of living ceils Intensive washing of a highly viscid 
mixture IS necessary to free the nucleated cells from hemoglobm It seems highly 
probable that these surface active substances might damage the cytoplasmic mem- 
branes of leukocytes as well as erythrocytes 

The method of Minor and Burnett,'* which depends on production of rouleau 
formation by addition of fibnnogen from ffacuon I of human plasma, appeared after 
this study was completed While no studies of the yield obtained were reponed, our 
work with the method indicates that if modified by the use of the centrifugation 
technic herein outlined satisfactory cell separation is obtained It would be much 
more expensive if the fraction I were sold at cost of production It also introduces 
larger amounts of extraneous orgamc and inorgamc materials than the method de 
sen bed in this paper 


Summary 

A method is desenbed for rapid and efficient separation of leukocytes and nu 
cleared erythrocytes from blood or marrow It is based on the rediscovery of a non 
toxic hcmagglutimn, isolated from common red or navy beans, which agglutinates 
all human erythrocytes and those of the ammals which have been tested with n 
The time from drawing the blood to complete separation of the cells is less i an 
ten minutes The cells remain in suspension in their own plasma and are counia e 
Negligible amounts of foreign matenal arc introduced, a great advantage in c em 
cal studies The cells so isolated arc living and suitable for culturcstu les 
volume of blood from less than i ml to over 500 ml may be process n 
nucleated erythrocytes arc separated with the leukocytes and in t cir ongi 
porportions The volume, motility, morphology and life span of the ce s 
turcs arc not altered by addition of the bean extract 

references 

>Cta>o»NB T B .Mendei^L. B andHa»»is,IF Thettodyofthcprotcioiofthccis 

^alrefcracctothciwUnonofncin Am J Phjs.ol ^ jerom. J Ayn 

. DO^ M Am> Hmnxr, R R Producuou of dear Mrnlucd xut. f.og<» 

Research S 333 “9'^ 



JONAH G LT AND EDWIN E OSGOOD 675 

’Goddaud, V R , and Mendel, L. R Plant hemagglutinins ssith special reference to a preparation 
from the na\) bean J Biol Chem St ,}47, J51.5 

* Dameshee W and Millee, E D Pathogenetic mechanisms in hemolytic anemias Arch Int Med 

7 t I 1943 

‘Osgood E E Marrow culture, A S) mposium on the Blood pp itg Madison Wisconsin Univer- 
sity of Wisconsin Press 1941 

’ Culture of human maiTots Summary of studies to date West J Surg Ohs and Gy n tS 540 

1940 

‘Valee B L,, Huoiies, W L. AND Gibson J G A method for the separation of IcuLoc) tes from 
the whole blood b> flotation on scrum albumin Blood» Special Issue No i, 1947 
*Speab F Separation of leukoc) ICS from whole blood by flotation on gum acacia Blood/ 1055 1948 

* SiNOEx T P Sjlbekbach I AND ScHWAUTZ S Thc preparation of morphologicaIl> intact Icuko- 

c>tcs from penphcral blood by means of gramicidin and lysolccithin Blood Special Issue No i, 

^947 

Minok a H AND BtrRNBTT, h A fflcthod for obtaining living Icakocyfcs from human peripheral 
blood by acceleration of cf) throe) tc sedimentation Blood / 799 1948 



ABSTRACTS 

Joseph F Rois MD Edsttr 


ASSnUCTEES 


PIelen W Beldino MD Wjaiton SaJcm N 
Sheila T Callempee MD , Oi/ord Eflglind 
Geoxoc E CAXTmroHT M D Sdc Gey 
Rooee C OtAm Pk.D Boston 
Chaelk P Euejuon MD Boston 
Solomon EmiEN MD New lork 
Gement a Finch M D , Boston 

Jan WaldenitrBm 



Gjnxad Maiex, M D Zonch Switzerland 
Milos NsTotJiEr, M D Prague Czechoslovakia 
Jean P Soduee, MJ) Pans 
Ramon M Striig, San Juan Puerto Rico 
William Valentine, MD Los Angeles 
M D Upsala Sweden 


HEMOLYTIC ANEMIAS 

Haemolttic Disease of the Nbwboen Cettewa of Seveiutt P L. }>iiUtson anj AUnr CMihush From 
the Medical Research Counal Blood Transfusion Research Unit Depamnent of Obstetrics Post 
graduate Medical School, London Bnt M J j 1x3 1^5 

The hemoglobin valoe of cord blood 1$ well correlated with the seventy of hemolync disease In 
contrast venous and capillary blood samples especially when taken some hours or days after birth arc 
liable to misintcrprcutioo Normal values do not exclude anemia at birth If the cord is not climpd 
early and transfer of pbccnul blood is allowed, a deceptively high hcmoglobm value may result 
In this senes most of the babies with a cord hcmoglobm of less than 8 grams per cent died withm 
twenty four hours of birth A raised venous pressure found in some of these infants suggested that they 
died from heart failure All of those with a cord hcmoglobm of over 14 grams per cent survived 

The cord bilirubin and degree of crythroblastcmia also show some conelanon with seventy of the 
disease but other tests such as the strength of the direct Coombs test amount of free anribody 10 the 
infants blood and form of antibody in the mothers serum arc of limited value 

These observations arc of considerable value as a guide to the tnanagement of lofanm with hemo ync 

disease Also, as the authors point out the adopaon of cxamioatjon of cord Mood as a ronnne m 

babies would make it possible to compare groups of cases m regard to seventy 


Mediteeranean Anemia A Marmrnt and V Btanchs From the University Medical me 
CItalv) Acta hacmatologica J 4-L8 1548 

Three cases in the same Sialian family of the so-called Rjcta-Greppi hhchch $ ^ 

with increased osmotic resistance of the etythrocytrs are reported rcmarable also 

hematologically normal parenuge The geneuc implicauons related to H-or 

findings of a bilury calculosis and an ulcer on the nght anUc of one of them are r „ I„d on it: 
tologic studies showed the well knosvn features of this pecuh«- di«J ^ 

authors researches on red cells firagmentauou in vitro and in vivo chiefly by 

mg technic and others , increased mechanical 

The demonstration of an intense erythroeyne ^ .mhots fer 

fragiht), both in this and m genuine Cooley s anemia ^s ‘ nn^ Th- by 

identi^g the above mentioned syndrome with the mottote „^!y m osmonc 

potbes^f mechanical fragilit) as closely related to mcreased ^ h.molyne and pnmat.lr ctyti 

SX isconsidered an ourlum of a newd„sifieari» of 

ro^sne anemias the latter compns.ng both di.lassenua and «c!dc<cU 

676 




abstracts 


677 


^culacons « to the natott of the blood dtsorder suggeattog a conger,. tal error of .ton ntetabohsm po, 
tibly invoUong fault) stromato-hemoglobin bindingt, arc advanced ^ ^ 


, yj P Jt Alrf>«wft anJ E P Sm>n From the Department 

CosoEviTAL Hemolttic Icterus IV THE Ncoao K K A inM dinl Disision B llesue 

of Med, cne. Cornell Untt-eratt) Med.cal College and the S-cond (Com-ll) M d.cal D.s.s.on 

Hosp,ul Ness YorhCt) Am J M Sc Th., .s a maternal aunt 

Congemtalbemol)Cic.cteru 5 .na i6)Yr o'^8 ^ ,345) and if the d.agnos.s .s 

of the pitient reported b> Scherer and Cecil CJ ^ ^^id^ncc of racial 

correct .s about the fourth or fifth ss-ell authenticated supported by the family 

adnuiture saas obtained The d.a^os.s of ^ hypotonic saline Hos«ser 

hutory spherocytosis splraomegaly. and :^d mnculSrois ss-cre minimal and 

history ofhemobTicepisodesssassmguUrly lack ng of , com^ duct stone Follossmg 

although jaundice svas present It ssas most l,Wydu- P ^ ^ diminished in numbers 

splenectomy and choice) stectomy the jaundice dis pp- . P -rorvtnsis and anemia dis 

tL saline fragility cur^ shifted toward normal and the ret.culocy tosis, macrocytosis and anemia 

ipptarcd GEC 

T TW PeCn'CANT CoLOILED WoME>r P 

H"r^eS%^rrtf^r;::rmer or;Ld.c.ne and 

Wlege^the Sure of South C^olina and J Negro wom-n m 14 pT «nt of ayo 

The sickle cell traic wis found m 14% ccac 01 :>w 5 o miles Of 71 

^gravid Negro feml» of o« Wo«d\o w'lld sicL cell anemT Sicklemia did 

f "'IT J ^lettndTri^rLto^^ 

blood destructive process in aa sicklemia patients observed through the Ust trimester and during labor 
and the puerperuim G E C 

Hast Disease rs Sweohk R flrr/m From the Med.cal Departm-nt of the Lidkop.ng County Hosp.ul 

Itrgc amounts of blood pigments in the unoc shorn 6 

hcitotologists oaticnt has eaten fish and occur chiefly among fishermen 

The symptoms appear some time after rbc P»ricn economic and 

In the present epidemic all the patients ^ I^r there were no 

natricional importance All the cases occurred from Feb ry ^ ^ rUr unne is dark red 

..milar case. The symptoms are and the urine becomes pa^ 

Tbe author d.Lssef the possibility that the disease may have something ^ 

ChasKk paralysis caused by the presence of an ant.tbmmin active substance in the muscles from certai 

7t probable that this diagnosis iv.ll be found ro be more common with increasing knowledge of 
*hc symptomatology j \i/ 

D,rrE,EVT.ALD.Aosos.soEHE«OLTT.cAvEi..AS H Wm From the Med.cal Un.i-ers.t) Clinic Basel 

(SiMtcrland) Acta haematologica r iS-)) 194 ® t a -a ^.11. .n a rav-i nf 

The paper reports on the determ.nat.od of the life duration of transfused red cells 2 
b-mol)-t,c anemia one of these cases b-longcd to macrocytic anemia Dyke \oung the other 
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of congenital hcmol> tie jaundice The conclusions which can be drawn frora these 
pathogenesis of such types of anemia arc discussed 


investigations for the 


CM 


A Case o? L-mPHOOKANuroMATosis (Hatwiavs Disease) with HmoLYnc Aptoha Svtnd GntlnJ 
From the Medical Deparrmcnc of Aalborg County Hospital Denmark Acta med Scandinar 
361 J547 

The occurrence 0/ hemolytic anenua (hypcrsplcnisra) in patients ^nth splenomegaly from different 
causes IS s\c/f known at present The case created m thu paper 15 of great interest as splenectomy caused 
temporary improvcracDt of the anemia Ccrythrocytcs from o 84 mill to 3 5 mill ) Later the patient 
dcs-cloped typical Hodglm s disease with losolvcmcnt of the lymph glands Histologic structure wu 
typical in the glands but the cnicrotcopic examination of the spleen showed no sign of Hodgkin 5 disease. 
Two similar cases ha\*c been published previously Such instances of sj mptomanc hyp ersp lenisci ire 
of grzat thcnpcQuc tmpon20<x as has recently ban emphasized hy Daraeshek 

JW 


MACROCYTIC ANEMIAS 

Macxocttic Anemia in Centhaz. Aejucans in Rei.ation to Anctcxostomiasis and Onaa Diseases. H 
Lthmann From Makcrerc College and Mulago Hospital, Kampala, Uganda Africa Lancet r 50^5 

This amdc contains some interesting observations which help to disentangle some of the problcuu 
of both tropical macrocync anemias and Kwashiorkor 

By the study 0/ 44 cases of severe anemia the author shows that maCTOcytosii m the Central African 
is due mainly to retsoilocytosis in response to blood loss or following appropnatc treatment TbeK 
macrocytes he calls coctic (onfinished) cells being distinct from macrocytes denved from meialo- 
blasts Most of the patients had a severe hypochromic type of anemia due to hookworms batmaUnaind 
infection in some masked the blood piccurc of iron dcfracncy Evidence is given that either iron or norm' 
ing will give a partial remission in hook\vorm anemia but that both arc ncccmry for full ttcoserj U 
was further noted that worming reversed syroptoins usually associated ivith Kwashiorkor c g i pafr 
skin and hair, in patients whose iron deficiency has been corrected The suggestion is made that the 
parasites inhibit tyrosine oxidation, thus afrccungmelanio fonoation and aircsnogmaruranon ofrcuci>- 
locytcs This might be an addioooal factor in p'odocing macrocj’ccs Tests in which tyrosine was m 
jeeted into the lion arc described to support the idea of lohibitJon of oxidaiioo by parasites 


A Case oe Feunicious form Anemia in a CmiJ> Nineteen Months Ou? PHD TVaagniifl From i 
Medical Service of the County Hospital Manbo Denmark. Acu med Scandina\ 547 ' 54 ^ 
The child had been breast fed unul 10 months old Then for four months chiefly breast fed Later rm 
bat practically no egg fish or meat At ly months, scrcir rocgalocy nc anemia with megaloblastic 
was found Gastne aadity over 40 units of free HO after hisrammc Treatment with 
hver extract gave reticulocyte response and prompt changes in the sternal marrow After thirty sys 
red cell count was 4 million Speafic treatment was stopped and after six months there 
relapse Laver extracts had excellent effect again The diet m the mtcrvil was regarded as su co ^ 


A Case or REr*Acto»T Anemia in a Finae State Soooesiive or Apeastic 

PioMENTATioNOTTHESriN SocCEssmET-T T.eateo wmi FoLic Acio B A.^«i» Fcom <bc Mcd.ii 

DcpAitmcnt of the Cwolint Hospital in Stockholm Acta med Scanfinav 'f* ^ 

A ease of chrome liver rc/raaory macrocytic anemia svith nonmcgalo last 
m teocnlocytcs, no signs of liver damage and presence of free HO in the )u 

blood transfusions until folic aad could be given WithEsmg o t „j(, guch cases arc of 

improvement with marked rcticnlocytosis and increase m t « eScctivcU The presence of 
gl, importance as fohe aad seems to the only ssay of tieaung them cffeetivel, 
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HCl in the gastnc contents in such ar)'picil l!\*cr refractor) conditions that respond wcW to the adrainis 
trauon of folic aad should be cspcciall) stressed Cef also macrocytic anemia of pregnancy) 

JW 

Ov THE Price JovEs Curve IN IsTTiAL PfiRsnaous Anemia G T^tterman Helsingfors Acta med Scan 
dmav j2p 478 1948 

Thirteen patients ^Mth initial pernicious anemia were investigated nith regard to skewness of the 
Pnee Jones curves The majorit) of the cases had s)mmctnc curves but the distnbution range of the 
ccll-5i2c$ was abnormal show^^g the blood to be pzthologic 

JW 

PoRPHYiuN IN Pernioods Anesiia C D Dt Langen Medical University Clinic, Utrecht (Holland) 
Acta haematologica / 93*^8 1948 

luver extracts contain a substance that can combine with porphynn The porphyrinic properties are 
lose as long as it forms part of this compound This hitherto unknown substance is found especially in 
the liquid obtained by expression of the liver In pernicious anemia it is lacking In urine and stomach 
*ccretion of normal persons this subsunce is always present but in unne and stomach of patients with 
pernicious anemia it was not found even after treating these patients with liver extracts 

CM 

Fouc Aqd in THE Treatvcent or Perniciods Tapeworm Anemia B v»n Bmsd»rjf Helsingfors Finland 
Acta med Scandinav Suppl 113,81-90 1948 Stadia 10 Honorcra Einar Mculengracht 
This paper is a continuation of jBonsdorff’ s previous work on the mechanism of tapeworm anemia in 
Finland Folic acid had an excellent effect in four eases of this disease when given m doses of 10-30 mg 
ptrorally for 7-10 days The author concludes chat the antuncmic effect is not impaired by the presence 
of the worm in the intestinal canal 

Febdino or DiPBrixoBOTHRiuM Latum Intluence the Interaction between the Intrinsic and 
the Extrinsic Factors or Castle? B v9n Bonsiorg Helsingfors Acta med Scandinav zap 59 1947 
The possibility that the tapeworm might contain some substance antagonistic to the action of the 
intiancmic factor formed by the lotcraction of Castle s intnnsic and extrinsic factors was tested by the 
author Neither fresh nor dried tapeworm has any influence on this interaction in vivo Nor was the re 
mission after the expulsion of the worm checked by peroral administration of dried tapeworm Prepara 
tiOQs of hog s stomach mixed with large amounts of dried worm had retained their therapeutic effect 

J W 

In Which Part of the Intehinal Canal is the Fish Tapeworm FouniP B ven Bomdtrff Helsingfors 
Roland Acta med Scandinav 129 142. 1947 

The explanation of the fact that only a low percentage of tapeworm earners show signs of pernicious 
anemia is not yet found The possibility that the location of the worm ma) be of importance from the 
point of view of pcmiaous aocmia was invcsagaccd It was found that the worm is most frequently 
located in the ileum rarely in the jejunum and very rarely id the gall bladder Vomiting of the tapew orm 
*ccms to be connected with a higher incidence of anemia The possibility that the tapeworm may be 
located higher up in the intestinal canal when vomited seems worth discussing The author is vet) care 
ful however in drawing any conclusions regarding the connccuon between high location of the worm 
md Occurrence of tapeworm anemia 

JW 

On THE Secretion or Gastric Juice in Recovbrt after Pernicious Bothriocephalus Anemia C A 
HffnJfrj From the Medical D-partmcnc of Mana Hospital Helsingfors Acta med Scandinav 129 
*947 

A folIo\% up examination of 14 patients who had suffered from pernicious tapeworm anemia i-xx 
>‘carsa^o 15 published The blood picture was normal AchIorh)dria was found in i«ca<-s In all of these 
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the worm lud been «J^Ucd only 1-3 ycirs »go In the other oks 7-5 h»d elapsed since the a 
pulsion of the worm Nb case was found where an idiopathic paniaons anemia had developed 

JW 


ANEMIA THERAPEUTIC AGENTS 

TimnoiN* AND Vitamin B.j in PeaNiaons Anemia C C Uniliy From the Royal Viaona Infimuiy 
Nesvcastle upon Tyne, England Lancet i 164-165 1545 

Thj-midine has been isolated from liver and found ro prevent the tonaty of methyl folic acid It 
can also replace \utamm Bu m the nutnuon of certain lactobaciUi Such microbiologic evidence suggested 
that thymidine might have anupemiaous anemia acnvity 

This paper reports that 48 mg of thymidine mcramuscularly produced no hematologic remission in 
a patient with classic addisoman pemiaons anemia The same panent later responded to 7 3 ng of 1 
red crysulline antipemicious anemia factor identical with or closely allied to vitamm Bn 

SC 


The Maintenance or Patibnti with Teopical SpaiiE ey Means or Masove Doses or Synthetic 5 Meihil 
Ueacil (Thymine) G G Lofez F Milanti, K L Tkh T Artmimi tnJT D Sptu From the De 
partment of Nntntion and Metabolism Northwestern Umvetsity and the Department of Geoetil 
Pathology, Umversity of Havana Havana Cuba Am J M Sc arf 170-174 1348 
Three patients with tropical sprue have been mamtamed m complete hematologic remission for at 
least a year on oral thymine therapy There was no evidence of subacute combined degeneranon at any 
mne The paoencs, according to the anthors svete asymptomauc with compfctefy normaf stooii t/cce 
the first SIX weeks of therapy Two of the paoencs were maintained on 5 grams of thymine per day The 
third paaent received 13 grams of thymine for 50 days and none thereafter 

GJLC 


E mc r or Pteeidines and Blood Seba on Human Bone Maeeow Celis in Viteo E R Ntmt tnij J 
M^jnsneb From the Depanment of Biochemistry University of Washmgton, Seattle, Washmgton 
Am J Physiol ryy 496-458 1948 

Ptendines and blood sera have been shown to cause a cellular proliferation in vino of bone niarroiv 
suspensions of the rat rabbit cat sheep and beef This work was done to detcmuiie the effects on the 
bone marrow of the human Rib marrow was obtained by surgery and a suspension was prepared in 
Tyrode i solunon without glucose Ten mg of hydrolysate and o 5 mg of tryptophane were added 
per ml of cell suspension Proliferation was determined by means of cell counts Xanthopterm increased 
the rate of cell proliferation while antixanthoptcnn inhibited this proliferation 

R C.C. 


A Method toe Stodtino the Eftect or Various Sobstances uton ReI) Cell MATtraAnoN 
E E Hays From the University of Vermont College of Mcdicmc Burlington, Vermont Am J 
Sc ii 6 518-533 1948 , 

An in vitro cell survival techmc usmg rat bone marrow and based on the reticolocyce 
three hours incubanon at 38 C in vanous diluuons of glucose free Tyrods s soinnon is desai “ 
are given which mdicate that maturation of the red cells is stimulated by anti pemiaons anemia 
extracts and not by vanous other substances mcludmg an inicuvx liver extract Pterolyg iiuwic ac^ 
and pteroylhcpugluumic aad were inactive when so assayed Normal human serum an rat serum e 
hibitcd the presence of the maturation factor rcqmted by this GEC 


m.0ENCE or THE Dosaoe or Xanthxosverin ovon the Response in 
Majnarscb From the Department of Biochemistry University of Washmgton 

Am J Physiol ryy 133-137. >948 rmrrt-rcmrial/athisrolc AsiogL 

Young rats were made anemic by feeding a pnnfied diet ™ if b-mopo.cs.i Eit 

icction of less than 3 mg of xanthoptenn per kilogram of body wnght produced Em po 
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resultt were obuincd with i o mg Doicj of lo mg or more aggratated the anemia Normal rats were 
alto ttndied Similar results were obtained 

RCC 

Iktsas-enods laov Tiibrapt K J Af,ntr N S E AnJmmn ami N G Ntriimsim Media Klinilc und 
Chem Laboratonum des Serafimerlasarettet i H Med Poliklinib, Stockholm Acta haematologica 
a 193-111. 194S 

Twenty cases of iron-defiaenc) anemias ss-erc treated with intratenous injections of a special chemical 
compound of fern iron In 17 cases an increase of the hemoglobin the number of the erythrocytes the 
teticulocyus and the serum iron was obsen ed as an effect of this treatment In 19 cases there was a special 
favorable effect on the S)'mptoms and on the epithelial signs 

Side effects in connection with the injections were not noticed Paravenous injection of the iron solu 
tion must be avoided 

CM 

IjcriAViNoos I»ON IN THE Theatmevt OF Anaemia or PaaoNAVCY A D T GteananJJ M. San prom 
the Glasgow Royal Maternity and Women $ Hospital Scotland Lancets 14-16 1949 
Femvenm (saccharated oxide of iron) was used to treat ay patients vnth anemu of pregnancy 
AH the patients responded to treatment and the response compared favorable to that obuined in 61 
tmular patients given iron by mouth Two patients apparently refractory to iron by month responded to 
the intravenous iron One patient had a severe reaction and about 10 per cent showed a slight general 
reaction at the first or second injection but not subsequently 
The pregnant anemic women appeared to need more iron than nonpregnant women to restore the 
*'tmoglobm values to normal, 1 e almost 40 mg of iron for every i per cent increase in hemoglobm, 
Ptrhaps due to the demands of the fetus 

SC 

^trriAVENDtrs TaBATMENT OF Anaemia with an Ieon-Sdceose Peefaration H C B Slack ami J F 
Wilksiun From the Department of Haematology, Manchester Royal Infinnary England Lancet r 
11-14, 1949 

After tnal of many different iron preparations it was found that Seiti filtered fern ox sacch B P 
(1 per cent iron) could be given intravenously in large doses without producing toxic symptoms Sixty 
patients with iron deficiency anemia were treated about a third of them with a home made preparauon 
Md the remainder with Femvenm (Bengers Ltd ) The total blood iron defiac was calculated in 
tach patient and 50 per cent added for depleted body stores The usual scheme of dosage was ay mg , 
tocreasing daily op to zoo mg on the fourth and subsequent days until the toul calculated dose had been 
given Only one patient developed a mild reaction to aoo mg but larger doses gave more frequent re 
actions Fifty-seven of the 60 patients mcluding tome refractory to oral iron showed a smking thera- 
peutic response Utiliaauon of iron appeared to be nearly 100 per cent urinary loss being negligible Two 
patients with chronic infection showed a response but required more than the calculated amonnt to 
cuaintam improvement 

This eipenence with intravenous saccharated oxide of iron confirms a real therapeutic advance The 
•“Sgeition that the anemia of infection may respond to this form of iron is especially interesting and 
clearly needs confirmation 

An amendment to the method of preparauon and further details are given in a letter from these 
authors in Lancet i 163 1949 They also give a warning against the imtant acuon of the iron preparauon 
' allowed to leak around the vein 

SC 


leukocytes, leukemia, lymphoma 

DuTEXENTiAnoN OF THE Neoteophil Leuxocttes K Rcir Media UniversitatsLlinik, ZCnch 
haematologica r 9S-10S 1948 

Schill' neutrophil sub-cell is cntically analyzed and it is shown that by smctly using 

■ug s definmon only the lack of segmenuaon of this cell group 1$ uLcn mto considerauon UTiile 
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the name of *tab<clls should express at the same time a lack of lobulation of the nucleus. It is pointed 
out, that the tendency to lobuUtion of the nucleus and the degree of segmentanon of the nucleus hare 
from the genetic point of view a different origin Thclobulationof the nucleus respativciy the definitive 
number of the segments is dependent on the form of the maturating myelocytes but the extent of seg 
mentation is regulated by the speed of maturation and emigration Those two functions arc controlled 
b> the \*cgcuti\*c nervous system the formation of the cells is under parasympathetic the maturation 
and cmigrauon under sympathetic influence It is suggested that from now on one should duonguish 
only between segmented and unsegmented neutrophils and to record separately the number of the seg 
roents either dc\’clopcd or sail in development 


The Xntldbnck of Physical and Chesocal Agents on the Movescent of T.CT Tfnr fr p p Sd^fTtr 
Anatomischcs Instituc der Umvcrsitat Zunch Acta hacmatologica x 178-191,1^8 
A method is descr ibed for the measurement of movements of isolated cells The results of the measorc- 
ment concern the influence of hypotony and hypertony colchianc acetone alcohol chloralhydraic 
stilbestrol and cibazol and they arc compared svith the influence on the development of mitoses m 
fibrocytes 

ChL 

Changes in the Blood Leococyte Level op Adrenalectomited and Norsial Rats following Ad- 
ministration OF Typhoid VAcaNE L A Ltvu and I H Tdgt From the Research Division of the 
QcveUnd Qinic Foundation Cleveland Ohio Am J Physiol 1$} i48-15l, 1948 
Previous work has indicated that tone agents introduced mto the body produce a decrease m the 
circulating lymphocytes through the action of the adrenal cortex This work was done to dcccrmmc 
whether there vsTjuld be any response to typhoid vacanc in the absence of the adrenal glands Rfry-sne 
adult male rats of the Sprague IDawley scram were used They %vcrc adrenalcaomiied and maintamcd 
on o 9 per cent ulc solutions Intrapcnconeal injeaions of typhoid vacanc markedly iossered the lympho- 
cyte level two hours after the injection in the absena of the adrenal glands In addition the neocrophils 
increased m oumber Normal human beings infected with typhoid vacanc showed similar results It is 
concluded that the adrenal glands arc not necessary for the lymphopenia which is induced by typhoid 


The Negative Effect of Fouc Aao on Irradiation LEin:oPENiA in the Cat W J Adams and J S 
Laiercnct From the Uni\'crsity of Rochester School of Medicine and I>ncistry and the Medical De 
partraent of Strong Mcmonal and Rochester Municipal Hospitals Rochester New York Am J 
M Sc 216 656-660 1948 

The prophylactic and therapeutic administration of folic acid to cats did not alter the occurrence or 
the magnitude of leukopenia caused by exposure to xoo -y whole body irradiation r F C 


Studies on Blood Histamine Partition of Blood Histamine Before and After Ciottisg 
and Disease States W N Valfnttm and J S Lawrtnee F^ra the Unis-crsity of Roebe^ 
Mcdianc and Dennstr^ and the Department of Medicine of Strong Mcmonal an t c 
Muniapal Hospital Rochester Ness York. Am J M Sc axtf 619-614 1948 
Data are presented on the partition of blood histamine before and afe c 
non of blood hisuraine levels with the blood leukocyte pi^ m hwlth “ “ „„„ 

support the sne« that most of the blood histamine in ^ is found “ Greail) 

ttwsfer of hisumine from cells to serum was observed when h.^ ^ °i,_,o_noos 1 utemia but no 
increased values for blood histamme svere found in patients ss-ith chronic m> r j ^ , | „Lo- 

r^nelation was obuined between the lesxl of blood s.ru-s 

cyTcount The srud.es did not permit any conclusions as to vh.ch m-mb- of gran oc, 

arc richest in histamine content G E.C. 
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I-TurHocTTts AVo Kt*a\ AictiLA* Haimolyus R N Trinitl From the South London Blood Supply 
Dtpot Sutton Surrc) Lancet r 115 1549 

A piaent with acquired hemoljtic anemia accompanjing Hodgkins disease shossed a positis-c 
Ojombs test This was taken to indicate the intravascular hcmol)tic action of an immune gammaglob 
ultn In sumed films of the patient s blood man) of the Imphoc) tes showed c) toplasmic buds especially 
at the one of maximum hemol) sis and it is suggested that such buds becoming deuched might be the 
Worce of the immune gamma globulin 

SC 


Ov ScauM Comt in Asoisa Sismxx ash iv Imtctious Mosovcctxosis S hAmih-Piimm From the 
Biochemical Institute Aarhus Universit) , from the Mcdical-cpidemic Department, Aarhus Marselts 
Borg Hospital and from the Medical Department of Aarhus County Hospital, Denmark Acu med 
Scandinav i)i jS8, 1948 

Berum copper was determined oath sodium dieth>l-catbamate in li cases ssith angina and to patients 
With infectious mononucleosis In both conditions the values were increased as might be supposed in a 
fcbnle condinon The values in infectious mononucleosis were much higher The meaning of this differ 
IS discussed but no explanations could be found 

JW 

Aaa THE Basoahiuc LeuKocYTEs Hepaeisocytes ? G«o/» r*/ro»An From the Second Medical Chnic, 
Helsingfors Acta med Scandinav XSt 176, 1948 

The Aothor discnsscs the problem why cases of chronic myeloid Icukcmii with increase in the baso- 
pflihc Kokocytes do not show greater tendency toward bleeding th»n pauents with the same disease but 
low counts of basophilic cells If the basophilic cells of the blood were really producing hepann this 
II hard to explain The difTcrcncc bccwccn tissue basophilic cells and blood basophilic cells is pointed out 

JW 


Leocemia IN’ Childrek / Btchtl From the Qinical Department and the Research Labora 

of the Radium Centre ofjutland, University of Aarhns Acu hacmatol r 153-164 ^948 
, f stresses the freqocnc occurrence of osico^ticular symptoms in the early suges of Icuiccima 
dren Many such cases have for a time been misuiccn for acute rheumatic fever In early infency 
tic symptoms will always indicate a carchil examination of the blood (often including the bone 
is the blood picture may be almost normal notil terminally) The relation between the articular 
O^ptoms and the radiographically demonstrable bone lesions is discussed The value of the roent 
ogic cxamioatioa of the skeleton m obscure cases is cmphaaiicd The literature is surveyed, and three 
“^tenstic case reports arc presented 

CM. 


' Leutemia (Case Retoet oe a Naeoeu Tyw) H Dimjtn ami H IjXfm From the Medi 

nivcrsity Clinic, Utrecht (Holland) Acta hacmatologica 1 55"59 
' tlcmen leukemia is briefly discussed and a case of the Nacgch t3rpc is reported The monocytoid 
cs i^ich were originally found changed their character and more and more resembled myeloblasts, 
* poisiLc ^ P**^yclob!astt and myeloblasts vrcrc observed Sternal pnncnire made an early diagnosis 

I CM. 

I 

' ^'W**C0UA Teemihatino in Lymphatic Lhoeemia (Lymphosaecoua Ceel Leoxemia) L. Haaswmb, 

' ^ Laninun From the Dcp»rtmcnu of Medicme and of Pathology, Beth David Hos 

t Aca* fork New York Acta hacnurologica j 45~54 1948 

IS presented in which the panent when first seen had the histologic findings of lymphosarcoma 
bul bone marrow a year later an acute lymphatic Icakcima developed with rapidly 

blood 'faniition of the lymphosarcomatous to the Icukcrmc phase could be followed by serial 

Vernal and ihac bone marrow and tissue studies and confirmed at aucops) 
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The cells of the bl^ marrow and the l)mphnode5 have the characteristic fcitmes of lymphotarconu 
cells Consequentlj the disease can b. classified as lymphosarcoma cell leolemia 

The possibiht) IS discussed sshether ro-ntgen and nitrogen mustard therapj mdoced or enhanced the 
appearance of the IcuLcrmc phase 

CM 


The ELEcraoPHORETic Analysts op Seeum Proteins of the Blood Dyscrasias. A Bmat J T KtdJ 
B K Wtseman andW G Franct From the D partmints of Medicine and Chenmery The Ohio Stitc 
UnisersiC), and the Starling Lo\'ingUm\crsicy Hospital Columbus Ohio J Lib & Qin Med 

152-3-^533 1548 

The electrophoretic patterns of canons blood dyscrasias arc presented The Icolxmic states arc ai 
sociatcd ^sTth a dinunution in the approximate absolute amount of albumin and a nse in the absolute 
amount of globulin The albumin globulin ratios fall below the limits of normal m most instances The 
alpha I and alpha i globulin arc increased in most mstaoccs and the increase is noted with both normal 
and diminished total albumin ^alues Gamma globulin values both absolute and rclaave were elevated 
in monoc)'tic leukemia reticulum cell sarcoma and infectious mononucleosis Chronic lymphatic leu 
kcmia demonstrated low relative and absolute gamma globulin values A markedly lowered albnmio 
globulin ratio app-ars related to the degree of infiltration of the bone marrow by leukemic cells as well 
as v\ hen th* excretory and metabolic functions of the liver demonstrate impainn nt No alteration in the 
scrum protein architecture was noted following Stilbamidinc therapy 

G^C 

The Interjlelationshtp of Hodgkin s Disease and Other Lt^rPHATic Tumors R P Custtr tnd W G 
Btmhard From the Army Imtitutc of Pathology Washmgton D C and the Laboratories of the 
Presbyrertan Hospital m Philadclphu Pcnnsylvanja Am J M. Sc 116 615-^41 1948 
During the last war the authors were assigned to the Anny Institute of Pathology to render a report 
on all lymphatic and hemopoietic tissue submitted The present paper is a summary of a pathologic study 
involving 1300 lymphatic tumors including 700 of HodgLm s marenaJ and 600 cases of lymphomas 
(follicular lymphoblastoma lymphosarcoma reticulum sarcoma lymphaac leukemia, monocytic 
leukemia) apart from Hodgkin s disease The authors conclude that a rigid subclassification of lymphatic 
tumors IS artificial and confusmg In their matcnal there was a stnking fluidity in histologic pattern 
with transitions and combinations that could best be mtcrpccted as indicating a single neoplasuc enuty 

having a number of variants As they state this is not surpnsing when one appreciates that all cellalar 

componenrs of lymphatic tissue arc derived from the same mesenchymal stem cells 

A virtually complete alteration m the histologic pattern of the tumor m the Hodgkin s group 
noted m 39 per cent of the 138 autopsicd cases in which biopsies were available and in 31 cent 0 c 
serial biopsy group Pure tumor types were present m only 19 per cent of the autop^ group and in 13 
cent of the serial biopsy group The vanct)' of histologic appearances observed in different oa 
same individual, and even in several areas in the same node was suU more spectacular ^ 

eighty four of 700 cases presented these combined lesions Lymphomas not grouped with Hodg * 

alio exhibited an alteration of their histologic scructuiT m much the same fashion r F C. 


BONE MARROW AND RETICULOENDOTHELIAL SYSTEM 

The Occoeeence op Epitheuoid Cell Gbanoloiuj in Homan Bone Maieow H 

University Institute of Lcgil Medicine Copenhagen Acta med Scindinav app i 


1048 Studia m Honorem Einar Meulcngracht . , 

Histologic sccuons of sternal aspirates showed typeal granulomas in lo o 39 F 
sarcoid in 5 of 5 patients with mihiiy tubcrcnlosis and in 15 of li paaents wi ^ 


iHMATOtOOtCAL ANO HwrONXIlCAL SpOOT OPTHE BoNE 

Doa P £ Oahtr F™” ^ aiS 645-<55 ■ 9 fS 

:ster School of Medicine and D ntistty Rochester New Tori. Am J 
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This IS probabl) the most cxtcnsi\*c stud) of the p-nphcral blood and bone marrou of the normal 
dog which has as )'et b^n published and has promise of ser\ mg as the standard reference of this subject 
for some time to com- It 1$ regrettable however that volume of packed red cell m-asurera-nts were 
not done and ^'alu-s for the red cell indices calculated Ana!)'sis of the peripheral blood of 91 normal dogs 
IS presented including differential vhitc cell counts Done marrow differential counts from the ribs 
femora tibiae and humeri arc presented, compared and anal)’2cd statistical!) Done marrow total nu 
cleated cell counts arc gi\*cn for one or more sites from 4 different bones Rib bone marrow has been 
studied at 1, 3 4 5 and 8 hours after death and no significant alterations m degree of cellularity and ccllu 
lar detail was found Histologic studies arc also included 

GEC 

EiPEamENTAL Observatiovs on TnB Structure or the Bone Marross A Nrzef From the Univcrsitc 
de Liigc Institut dc Clinique ct dc Policliniquc M^icalcs Quart J Exper Ph)Siol )4 43-46,1947 
This work was undertaken to determine whether rip- erythrocytes were stored m the bone marrow 
Dog A was injected with 30 rag of phenylhydraainc p-r Kg of body xvcight which produces Hcina $ 
granules in a large percentage of the dog $ cry throe) tes After allowing time for all phcnylhydrazinc to be 
eliminated the circulaaon of dog A is crossed with another dog, dog B In this way the labelled crythro 
cytes were introduced into dog B This crossed circulation was maintained from thirty minutes to one 
hour By means of this technic the author found that no ripe erythrocytes were stored in the bone marrow 
and concluded that all red cells achieve their np-ning m the circulating blood 

RCC 

An Appucation op Bone Marrow Cultures to Tohcoloot and Therapeutics K Harrtsfn and F W 
F^ndcll From the Chemical Defence Experimental Sution Porton, near Salisbury Quart J Exper 
Physiol 34 141-148, 1948 

The author points out chat the intact animal 1$ not always the best thing to use in the study of toxi 
cology He describes a method of usmg tissue cultures of bone marrow for the study of the toxic actions 
of drugs 

RCC 

Are Non Nucleated Erythrocytes Formed by Budding oft of Cytoplasm from Normoblasts^ L*sa 
B^stnm From Central Qtnical Laboratory of Sddcrsjukhusct Stockholm Acta med Scandinav i)i 
303 1948 

The still xmsolved problem of the dcoucleation of red blood cells or the separation of cytoplasm from 
erythroblasts in the marrow is discussed A large number of morphologic observations that seem to 
indicate that the hypothesis of protoplasmauc budding may be correct arc presented Also the bone 
niarrow cultures by Plum arc regarded as proof that this cxplanauon should be accepted The prcs-ncc of 
norip- reticulocytes wuth a structure possibly mdicattng a scar from the stalk after the buddmg 15 also 
interpreted in the same way The paper should be read in the ongmal by all those who arc interested in 
problem of erythrocyte formation 

JW 

The HirrooENESis AND Diagnosis OF THE Osseous Type OF Gaucher 5 Disease lA. Block and L, 0 Jacobson 
Prom the department of Medicine Unis’crsity of Chicago Chicago Illinois Acta hacmatologica / 
*^5-177 1948 

The diagnosis of Gaucher s disease depends upon the demonstration of the glucose containing cere 
brosidc or of the charactcnstic Gaucher cell The disease can be diagnos-d before the appearance of 
btpaiomcgaly or splcnoracgal) 

The study of prop-rl) prepared sections of the bone marrow is a more certain m-thod of diagnosis than 
jjhc stud) of sternal puncture smears Gaucher s disease is not a disease of the rcciculo-cndothclial s) stem 
nc reticular cells osteoblasts osteoclasts and fibroblast like spindle cells of bone and marrow are the 
Wurcc of the Gaucher cell The Gaucher cell is morphologicall) distinct from the cells found in the other 
storage diseases EMdcncc is offered that red cells in the marrow in Gaucher s dis-ase arc pres-nt 
outside of what 1$ ordmanl) conceived to be blood vessels 


CM 
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RmcDU) Emxmuosu Paiudica. (Malawai. RrnaJiA>-ENiioTHEUoni) C M^ht^ Mujiu Mcdiani 
(Rcvuta Mcxicana) j! ^17, 454 433 481 1348 

The paper begin j with an anatomic detcnpnon 0/ the reticnJo-cndothelial tyjtem (itjoe 363). followed 
by a dittoKion of its phytiolog) in relation mth maJanal fever (issue 566) and of its pathology'in vanoos 
infectious diseases (issue 567) Most of the photomicrographs have been taken from the coUecnon of 
Dr Soberon y Panra The endo- and exoetythrocyoc cycle of the plasmodium is stressed the latter takmg 
place in the reticuloendothelial cells where they remain in a latent state This localmuon of the 
plasmodium which appears to be most important, explains the therapeutic feilnrcs of most antunalanil 
dmgs She behevcs that the anemia of malarial fever is not only due to the destruction of the erythrocytes 
in the peripheral blood but also to a block and degeneration of the hematopoicuc organs For the study 
of malarial reoculoendotheliosis the recommends the methods of Henry and Soberon 

RiLS 


HYPERSPLENISM 

SpLBNrcioirT nr thb RmcniosES L, J Wins From the Radcliffe lofinnaty, Oxford England Acta 
med Scandinav Suppl aij, 33a-jfi4 1948 Studia in Honorem EinirMcnlengracht 
The indications for splenectomy in 6 paaents with tcticnloscs ate discussed In a patients the spleen 
was removed in order to alleviate pressure symptoms, in 1 for leukopenia, in i for thrombocytopenis 
The effect was favorable in 3 In one patient a diagnosuc splenectomy had no fevorable effect. 

JW 

Mtimosccnaosis A Case with Non mthloid Sflenosieoaly and an Attesht at FnrniNO our Tin 
Pathooenesu bt Means or Covipaiuson with Results or AraMAt Exeeeimbnti H C £*ifU Ffom 
the Medical Department of the Fredenksbotg County Hospital, Denmark Acta med ScandinsT 
ray 371 1947 

Splenomegaly and myelosclerosis were present in this patient and the antbor regards the changes in 
the spleen as nonlenk-emic Splenectomy was performed at an early suge on the assumpnon that there 
was present a splenogenic inhibition of the marrow The cotrectness ti this explananoo may be ques- 
tioned but there was definitely an increase in leukocytes after operauon hater the patient died snth 
anemia and thrombocytopenia but no leukopenia The bone marrow showed mereased fibrosis and the 
diagnosis was myelosclerosis No extramedullary hemopoiesis was found ^ 


Splenic NEtmto-THaostHOPENiA J Btcbtl From the Roentgen dime of the Aarhus Municipal Hospita 
and the Radium Center for Jutland, Aarhus Denmark. Acu med Scandinav Suppl 113 74 "®' 
1948 Studia in Honorem Einar Menlengracht 

The history of a mao xy years old, who had suffered smee childhood from rccuitentstomaotis angina 
and profuse nosebleeds is given There was no anemia but the leukocytes decreased from 3,c«>in Jsnm^ 
1943 to 760 in February 1945 Platelets low No signs of myeloblastosis m the bone P j 

tomy gave prompt objective and subjective cure Observation tune two years The panent 1 
typical symptoms of acute leukemia clinically The posiibihty of a connecticin between the two 1 
u pointed out. j \i,r 


HTVBaSPtENISM SoUEPEELIHlNAaTOESEaVATIONS W ^ S 

totyofthej H Pratt Diagnosuc Hospital, Boston uj ,06-115. 

Tufts College Medical School Boston, Massachusetts Acta med Scandina opF 

1948 Studia in Honorem Emar Menlengracht .lloitranvc case Inl- 

ine paper gives an essence of Dameshek s ideas about byperiplemsm with 

tones ihowTog the importance of splenectomy j V 
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BLOOD VOLUME 

DrmanNATTOs or OncuLATiso Rxd Blood Cell VoLUitE V. mi Radioactive Phosphorus R T Nesset, 
B Pcrter^ \V V Trat/tman^ Jr K A1 Bf//, IV Parson C Lyons, and H S fAajtrson From the Labon 
tory of Bioph) sics Departments of Medicine, Surgery , and Physiolog) Tulane University School of 
Mcdicmc and the Alton Ochsner Medical Foundation, New Orleans Louisiana Am J Ph)siol /// 
116-131, 1948 

The authors have presented a method for determining total circulating red blood cell volume by an 
isotope diluting technic using radioactnT phosphorus The authors pomt out that the subject to be 
studied 15 utilized for the labeling, that the counting is easy that determinauons can be repeated, and 
that the rapid uptake and slow release of radtoacusx phosphorus by exposed red cells faciliutes wide 
experimental application Details of the method are too complex to put in abstract fortm 

RCC 

Comparison or Results ot Measurements of Red Blood Cell Volume bt Direct and Indirect Technics 
H S Mayerson C Lyons, W Parson, R T Nsesft and V Troutman, Jr From the Departments of 
Physiology Surgery, and Medicine and the Laboratory of Biophysics Tolane Umscrsity School of 
Medicine, and the Alton Ochsner Medical Foundation New Orleans, Louisuna Am J Physiol 
^SS a3L-3.38, 19^8 

The object of this experiment was to compare the results obumed with the dye method for deter- 
tuning red cell volume with the method utihzmg radioaccisx phosphorus (Am J Physiol /// il6-l 31 
^948) Concomitant measurements of red cell mass and plasma volume vrtre made with the P 3 l technic 
«d the T 18x4 method on 10 normal and 33 hospitalized patients A standard correction factor of o 913 
^as used to correct the hcmatocnc values for trapped plasma Toul blood volumes vrerc calculated 
ffom the red cell volume and hematocrit and from the plasma volume and hematocrit These \ alucs were 
compared with the total blood volome as calculated from the sum of the actually determined red cell and 
plasma volumes and showed sausfraory agreement The dau show that the plasma-dye hcmatocnc 
oiethod IS valid provided the corrected hcmatocnc value is used 

R.CC 

Measurement of Orculatino Red-Cell Volume with Methemoolobin taqoed Cells J C Moort 
0 W SbadU and H C Lawson From the Department of Physiology, University of Louisville School 
of Medicine, Louisville Kentucky Am J Physiol r/y 3ia-“3X9 1948 

Circulating red cell volumes were determined on splcncctomircd barbitalized dogs by means of the 
^vcntional dye method and also by injecting a suspension of red cells containing large amounts of 
mcthcmoglobm The latter method always gave values that were lower than by the dye method even 
^tcr corrections were made for the injected material 

R.CC 

Uxiceminatjon op Blood Volume in Doo bt Means of Visuallt Labelled Erythrocttes A Nr^et 
From the Insutut dc Qiniqoc ct dc Policliniqoc M^dicalcs Univcrsit£ dc Liigc Quart J Exper 
Physiol J4. 1x3-118 1948 

This study was undertaken to dctcmunc blood volume by means of labelling erythrocytes with Heinz 
K^anulcs by injections of phcnylhydrazinc A known volume of labelled blood was injected intra\’cnoasly 
into a dog and a blood sample removed five to forty minutes after the injection By using a formula which 
given the blood volume can be determined by counnng the erythrocytes containing granules The 
average circulating blood volume svas found to be 66 cc per Kg of body wright 

R,CC 

Eftect o? THE Administration OF Adrenaun ON the CiRCxmATivo Red Cell Volume XV Parson H S 
^^trson C Lyons B Porter and \V V Trantman Jr From the Departments of Phjsiolog) Surgery 
and Medicine Tulane Univcrsit) School of Medicine and the Alton Ochsner Medical Foundation 
New Orleans Louisiana Am J /// X39-X41 1948 
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T “ ‘ of ^ •>'“of “II. m the spleen 

which un be util.ttd b) the bod> in cn«:s oSemergney Three normn} edelu one petient with tb^ 

toid nrthnus ind one patient wnth hemolytic anemia were studied After prelnmnary stndies hid de- 
termined the normal plasma and red cell volumes (by the dye and radioactive phosphorus methods) 
norma perijdieral and body hematocrit, and protein level each person was rejected with i mg of 
adrenalin One man who expected adrenalin was givmn saline This amount of adrenohn did not result 
in anj signihcant chuiges in the plasma or red cell volumes The authors conclude that if sympathetic 
stimulation or adrenaline influence these fiinctions the effect must be very slight and of no teal sigmfi 
cance zs an emergency response 

R.CC 


BLOOD COAGULATION AND HEMOREAGIC DISEASES 

The HrrecT or NrraooErr Mustaed and X IiuiADiAnoN on Blood Coaodlation L. 0 jtetism E K 
Eiarks E GMSten J O Alien nnd Af H Black From the Biology Division of the Argonne Nanonol 
I-aboratoiy and the Department of Medicme, University of Chicago Chicago lUreois J lab A 
Clin ^led sj 1566-1578 1948 

The administration of 3 or 4 rag of nitrogen mustard per Lilogram of body weight to rabbits pt)- 
duced a prolongation of the clotting tunc The same syndrome was prodooed in human beings after 
therapeutic doses of this drug The amount of prota min e necessary to produce cJottiog in the hepann 
tolerance test was increased and the prolonged clotting nmr and decreased heparm tolerance were 
rc\'crsib]c ^ith annhepann substances The values /or caJcium prothrombin and hbrinogcn were normal 
The platelets ^verc reduced but proloogaaon of the dotting time took place poor to a tigmficant redoc 
tion in platelets The authors conclude that the anucoagalant present in the blood is probably hepann 
or a hepann like substance 

GX.C 


QuANTtTATTVB STUDIES ON THE COMPARATIVE ACTlVlTT Of CaLCTUM AND CeZ^OCAIXT RzLATZD IoVS OV 
THE Coagulation of Blood M Sttf^ntm mid A J QMtci, From the Department of Biochemistry 
Marquette University School of Medicine Milwaukee Wisconsin Am I Physiol r/a. 389-396, 
1948 

Studies were made on the blood of man dogs and rabbits All calcium was removed from blood hj 
treatment with Amberlicc IR 100 The blood was then treated with varying concentrations of calaum 
banum strontium and magnesium to test the effects on coagulation The optimal amount of calaom 
for coagulation was found to be the same as is found in blood normally All the above roaiuoned elements 
have an inhibitory xction on coagulation when increased above the optimal level 


Platelet Eitslacts Fibrin Formation and Interaction of Purified P«otheombin and TaaouBO- 
plastin a G Wmt J H Fshtj and W H Setters From the Department of Physiology, Wapne Uni 
vcrsity College of Medicine Detroit Michigan Am J Physiol iS 4 - 

The object of this experiment was to detenmne the exact role of the platelets in Wood coa^ a non 
This study was aided by the availability of purified prepanuons of a number of the 

■which participate in dotting rcacuons Bovine platelet extracts contain an accclcraroro pro ro 10^^ 

uvation and only a small amount of thrombopUstin This accelerator is m an acuve orm an 
similar manner to scram Ac globulin Ic is apparently a protein Bovine j e' 

which hastens the second stage of clotting The authors posmlatc that jJateleoai re 

uon of thrombin bycatolynng the interaction of prothrombin and ^ which acts » 

then laivitcs the reert plasma Ac globulin to its active counterpart scram Ac g 

the principal accelerator of the first stage of dotting g 


HBaEDiTAaY Haqioxiuiaoic Thleanoiectasia and its Relatiovs to 
MATIONS H M Cebn London WF E Keriaikcl Leicester Aaa 


OTBEalvMaNVASaiLA. M^oi 

hRcniatologica / 81-91 ^^4 
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A report of t^o eases of multiple hereditary rclangieetascs with recurrent hemorrhages (Rendu 
Osier) IS presented and compared with other eases of external and internal types of this condition with 
speaal regard to multiple telangiectases of the ncr\ous system and other inborn vascular malformations 
In the first case the dc\clopraentaI error was not restricted to the structure of the telangiectatic mal 
formations but extended besides to a degeneration of the collagenous and clastic tissue of the skin outside 
the telangiectases 

The second ease offered the rare combination with a I’cnous hemangioma of the spinal cord, causing 
the symptoms and signs of a cauda-conus tumor This coioadencc speaks in favor of some relationship 
between both inborn vascular lesions indicauog a common congenital disorder of the vascular system 
The genetic connections berween inborn vascular lesions of the skin and the nervous system arc dis 
cussed 

CM 

TnioiraocTTHEsnA Hemorrhagica OU Mortaiscn From the Department of Medicine Kolding Sygehus 
Denmark Acta med Scandina\ rap 547 1948 

The occurrence of chronic bleeding (nose, stomach and post traumauc) in spite of very high platelet 
counts (3-6 million) is illustrated by a ease history of a man of 60 who had previously suffered from 
polycythemia The erythrocyte values were exactly 5 million at the time of mvcstigation but the leuko- 
cyte count was high (max 50 000) The syndrome is regarded as a malignant hypcrfimction of the bone 
marrow of the same type as my*cIoid leukemia and polycythemia 

Obviously, the connection with polycythemia is quite intimate A similar ease 1$ published by J E 
Holst, Acta Mcdica Scandioavica i)o 507, 1948 

JW 

Thxee Cases op Polycyt he mia with Fibrinopbnia S E Bjorkman From the Medical Qimc of 
Akadcmiska Sjukhoset, Upsale Svreden Acta Med Scandinav rap 471 1948 
The author describes 3 cases of polycychcmia with a bleeding tendency Two of these eases 
platclcc-counts around 500,000 (normal value with the technic used 300 oco) They also had low 
fibrinogen values but other polycythcmics showed normal or increased fibrinogen values in spite of bleed 
A closer analysis of this symptom seems desirable 

JW 


NEWS AND VIEWS 


JOSfi ORIA 

TN JULY 1948, Dr Jos6 Ona, leading hematologist of Brazil and one of the 
A. Contributing Editors to this journal from Latin America, died in Sao Paulo, 
victim of a rare neoplasm He was 43 years old and at the height of his professional 
career 

In Brazil, particularly in Sao Paulo, we owe a great debt of gratitude to those 
European ph)sicians who, in response to the plea from the government of Brazil, 
came to the country and helped raise the standards of medical education However, 
Jn the field of hematology there were no preceptors and Jose Ona had to start 
complctcl) on his own resources He graduated from the Facultj of Mediane of 



Sao Paulo in 1518. which was only fifteen years after the founding of the medical 
school He was introduced to the study of morphology by the late Professor Bovero, 
an Italian disciple of Waldeyer, who organized the anatomy department of the 
medical school in Sao Paulo Dr Ona profited from the teachings of the Italian 
Hematologic School and in the twenty years that he worked and investigated, he 
contributed much to the advance of hematology in Brazil In the last five years of 
his life he gave great impetus to cytochemistry and cellular cnzymology He 
founded the basis of modem cytology in the medical school of Sao Paulo While 
organizing his department and arranging for ongmal research he developed the 
fatal malignant disease which caused fais death before the culmination of his care- 
fully laid plans 

All scientific workers, especially physicians interested in morphology and 
hematology, deeply regret the loss of the man who was considered a comer 
stone of saentific thought in Sao Paulo He had a bnlhant, lucid and artistic 
mind and was endowed with keen powers of observation He had the qualities 
of a patient and curious investigator, and was always bringing out cytologic 
details to the untrained eye of the student He loved teaching in the objcrtive 
way, side by side with his smdents His comments often gave a nch view of the 
background and biologic significance of a simple slide 

Any one who ever knew Jos6 Ona has felt the loss of a fnend, adviser and master 

Michel Jascra 
Hospital das Climcas 
Sao Paulo, Brazil 


Congress or the SoaETE Intbrnationalb Eoropeenne d Hematolooie 

This year s Congress of the Society (founded 1547) will uke place at Montreui, 
Switzerland on September 15-17, 1949 The Chairman will be Prof Chcvalher 
(Pans), Prof Lambin (Louvain) and Prof Di Gugliclmo (Naples) 

The principal subjects to be discussed are (i) Hemolytic anemias (main report 
Prof Heilmeyer) (a.) Substances with inhibitory effects on mitosis and cytostatic 
action (main report Prof Haddow, London, and Prof Dustin, Brussels) 

The time limit will be 10 minutes for short reports and 5 minutes for discussions 
These are to be given cither in French, German or English 

Members of the International Society of Hematology arc cordially invite or 
pamcipation at this Congress Announcements for participation in the 
Congress arc to be sent as soon as convenient to the Secretary of the 
S Mocschlin, Mcdizinische Univcrsitatsklinik, Zunch, Switzcrlan 
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Htmiljsu tnd KelareJ Thtnomtna By Ewe Pondc* Ncu York, Gruoc & Stratton 1548 $10 398 

Pages 69 Illustrations 

This book s%t 11 be %%clcomcd b> new readers as well as by the many who arc familiar with the author s 
1934 monograph The Mammalian Red Cell and the Properties of Hemolytic Systems of which the 
present \olurae is distinctl) more than an expansion and modernization Although as the author states, 
he has been taxed with ulking of the red cell as a microcosm the range of his discussion from general 
physiology and bioph>sics to the problems of hemolytic anemias in roan )usti6es his point of view 
particularly as he speaks from a direct and mature cxpcnence with many of the problems The book 
IS divided into seven chapters and contains four appendices and an up-to-date set of references as well 
as information derived from unpublished expenmeotal work of colleagues Those who, like the re- 
viewer are sufficiently illiterate m the language of quantity as not to read the calculus without a dic- 
aonary will have difficulty with some of the mathematical presentauons, although this is mitigated 
considerably by the numerous graphic representations The reason for the extensive use of footnotes 
1$ obscure, but these thtter dtcla are richly rewarding 

The first chapter is valuable in onenting the reader to the basic questions to be discussed and their 
order of presentation The next two chapters of the book are concerned with shape changes of the red 
cells occurring without and with volume changes, respectively The first set of arcumstanccs permits 
simplification of the consideration of methods of measurement of the dimensions of the red cell In the 
*iext chapter the disclosure that shape changes may be accompanied by volume changes as well raises 
chc often debated question of whether the red cell is a baglikc structure contaimog hemoglobin and other 
substances in solution or whether it has an internal structure with onentauon of the molecules, as the 
iothor s discussion makes clear, is manifestly the ease for the envelope The arguments for both types 
of structure arc well set forth and the importance of recognizing that spheroidicity of the red cells 
be the result of a variety of processes is made clear 
The fifth chapter discusses extensively the kinetics of hemolysis as observed in the test cube not 
only from a quanuutivc point of view but also qualitatively with respect to the prolyuc changes in 
the red cell and their implicanons concerning structure In the next chapter, inhibition and acceleration 
of hcmolyiis arc discussed Because of the evidence that imraonologic mcchaniims arc concerned in 
*omc of the clinical forms of red cell destruction the reader may well wnh that more space had been 
<lcvotcd to amboceptor-complement systems 

The final chapter should be of particular interest to readers of Bloed because of the description of the 
nature of hcmolyac processes involved in disease states Interest by students of human disease in the 
mechanisms of red cell destrucuon is a relatively recent development their preoccupation hcrc- 
n^forc being with clinical classificauon and estimation of the magnitude of the hemolytic process through 
studies of pigment metabolism If the discussion id this chapter is less definitive than that in others, 

Jt is mainly because the difficulties inherent in the conduct of observations upon human material have 
observers to diverse conclusions Moreover hcmolyuc phenomena in cxpcnmcntal animals and in 
Vitro have not yet been subjected to sufficiently critical analysis to establish their rclauonship to the 
of disease The material presented in Dr Ponder s book will serve to emphasize this fact to 
^ical investigators and will bnng together m useful form information of value to those concerned 
'^ith more fundamental problems rclacinE to the red cell and to the structure of cell membranes in 
general ^ * 

W B Castle 


^^iinsfBsuns By Elmer L DeGowin Rodert C. Hardin and John B Alsevir Philadelphia and 
don W B Saunders Compan) 1949 pp 587 

, ^ ^ he nothing but praise for this bwk It fulfills an immediate need it is wntten simply it is 

lelcd 'A”* description and pictunng of the methods used in blood grouping technic arc unparal- 

hc work is furthermore a triumph of artistic book making not the least of which is due to a series 
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of 100 rcnurkiblc line drawings illustrative of the technic used Evciything connected with transfusions 
IS presented through the combined efforts of three authors and an artist and everyone concerned must be 
congratulated on hating pnt out this outstanding addition to the literature of modem therapeutic 
methods and blood grouping phenomena 

William Davczxhzc 

Expermtntal ImrmmKbemistrj B> Elvin A Kabat and Manttied M Mate* SpnngficM III C. C 
Thomas, Pa^ 567 

This cxccllcni bool, fills a real need hy bnngmg logctbcr for the first time the many technics of physics 
and chemistrj which arc used and useful in the field of immunology The authors describe these proa 
durcs clearly Those most easily available and commonly employed such as the complement fiiiuoti 
reactions, arc covered in careful detail with wise cnumcrauon of tcchtucal pitfalls to be avoided The 
more difficult or speaaliicd methods such a* electrophoretic analysis, arc dealt with less folly though 
no less luadlj the intcnaon m such cases being to familianic the umnuoochcmist with the pnnapics 
involved and to enable him to evaluate critically the dau which appear m the literature In each 
instance, not only 1$ a technic desenbed but the theory underlying it is presented and Inmuuons arc 
pointed out as baclkgroond for incerprctacion of results 

In their preface the authors describe the arrangement of the booh Parts 1 and H contam a detailed 
treatment of immunological and immunochemical methods and their application with emphasis on the 
evaluation of results by the qoantiutivc methods In Part HI arc described a variety of chemical and 
physical methods and spcaal procedures frequently used by the immunochemist Part IV includes 
details for preparing a vanccy of substances of importance in immunochemical work The only regret 
uble omission is that dealing with the use of lon-cachangc resins m the fracnoaaoon of plasma proteins 
so recently described as to preclude its prescoution here 

If one IS to carp at anydung it most be the illostraaons The halftone reproductions arc at tunes doll 
and somewhat smudged Some of the line drawings have been reduced so much as to mais their lettcnng 
illegible But this slight flaw cannot detract from the value of the work as a whole 

The field of immunology has enjoyed many fruitful years m which great progress has been made It 
should be rcaliicd howcvxr that agglutinin hcmolysm complement etc arc relatively vague 
and poorly defined cnuucs which need the technic of immanochcnustry for their more exact dcfininoQ 
It 15 certainly along chemical Imcs that future immunologic advance will be made Thus this book must 
come as a most welcome tool to the immunologist and hematologic invesugator 

WnuLiAM CaosBT Major M C U.S A 
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CHRONIC CONGENITAL AREGENBRATIVE ANEiDA 


the feature of chronic progressive anemia and correJated with it a faiiurc of en thro- 
poicsis without an equivalent depression of the white blood cells or platelets 
Although hypoplastic anemia implies a less severe course and occasionally a more 
hopeful outcome than aplastic anemia, the term has, nevertheless, been applied in 
recent years to intermediate conditions in which the three blood element of the 
bone marrow are involved in variable degree Reports of cases of hjpoplasnc 
anemia now range from those limited to a failure of red cell production* to those 
in which leukocytes and platelets arc simultaneously depressed but to a lesser 
4 degree than the red cells In many of the earlier reports of congenital hypoplastic 
anemia, descriptions of the bone marrow’ revealed a marked reduction in the 
number of nucleated red cells as well as an increase in the number of primitive cells 
or hematogones and of eosinophilic leukocytes Estren and Dameshek* have 
recently described as hypoplastic anemia, familial cases with generahzed quantita 
tive hypoplasia of all the elements in the bone marrow with the nucleated red cells 
in normal or elevated percentages In one of their cases of severe anemia with an 
increased number of reticulocytes and thrombocytopenia, splenectomy resulted in 
moderate clinical and hematologic improvement 
The elucidation of the factors responsible for the causation of the variety of blood 
disorders now included in the general category of the aplastic-hypoplastic type of 
anemia will be facilitated by segregating those cases which possess similar clinical 
and hematologic features One group that lends itself for separate consideration 
concerns those instances in which the failure of hematopoiesis is restricted entirely 
to the erythrocytes without impairment of leukocytes or platelet production 
This condition involving solely red cell production has been designated as chronic 
congenital aregenerative anemia by Vogel, Erf and Rosenthal,’ but a mote desenp- 
tivc term is that of pure red-cell anemia, employed by Lcschcr and Hubble*’ 
who contnbuted 3 cases of their own This unusual feature, m which a single 
cell type is depressed, constitutes the cardinal feature of this hematologic cntitj, 
and IS illustrated by the following case history 


Report of Case 

A K 1 white male infant, was born three weeks prematurely on December 18 1^6 The infant wai 
firstborn The delivery was normal and the infant was weJl for four riays At this time jaundice appa^ 
which deepened and did not finally disappear nntil the third to the fourth week. At 8 days the bl 
count was 78 per cent hemoglobin with 3 7 M. red blood tells and the next day the ralucs were shglidj" 

lower No study of the blood factors was undertaken and no transfusion was given On March i i ^7 ** 

approximately t months of age the baby developed an upper respiratory infection wiih a mucopum cm 
discharge The child was admitted to a local hospital where a blood count revealed a hemog 0 mo 15 
per cent and a red count of i 3 M. per cu mm One transfiision of iij cc of blood was given, an 

""■uS.'S’ZLi .ta ci„ld,« . .m. N.. 

of a progressive aneima . . „ .nd in no diinesi There »i' 

PfysfcalExammal.f^ The infant was well developed mid well nom^ 
no jaundice the heart and lungs were norm J ’^e spleen ^ bver P P 

mJgin There were no peteehiae or other manfibsuoons “f ^ almoglobm of? 5 grams 

TTie blood count on^s.on (tabk r) r^ ^ 

per 100 cc RBC 3 5 M The white cells numbered 13 000 per co m 5 



CARL H S^^T^ 


699 


poljrmorphonndcar Icul-ocytcs 68 per cent IjTnphoc)*tcs jpcrccntmonoQCCsand^pcrccnccosinophilcs 
On March 13 the hemoglobin was 8 9 grams per 100 cubic centimeters, the \ olumc o( packed red cells \s as 


Table 1 — Represtniatite Bleed Cennls tn Case A 


Ditc 

Hemo- 

globin 

content 

Red 

celts 

Packed 
red 
celh 
volume 
per cent 

White 
cells per 
cu mm 

Neu 

Uo- 

philes 

1 

1 

LjTn 

pho- 

c>tes 

Mono- 1 
cjtes 1 

Eoslno- 

philes 

Platelets 

Rcticu 

locytes 


1947 



Gm 

per 100 

milnens 

per 



' 1 
l^er cent percent 

per cent 

per cent 

m mm 

per cent 


ec 

cv mm 









March 8 

9 5 

3.300 


13,000 

13 

£8 

3 

4 



March 13 

8 9 








X^OjOOO 

0 X 

April 4 

8 5 

1,910 

l6 








Mly 3 

8 0 

3.300 


8,500 

31 

64 

i£ 

0 



jnne X 

8 0 

i,6oo 

1 

16,800 

16 

£8 

£ 

0 



July 3 

7 5 

3.100 


9.500 

48 

47 

1 

0 

ig£,ooo 


October 8 

zo 0 

3.040 

z8 

15,400 

37 

37 

4 

2 . 

0 

November 17 

8 5 

1.300 


15,800 

47 

46 

7 

0 




1948 


April 9 

7 ° 

1.330 

16 

ifi.IOO 

17 

73 

7 

I 

Numer- 

ous 

0 

Mljr 13 

8 0 

1.730 

18 

9.100 

31 

££ 

X 

I 

Numer- 

ous 

0 


Table x.—HtmatoUgK Data tn Case (A K.) Sieiatn^ Perstsieni Depessten ef Bytbropemts tn the Cettrse 
#/ Cbrcntc Ccn^enttal Areiemrattve Anemia 


Bone marrow aspiration 

March 14 1947 

May 3 1947 

\ov 18 1947 

Total nucleated cell count per c.mm 

131.500 

143,000 

154,000 

Mcgtkiryocytes per c.mm. 

££ 

77 

77 

Myeloblasts 

0 

0 3 

3 0 

Mydocytes 

iJ- 3 

IZ 0 

19 5 

Metamyelocytes 

7 3 

5 0 

7 0 

Polymorphonuclcars non segmented 

3 ° 3 

17 0 

31 0 

segmented 

9 0 

li 0 

6 3 

Lymphocytes 

39 3 

44 0 

30 0 

Nodcitcd red cells 

I 0 

0 3 

0 

Hcmatogoncs 

0 

0 

I 3 

Monocytes 

0 

0 

I 3 


Blood groups Father, A Rh positive Mother, O Rh positive Infant A Rh posiuvc 



March 3 1947 

Aprfl? 1947 

Maternal anu A aggluamn atcr 

I 1 x 8,000 

I 640-1 1180 


M per cent the platelets numbered 190 000 per cubic milhinctcr the rcoculocyrcs were o 1. per cent the 
bleeding time was 3 minutes 35 seconds and the clotting tim e 3 minutes 

Gretp PactoTS The mother s group was O Rh positive and chat of the infant and father K, Rh 



Table 3 — Representsitft Bl$od Ccttjds tn Cast K. H 





Packed 


S 

- 







Hemo- 


red 

White 


.a 

0. 

2 

=: 




Date 

globln 

coo 

Red 

celli 

celU 

volume 

cetli 
per cu 

c. 

£ 


D 

0 

a 



Additional data 


tent 


per 

mm 

2 










cent 


2 

•J 


— 

1 
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Jfil 



j 







Cm 




per 

ptr 

per 

per 

per 



cc 




! ctnt 

ctnl 

cenl 

ctn\ 

cenS 




1RM 









October 16 

” 5 

0 

00 

f 4 


7.400 

6 x 

34 

X 

X 


65 OQclcitcd red cclh 









per 100 white 
blood cells 



October 17 

10 4 

x,7oo 


IX, 500 

71- 

XI 

X 

X 

3 

17 noclcitcd red cells 










per 100 white 
blood cells 


October aj 

9 7 

3,000 


7.400 

i-S 

74 

X 



I naclcitcd red cell 
per 100 white 









i 


blood cells 

November 4 

ZX 0 

3.400 








0 a% reticnlocytcs 

November 5 
November 8 

9 1 

a, 900 


18,950 

x8 

83 

i ■ 

5 

I 

1 mfelocytc 

0 1% rcacolocyies 

No^xmber 14 
November 16 

II 5 

3,600 


11.050 

1-9 

63 

3 

X 



December i 

8 3 










IXcember a 
December 4 

7 5 



10,800 

^5 

1 

68 

5 

X 



December 9 

IL 6 

3,600 









December a} 

15 9 


39 








1948 

February 3 

IX 0 


40 




1 




May 4 

13 5 


44 





— 


— ^ 


Tabiji 4 Dsts ,» C«, (K. H ) Si^.n^ Ta,^ Dcpr^^'" '/ " "* 


Bone TTi ar row UptrAtiOD 


Total nndeated cell count per cmm. 
Megakaryocyte* per c.mm. 
Myeloblait* 

Myelocyte* 

Metamyelocyte* 

Polymorphonucleit* non segmented 
segmented 
Lymphocytes 
Nndeated red cells 
Hematogones 


Not J 1 W 7 

Nov 16 IW 7 

145,000 

1-5.450 

zz 

XI 

1 5 

X 0 

16 0 

II- 5 

6 5 

4 5 

a3 0 

8 5 

9 5 

13 5 

16 0 

37 0 

7 0 

0 

19 5 

a4 0 


D «.4 W 7 


146,000 

u. 



Mother 
Infant 

Treatment^ transl^ons— total 555 cc- 


blood from Oct. r6 ^s^7 ^0 9^ 

700 













CARL H SMITH 


701 


positive The diDical course and hematologic features in the infant appeared to be similar to those of 
mildcrTthroblastosis fetalis perhaps caused in this insuncc by isoimmunization of anRh posimc type O 
mother by an A offspring Tests of the infant s salna showed him to belong to the nonsecretor type * 
The mother s ana A serum nter on March 3 1947 was i 12^ ooot and on April 7 it had dropped to a level 
of 1 640 to 1 laSo * At no time was anu A aggtuunm detected in the infant $ scrum and his red cells 
give a Dcgaavc Coombs test. In cases of this sort it is necessary to exclude the possibility that other rare 
fictors may be responsible for the isoimmunization However, anabodics in the mother s serum for the 
five Rh Hr anngens in bloods of type RhiRh could not be demonstrated * Consequently, the fact that the 
infant was of the nonsccrctor type constitutes strong support for the role of isoimraunirauon by the 
fictor A- 



Fio I — (Paaent A K-) Smear CX850) from sternal aspiraaon of November 18, 1947 Csec able i) 
ovTing polymorphonuclear leukocytes myelocytes, metamyelocytes, lymphocytes and hcmatogoncs 
otc absence of nucleated red blood cells 


hj Between March 8 1947 and November 17 1947, there were nine hospital admissions 

^ cich instance for acatment of progressive anemia Eighteen transfusions were given at first employing 
to which the Witcbsl^ A and B substances wer e added and later with compatible Type A Rh 
P^itive whole blood From December x6, 1947 unal the present blood has been given at intervals of 
*Pproiiniatcly 3 weeks in the Outpaacoc Transfusion Chmc at The New York Hospital Growth and 
have been normal m every respect and susccpabihcy to infccuon has not bcM increased There 
°° enUrgement of the liver spleen or lymph nodes 
^ 1 and 2. summarize the more significant blood serologic and bone marrow studies Early m the 


out by Dr Philip Lenne 
TTitnoonbyDr Harry Wallcrstcin 
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course the {wpherd blood tcnticd evidences of mieroCTtosis »nd smsocytosu. Uw the red blood ccUi 
TVOT aomocbromic end normocytic The h«n«ologic data eonfirmed the fiiinnr of eiythropoiesis mth 
out ini oiremeot of the granulocytes and platelets or their bone marrow prccurson. 

Discussion 


From the age of z months, when thorough hematologic studies were maiccd, 
until the present age of 17 months, examinauon of the peripheral blood and bone 
marrow have consistently shown chat the defect m hematopoiesis was confined 
to a failure of red cell formation This anemia, in which granulocyte and platelet 
formation arc unaltered, may be rightfully termed pure red cell anemia 
The only causative factor for the anemia that can be postulated in rhis case is 
the possibly m)unous effect upon fetal crythropoicsis of the anti-A agglutinin 
elaborated by the mother in an incompatible pregnancy The evidence for erythro- 
blastosis fetahs in this infant is based on the history of jaundice and anemia noted 
in the first week of life The relationship of erythroblastosis fetahs to scnsitizanoa 
by A and B agglutmogens in Rh positive mothers has been demonstrated by many 
observers^'"'* and its occurrence in this type of immunization m the firstborn has 
been pointed out by Wiener 

While the blood disorder at the onset of this patient s illness can probably be 
safely classified as erythroblastosis fetalis, the relationship of the anti-A agglunnin 
to depression of the erythropoietic centers and conanuance of the anemia regain: 
further cluadaaon In z cases observed by Wiener,** sensmzauon by the A B 
agglutinogens was assoaated with an arcgcncraavc anemia Recent snidies" 
-which relate structural defects at birth to disturbances in the fetus may possibly 
be extended to include fetal anomalies of blood formauon ongmatmg during 


critical periods of hematopoietic funcaon It is conceivable that crythropoicsis m 
the fetus may he impaired by prolonged reaction with an antibody m high utcr 
against its own red cells m the course of an incompatible pregnancy Levine*' 
pointed out that the A and B blood agglutinablc factors can be demonstrated in 
the fetus between the second and third month and suggested the possibiht) of 
early isoimmunization in the first months of fetal development It is possible, 
therefore, that prolonged exposure of the red blood cells and their precursors donog 
a vulnerable period of fetal life by the anti-A agglutmm may be responsible not 
only for the anenua at birth but for its persistence in the neonatal penod 

In the group of hcmolyuc anemias which includes erythroblastosis ct ^ 
examination almost uniformly reveals hyperplasia of the bone marrow octet 
has pomted out, however, that in some instances the bone marrow m eryt ^ 
sis IS either normal or hypoplasnc, and that the latter sutc may account or 
progression of the anemia Diamond” states that bone marrow ypop 
sututes almost a uniform complication of any severe hcmolj^c ^ niultipl: 

bom After the second or third week of life the infant, even 

transfusions, often develops a relativdy aplasac stage I* ® ^ jrop 

that Shapiro and Bassen“ have shown that in fuU-tenn 

occurs normally m the crythroid dements of the 

first week of life It would be expected, however, that cx p 
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stances, the increased hemol)sis characteristic of crj throblastosis should result in 
a h}'perplasia of nucleated red cells c\cn at one week of age In a scries of fatal 
cases of erythroblastosis occurring at The New York Hospital, the bone marrow 
was recorded as showing h) pcrplasia in each instance 
To test further the hypothesis that crj thropoicsis may become depressed in the 
course of cr) throblastosis fetalis, bone marrow aspiration was carried out in 
several instances of this disease during the period of protracted anemia Individual 
examinations have shown a decreased percentage of nucleated red cells in several 
cases, regardless of whether treatment consisted of subtotal blood replacement or 
multiple transfusion In one case in which successive bone marrow aspirations were 
obtained (K H , table 3), the mother was Rh negative and the infant Rh positive 
This patient was also firstborn and this circumstance could be explained by a senes 
of transfusions received by the mother before the birth of the child Tables 3 and 4 
demonstrate the temporary depression of erythropoiesis during the progress of the 
anemia in which nine transfusions of blood were required to maintain normal blood 
levels before recovery set in 

It appears, therefore, that the temporary failure of erythropoiesis occurring in 
erythroblastosis may conceivably be related to the exhausting effects of persistent 
hemolysis in this disease, or from the suppression of the erythropoietic centers in 
the bone marrow or in other fetal organs of blood formation by anti-A, anti-B, or 
anti-Rh agglutinins in susceptible individuals It is possible that in the case of 
chronic congenital aregenerativc anemia described in this paper the depression of 
erythropoiesis may have persisted from fetal life or from the penod immediately 
following the newborn period as illustrated in the case of K H It should be 
pointed out that the high anti-A agglutinin titer detected in the maternal serum 
mne weeks after the birth of the infant may be an exaggeration of the actual 
agglutinin titer that was operative during fetal life Boorman, Dodd, and Molli- 
son’* have shown the peak immune anti-A isoagglutinin titer produced in the 
maternal serum in response to stimulation by a group A or AB foetus, was not 
attained m the majority of cases unul ten to twenty days after delivery 
The hypothesis that a prolonged depression in red blood cell production may 
tcsult from an antibody specifically directed against the red cells in fetal life or 
during the early neonatal period and of a sufficient intensity to produce a chronic 
anemia extending into later infancy and childhood requires more extensive support 
It should be emphasized that the concept offered to explain the mechanism of the 
anemia m this case is not expected to provide a uniform explanation for the patho- 
genesis of all cases of this entity Although the circumstances noted in this patient 
be unique, they afford a basis for further investigation of the causation of this 
unusual blood dyscrasia 

SUMSLARY 

Chronic congenital aregenerativc anemia describes a pure red-cell anemia in 
which the failure of hematopoiesis is restricted entirclj to the crjthrocjtes with- 
out simultaneous impairment of leukocyte or platelet production The separation of 
'5 cntit) from the categor) of the increasing number of cases designated as 
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hypoplastic anemia will facilitate a more direct examination of the factors mvolved 
in Its pathogenesis 

In the case described in this paper illustrating this condition, the onset of the 
anemia dated to the newborn period with the clinical and hematologic features of 
a mild t}'pe of erythroblastosis fetalis The mother s blood group was 0 , Rh 
positive and that of the infant and father A, Rh positive The anu-A serum utcr m 
the mother reached a maximum of t ii8,ooo The infant was shown to be a non 
secretor The patient, now 17 months of age, requires repeated transfusions to 
maintain normal blood levels The hone marrow reveals a persistent depression of 
ery thropoiesis but the platelet and granulocjme levels are entirely unaffected 
It IS postulated that prolonged depression in red blood cell production may result 
from an antibodj directed solely against the red cells in fetal life or from the early 
neonatal penod This concept finds substannation m other cases of erythroblastosis 
in which temporary failure of erythropoiesis as confirmed by bone marrow studies 
IS reflected in a state of protracted anemia 
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MEDITERRANEAN ANEMIA IN THE NEGRO 
A Report of Four Cases and their Families 
By Steven O Schwartz, M D , and Jack Mason, M D 


F rom an ill-dcfincd symptom complex known as von Jaksch s anemia there 
emerged in 191.5 a disease entity to which the eponym Cooley s anemia has 
since been applied • In its classic form it is charactenzed by occurrence in people of 
Mediterranean ongin, a familial incidence, mongoloid fames, splenomegaly, 
characteristic bone changes and bone x-ray changes, severe anemia notable early 
in life, and the presence of crythroblasts in the penpheral blood Patients having 
Cooley s anemia usually die before the age of 12. * The condition has also been 
called erythroblasuc aneima, Mediterranean anemia and thalassemia, 
the last name apparently being quite ill chosen 
Dameshek,^ Wintrobc, Matthews, Pollack and Dobyns,’^ and Strauss, Daland 
and Fox“^ independently, and almost simultaneously, described a less severe form 
of anemia characterized principally by the presence of target cells, ovalocytes, 
poikilocytcs, hypochromic miaocytcs, and stippled red ccUs m the penpheral 
blood One of the most constant features of this condition is the mcreased resistance 
of the cells to lysis in hypotonic saline solutions Abnormalities of the red cells 
may be present even in the absence of anemia and not infrequently the red cell 
count IS higher than normal The bones may show evidences of osteoporosis with 
cortical thinmng Frequently some degree of splenomegaly and jaundice are 
present The names thalassemia minor, Mediterranean anemia, target cell 
anemia, and familial microcytic anemia have been given to this less severe form 
Originally it was felt that an important facet in the diagnosis of Mediterranean 
anemia was the racial ongm of the patient, smee the disease was thought to be 
limited to people of the Mediterranean basm Abandonment of this concept is 
compelled, however, by the increasing number of reports descnbmg the condition 
m individuals of other raaal groups One of Cooley s origmal seven’ cases 
mulatto child, but this case was later withdrawn by Cooley since the child s blood 
had an increased, instead of a decreased, hypotonic sahne fragility which began 
at 5 per cent and was complete at 35 per cent, the child lacked the mongoloi 
fames and improved on a good diet ’ Dameshek,’ m discussing the relationship 0 
Mediterranean target-oval cell syndromes to sickle cell syndromes, mentions a case 
of Cooley s anemia observed in a Negro child at the Mt Sinai Hospital 0 cw 
York Both hematologic and bone changes were present, and repeated examina 
tions of the blood for sickling were negative .. 

Lubitz” in 1945 described 9 cases of Cooley s anemia in which target ce 
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occurred in the absence of anemia The first of these was a 10 year old Negro 
admitted for mumps Red cell count was 5,080, cxxi and hemoglobin 14 o Gm 
Hemolysis began at o 38 per cent and was complete at o i8 pier cent NaCl solution 
When repeated, the range was o 32. pier cent to o 14 pier cent Blood films showed 
67 pet cent target cells with many variants, and but few normally appearing red 
cells, there was some anisocj tosis, moderate macrocy tosis and ovalocytosis The 
average red cell diameter was 7 4 micra, with the target cells distributing them- 
selves over the entire range of the Price-Jones curve There was no evidence of 
active or latent sickling The skull and long bones were roentgenologically normal 
Lubitz did not consider this a case of Mediterranean anemia because of the race, 
but felt that it was a related condition Stiles, Manlove and Dangerficld’° reported 
the case of a 2.3 year old Negro in whom an anemia was found during an admission 
for pmcumonia to an Army hospital Hemoglobin values varied between 8 75 and 
92. Gm , and erythrocytes between 4 65 and 5 33 million Occasional basophilic 
stippling, target and oval cells, anisocytosis, poikilocytosis, microcytosis, and 
bypochromia were present Red cell fragility ranged from 44 pier cent to 18 per 
cent salme solution, being incomplete at the latter figure, while the control ranged 
from 44 per ce^r ro 31 pier cent Urobilinogcnuna was present i 2J3 on three 
occasions The test for sickling was negative X-rays of the skull showed increased 
porosity of the parietal bones Blood iUms obtained from the sister showed amso- 


cytosis, some pioikilocytosis, hypochromia, and numerous target and oval cells 
patient is described as having a typical negroid appearance, but his sister 
and mother, who were also treated for anemia, were very light in color In explain- 
*“8 the patient s anemia the authors imply that one of the maternal great-grand 
parents was Italian, but offer no proof of this Faber and Roth'” describe a 6 year 
old Negro girl with anemia, splenomegaly and pienpheral blood changes com- 
patible with Cooley s anemia No siclding of the red cells was demonstrable 
"The bone changes, while not extreme, were of a character also compatible with 
the disease The only possible discrepancy was the erythrocyte fragility which was 
stated as begmning at 56 pier cent and complete at 35 pier cent, duplicating a normal 
control No other members of the family were found to have any blood dyscrasias 
Jhe father and brother were in the Oklahoma state hospital for the Negro Insane 
peculation by the authors as to the origin of the patient s disease has no factual 
*tipport The case cannot be accepted as one of Cooley s anemia on the basis of the 
evidence presented 

ft IS the purpose of this communication to report a scries of cases of typical 
'tcrrancan anemia in the Negro 


Report of Cases 

M. This 51 year old Negro railroad porter a bachelor was apparently in good health 
he when he was admitted to a hospital in Memphis Tennessee where he was told that 

d pneumonia heart trouble and a large spleen and User He connnned to have a cough with 
^ 'onal slight hemoptysis and chest pain aftCT being discharged from the hospital In Septemb-r 1946 
diu°'*^ dyspnea and swelling of his abdoro-n and legs this b-iog worst m the evening and 

the during the night A feeling of pressutc 10 the left upper quadrant was present since leaving 

pital in t Por ten or fifteen jears he had consumed an average of two quarts of wine and one to 
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two pints of whiskey a week There was no history of jaundice, gastro-intestmal hemorrhage tailim, 
or exposure to Jead He had been stabbed in the abdomen in igio and was operated at the timr. 

Physical findings on admission blood pressure 180/116, pulse iio respiration 10 temperature 55^ F 
rcctalJy Head typical negroid appearance with very dark skin Eyes sclerac muddy no definite jiim- 
dice, pupils round and equal react to light and accomodaaon Fundi grade II retinopathy Ears ook 
month, and throat essentially negative Neck some venons distention Lungs a few basal rales on both 
tides Heart enlarged to the left with the apex beat felt in the anterior asllaiy line in the sixth inter 
space no murmurs, 1 gallop rhythm noted when he was first seen Abdomen somewhat distended, 1 left 
rectus scar present Spleen firm lower tip 15 cm below the costal margin Liver firm and imooth edge 
three cm below the costal margin No palpable peripheral lymph nodes Multiple old healed ulcers 00 
the legs Normal reflexes Eectal examination was negative 


Taile 1 — SummgTj aj Idhtratory ^ndtn^s sn Csst i OTtJ relsitpts Mvadahlt for study Stat ctnsiitrslk 
dsficmltj VMS tmotmiered tn geiimg tin relMitPts h submit to studus obvious dtssrifancus urt frtstti rhah 

are designated hj question marks 



Patient Juhat 

J M 

(twin brother) 

E M 

(yoanfer brotber) 

A.M 

(sister) 

RBC 

5 1 (average) 

6 1.6 

5 39 

S 59 

Hgb 

71% (average) 

113% CO 

87% 

89% 

Hematoent 

40% 

43 % 

4 ^% 

40% 

WBC 

Nad RBC 

9,000 

I to x/ioo WBC 

6,550 

7 . 95 ° 

8,000 

Target celli 
Macrocytosis* 

90% or more 
Present 

Very many 

Approx. 50% 
Present 

Occasional 

Hypochromia 

Poildlocytoni 

H — 1 — h 

Present 

++ 

+ 

Present 


Amsocytosis 

+++ 

++ 

++ 


Reticulocyte* 

I to 5% 

1 1% 

Less than o 5% 

1 

0 

RBC fragility 

0 36% to 0 01% 

0 41.% to 0 10% 

0 55% to 0 14% 

0 46% too 15% 

Sei rate 

0 mm /hr 

1 0 rntm/hr 

8 mm./hr 

11 mm./br 

Sickliog 

Negative 

Negaave 

Negaave 

Negative 

Scrum bilirubin 

I 4 mg % 

6mg% 

4 “g % 

I 0 mg % 

Scrum iron 

Unne 

060 nucrograms 

055 nucrograms 

0L5 micrograms 

030 imcro|rinii 

Urobilinogen 

++ 

++ 

+ 

Trace 


* Macrocytes noted were large thin cells 

Question marks refer to qucstiooable findings which could not be rcchcckci 


Urine albumin ++, sugar negaave, specific gravity i 014 urobilinogen ++ 
counts see table I Total protein 7 3 Gm pcrioocc svith 4 3 Gm albumin and 3 og 0 m c ^ 
index 9 NPN ag Total cholesterol no mg per cent. EKG Left axis shift. Abnormal gnp 

ibic with coronary insuffiacncy X ray of the chest csscnuaJly negaave X rays of femur ^ 

hands — within normal limits The skull had a few small discrete round, radio-Iuccncics w ^ 
presumably due to Pacchionian bodies Mulnplc myeloma was considered a remote possi 
marrow obtained by sternal puncture was found to be moderately cellular mcgakaiyocj^ ^''^emhro- 
in adequate numbers and appeared to be normal, nucleated RBC WBC rauo ^ ^ 

poicsis was normoblastic and showed a right shift granulopoiesis was intact. The op 

patiblc with regeneration secondary to acuve chrome hemolysis ^ 

The diagnoses of (Obypcrtcfuivc heart disease with decompensation indCx;Dcmoiyn 

terrancan type) were made , ferrous sulphate 

The patient received ammonium chloride thiamin hykinooc j^^tnictioci to 

during his suy He gradually became compensated and was discharged to the 
take a high proton diet, brewer s yeast and digitalis 
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Patnmt Htsfcry Physical FtnJmis ef Parents and Sthltnis (Jig x) As far as the panent knew his 
father was a full blooded Negro who died at the age of 8** The mother was brown skinned, and possibly 
had some Indian blood There were 9 siblings Five had died one at the age of x and one at the age of 6 
of causes unknown, the third died at the age of i6 of pnenmonia and did not seem to be the nght color 
when he died, the fourth died at the age of 32. of mincfcser following a few weeks illness the fifth 
died at the age of 46 of pneumonia Three of the living siblings were examined 

J Jf *gc 51, a nonidcntical twin of the patient He was of a much larger and heavier build and had 
teen a prize fighter m his youth Quesnoning revealed that his eyes had been yellow when he was younger, 
but he had attributed it to the trauma of prize fighting He was mamed His three children were dead. 
One died at the age of 3 of colic one at 5 of pneumonia and third at 6 of a cold Physical examina- 
tion Was nonre v eahng 

E.M. age 45 male, no pertinent history had one son age X5, in the Army Physical examination was 
nonrevealing 

A- M. age 54 female, had no children Her history and physical examination were without 
ngnificancc 

One sister lived out of town and was unavailable for study 

Blood findings are noted in Table i 


<s 

i 

u 

L 


I I r 

r a O' 

SI t.»m SI I 

q I 
o' 
li 


3 S 6 
Cdic 'Pn^y- CflJ 


T 

t 


f 


Itdua 

Used 



•46 Sl 
P»w Kiar 
ttauA fmr 


T 

t 

6 


1 

t 

I 


t 

a Cx*cdi0*4 


<f Hot OXOCBJM^ 



Fio 1 — Gevuolooic Hivtoet oz Case i 

"Hie roman numerals refer to the type and sevenqr of the individual s Mediterranean anemia The 
classification is that of Darneshek and Limcntani Ctabic 5) 


Commtm The patient had no symptoms referable to his anemia He presented 
fiimsclf because of cardiac decompensation, on the basis of a hj'pertensive cardio- 
vascular disease As in other tj-pes of hcmolyuc anemia numerous ulcers (healed) 
Were present on the legs ' 

No known Caucasian or Mediterranean admixture was present in the family 
Of the four siblings examined, the patient had the most severe form of the disease, 
the nonidentical twin a less severe form, the younger and older siblings a still 
®ildcr form Whether the death of the siblings or the early death of the brother s 
three children had any relation to the disease under discussion is purely prob- 
lematic 


^ Prank F This Negro male was firstscen inMarch igyi 14) because of a ccllulitisof the arm 

rSc hard spleen extending 4 era below the costal margin vras found The onlj other abnormal 
P yncal findings ■ncre small bilateral inguinal slight!) enlarged axillar) and palpable cenical Ijmph 
^ liecr was not enlarged 

P^t'ent was bom in Louisiana and liscd there the first 10 )-car5 of his life He had had fes-er at 
11 - or 13 for which he had taken and quinine In 1940 he had a single chill but was 

^to retutn to work the following da) He used alcoholic beverages m moderation 
0 raalarul parasites were found after repeated adrenalin in)ection5 The blood showed 65 pm cent 
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X4 lymphocyte t mooocyte t mettmyd. 
C)tc The red cells shotted polychromatoph,I.a++ hypochromu+ «usocytosis +. po.LdocvtZ+ 
With ^crocyte. present The reocnlocytcs numbered 14 per cent and 2 rare nncleated red blood cell ™ 
seen Wet preparations tsTre negative for s.clJing Hemolysis of red cells began at o 38 per cent NaQ win- 

tion and tsas incomplete at o II per cent Unnalyiis revealed no sngar or albumin NPN4tnig cteatinine 


Table z.—S*mmtrj of itmaltltpc finJwgs m Css, 2 snjfamilj 



Hjb 

RBC 

\YBC 

Retlci 

Taraet 

cdli 

Am so 

Hypo 

£ 

< 

Sal] DC 
Fra^itj 

Remixlt 

Frank F (pa 

83% 

5 10 

7,500 

5 % 

Almost 

+-f+ 

++ 


0 38% 

Occ 

aent) 

average 

average 

average 


100% 




incom 

ood 










picte 

red 










at 

Ctlll 

Wife (second) 

75% 

4 55 

5,900 


0 


+ 

-f 

0 10% 
Normal 


M L. age 10 

85% 

5 47 I 

9,450 

6% 

About 

+ 

+ 


Normal 


female 

87% 




’o% 




F Jr. agi: 7 

3 58 

9,700 

4 % 

About 

+ 1 

-f + 


Normal 


male 





1 10% 





Dorothy M 

00 

5 83 

10^00 

J 4 % 

Almost 

++ 

-f 

+ 

4 ’-% '0 


age 6 female 





100% 




15% 


Beulah M age 

80% 

5 O’- 

6,850 

»•% 

10 to 

4 * + 


4* 

Not done 


4 female 





5 - 0 % 





Julia Aaa age 

73 % 

4 84 

18,730 

4 % 

xo to 

H — F 

■f + 

+ 

Not done 


3 moD , fe 
male 





30% 




1 



Lwht cf 

color f 
PnPumoniB 


Neoattv* 30 

IV 


5 mo 4 6 7 10 

I I D m n n 

Fio 2- — Genbolooic Hutory or Case l 

The symbols arc similar to those nsed on figiirc i 

I 3 mg Sternal marrow was slightly hypcrccilolar with a probferauon of the erythroid senes Discharge 
diagnosis was splenomegaly of unk^o^vn origin 

He was readmitted in September 1^7 He had been working and well between admissions In 
1947 however he began to notice a doll ache in the left npper quadrant where he coaid feel a mass 
ache was brought on by a long walk or cicrase and disappeared after a few minutes of rest It was on* 
related to meals and he felt as strong as e\cr before Examination revealed a ull robasc Negro wi no 
significant physical findings other than the enlarged spleen which was felt nine cm below c ewu 

margin The urine contained ++ to +++ urobilinogen Kahn test was ncgam-c Hcmatolopc fmdi^ 

arc shown in ubic 2- Scram bilirubin i 35 mg percent sedimentaaon rate 3 mm per hour emit 


? 

t 

AppcndfCitu 
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4) per cent The marrow wjs quite cellular megaljijo< 7 ‘« but their number 

was reUnvelj- decreased, nucleated RBC WBC ratio approximately 3 i normoblastic crythropoicsis, 
large numbers of lymphocytes The findings ss-crc again interpreted as compatible with chronic hemolytic 
anemia 

The paoent s father died of pneumonia when the pauent, an only child, was about ten years old and 
his mother died shortly afterward of appendicitis He had been brought up by his ptemal grandmother 
who was light brosvn and he remembered that his father w as light too He had 4 li\ mg children 
byhisfirstwife, and one by the second (lo 7 6 4ycar$and5 months) All the children sverc examine 
and none had abnormal physical findings Sickling of the red cells could not be demonstrated in “e 

children or the second w ife The results of the hematologic studies arc charted in table 1 One child (the 
third) had almost too per cent target cells and a slightly increased resistance to hypotonic saline solution 
(0^ to o 15) The second wife s blood was normal exceptmg for a slight iron deficiency Both of the 
older children had a slight iron deficiency Both of the older children had a slight erythrocytosis and the 
ptcicncc of target cells while the tsso youngest shosved only target cells (fig a) 

Comment In spite of a fairly severe form of Mediterranean anemia this patient 
was never significantly incapacitated by his disease Whether Mediterranean 
admixture was present is questionable, but that this is a possibility is suggested 
by the fact that the patient s father was light and the grandmother light 
brown All the patient s children had mild forms of Mediterranean anemia, 
though the second wife was free of the trait as presumably was the first 

Cost S Lillisin N This Negro femile was bom on April 18 1935 In 1939 she was admitted to an 
other hospital because of an acute illness and upon recovery was dishcargcd with the diagnoses of acute 
tonsillitis and pharyngitis suppurative otitis media and sickle cell anemia 

In July 1941 she entered the Cook County Hospital with the admitung diagnosis of bli^ dyscrasia 
Her presenting symptom was epistaxis of a week s durauon She had been having nosebleedsfrom time to 
ome for two or three years but they had become more severe during the preceeding year There tsvr^o 
other complaints She had had whooping cough at the age of 3 chicken pox at 4 and measles at 5 e 
only physical findings of significance wete a systolic murormur at the apex of the heart and a freely 
movable enlarged spleen Laboratory data icterus index varied between ai^y, NPN 39 urines were 
negative for sugar albumin and cells X-rays of the skull showed considerable bony thickening with 
nomerons sclerotic striations extending at right angles to the tangential line These stnauons were 
parncularly marked in the occipital area There were also marked changes in the texture of the bones 0 
the forearm and legs The diagnosuc possibility of Cooley s erythroblastic anemia was suggested 
The blood counts arc assembled in table 3 EKG was normal and showed a left axis deviation Marrow at 
this time was reported as showing an crythroblasuc proliferation compatible with a hemolytic proccs 
The patient s nosebleeds wete few while she was in the hospital and she was discharged without 
*pcafic therapy or t definite diagnosis , r 

She was readmitted in January 1946 with the diagnosis of splenomegaly There was a 1 story 0 
chills fc\'cr jaundice -weight loss and headaches for one i^'xclc A slight jaundice spraomegay an 

blowing systolic murmur over the base of the heart were found at this time Laboratory ata asscr 

negative unne urobilinogen o to +-1 — cocal proteins 7 8 albumin 4 2. globulin 3 6 ictcni 
13 Red cell fragihty showed partial hemolysis at 30 per cent and vsas complete at 2— 

views of the tibiae fibulae radii ulnae carpals and proximal mctacarpals show c o owing 
changes which arc most marked in the mctacarpals thinning of the cortex great ^ominM« ^ ^ 

trabeculauons dccalcificauon which is greatest m the spongiosa some widening o t c s 
^nes especially in the mctacarpals The findings arc probablj all on the basis of hj'perp asia o c 
Harrow Four views of the sicull rc\xal marked atrophj of the outer tabic and genera 12c ra i sma 
tions The pictures arc most like those described for erythroblastic CGx)lc> s) anemia a ^ 

changes ha\c been described in sicLIc cell anemia '* EkG Rate 100 sinus rhjthm mtena 01 

‘^cond QRS 06 second QRS upright in I and H QRS, is notched and diphasic. S3 present and T, inverted 
Abnormal curvx indicates m> ocardial damage She was discharged as a case of sickle cel anemia 



MEDITERRANEAN ANEMIA IN THE NEGRO 


712 - 


In Dectraber 1547 she tvu Kcn m the Anemii auuc. Phyiicil eianun»non rcTcilcd slightly icttnc 
^erat pallor of the mucous mcmbranej and small shotty cervical, axillaiy and logmnal lymph nodes, 
^e liver was felt 4 cm and the spleen 9 cm below their respective costal margins A systolic murmiir, 
most marlced at the pulmonic area was heard over the precordiom Laboratory data -f-H- nrobihno- 
genutfa thymol turbidity 5 7 umts stools negative for parasites blood negative for malaria. Sternal 
marrow aspiration revealed a very hypercellnlar marrow the megakaryocytes svere relatively .l^rr rsH 
nucleated RBC WBC ratio approximatly 10 1, normoblastic crythropoiesis svith a right shift mtict 
granulopoiesis X rays of the skull and long bones, as before, svere typical of Cooley s siymi. 


Tabus y — JUsum/ tj rtfrtjentattpt hltcS cumts thfjtfud mr a jin year ptncJ tn Cajt 7 It ti tiht vttd 
that ixttft fcllcictng tramjaium^ the alvt^s appeared (pstada) am deficient and nmr theirtd 
Jtckitttg of tlx rtd cells 


Date 

Hab 

RBC 

WBC 

PUtc- 

leu 

Pcrulte* 

Ortho* 

ebrom 

Normo- 

bU*ts 

Poly 

chrom. 

Normo- 

blasts 

Anlto 

Polk 

Poly 

Hvpo 

Resurk* 

7/29/42 

7 5 Gm. 

3 88 

11 300 



«/100 

18/100 

■f+ 

-H-+ 

-H-b 


No sickling 







WBC 

WBC 




mu 


7/30/42 


3 16 ; 


ICTiTil 








Ho sickling 

8/ 5/42 

7 5 Gm 

3 98 

6 350 

291 QOOl 



16/100 





RiUc4 7% 


«% 


1 



1 WBC 

WBC , 






8/J2/42 

8 Gm*,, 

3 61 

12 450 


Nega 

i 






No sickling 





1 

live 





1 


1 






for 













ULS. 






^■1 







lAria 








1/I5/14 

9 Gm* 

2 94 

8 450 



12/100 

5/100 

•H-I-+ 

-H" 





54% 





WBC 

WBC 






1/17/W 

9 Gm* 

3 03 

9 550 

323 000 

Nega 







No sickling 


54% 




Uve 













for 













mi 













ItrU 




















' - 



15/24/47 6 0% Reticulocyte* 

Sed RAte 4 mm corrected 
Packed cell volume 30% 
Serum BUirubm I 0 mgm 
Serum Iron 0&5 mgm 


Red cell fragility 
trace 44% 

-f 42% 

+++ 2 «% 
+-H-+ I5%- !0% 


The parents and Siblings were examined a* far as possible The daw arc presented m T» c4 , 

The father and mother svere both typically negroid in appearance They were both atout sis 
and very svell developed Neither was jaundiced or had a splenomegaly On the basis of e o it 
hosvevcr they both had Mediterranean anemia , a tr.se at the 

The oldest child (D N male i6 yean) had been diagnosed as having congemul bear ‘ 

age of 3 He had a to and fro murmur at the second left intenpace with a rough lysto ic mu 

apex The blood picture was diagnostic of Mcd.termacan anemia. tu. Mood findines how 

The s-cond child (G N male 14 yean) had no abnormal physical findings The 

ever svere those of Mediterranean anemia active hemolysis 

The pauent (L. N third child) had a sesxre anemia blood and unne cviden 
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boDc compatible with Cooley s anemia, hcpatosp^cnomcgaly, and 5tunting of growth She is an 

example of Gx)lcy s anemia 

The fourth child, (D , female, 10 years), had the same general appearance as her sister L. N Prior to 
her birth, the mother had contracted syphilis and the child had been diagnosed as a congenital luetic 
She was treated until the age of 9, when therapy was discontinued though her serologic tests for syphilis 
were sail positive She had a ‘tower shall, hcpztosplcaomcgzly and marhed evidence of blood re- 
generation She was also an example of Gxiley s anemia^ 

The fifth child (W N male, 8 years), showed some target cells and an increase in urinary urobilinogciL. 
No enlargement of the spleen or liver were demonstrable Vcnipuncrarc was not allowed This ease repre- 
sents the mildest form of red cell aberration seen in Mediterranean anemia 

The sixth child (R N female 4 years) showed 3 o per cent reticulocytes some Amsocytosis and 
hypochromia. The liver was felt I 5 cm below the costal margin but the spleen was not felt Because no 
hiithcr studies could be performed it is not possible to ascribe definite significance to the high red count 
•od low hemoglobin but in all probability this was a mild ease of Mediterranean anemia Data on the 
seventh and eighth children arc insufficient for definite diagnoses The blood film of the eighth child was 
howcTcr suggestive of Mediterranean anemia with great numbers of large thin cells some target cells 
^d amsocytosis being present Both children had disproporuonatcly high red cell levels for the hemo- 
globin values (fig 3) 

No history of exposure to lead or history of symptoms r e fer able to lead poisoning, could be obtained 
from any of the family 

Omment This patient had a typical Cooley s anemia as did a sister two years 
younger As would be expected, on the basis of the assumption that this condition 
represents a homozygous trait, both parents showed evidences of a mdd form of 
Mediterranean anemia The other 6 siblings alJ had some stigmata of Mediterranean 
anemia No evidence of Mediterranean admixture was found 
The patient (L N ) and her sister (D N ) were somewhat older and in much 
better clinical condition than the usual ease of Cooley s anemia However, Wolman 
and Dickstcin^® in their review of Mediterranean anemia list a number of reports 
of patients with moderately severe anemias and marked hematologic abnormaJitics, 
many of whom also had clinical and roentgenologic findings and yet survived 
beyond adolescence, and Daland and Strauss® report a ease who survived to the age 
of lo and gave birth to a viable child (^who has Mediterranean anemia) 

Frank D This x6 year old Negro male \vas first admitted to Qiok County Hospital in JuJy 1946 
of headaches malai y fever (six days) cough (two days) dyspnea (one day), and pam in the left 
«pccially when coughing (one day) Blood pressurr 105/60 pulse 100, tcmpcrztarc 105 2. F . 
*^piraaons 40 There was increased ucnic fremitus impaired rcsonaucc and bronchial breathing over the 
lower lobe The postauricular and inguinal lymph nodes were slightly enlarged X ray of the chest 
only a prominent pulmonary conus Kahn test was negative The blood count, together with the 
of the second admission is shown below He was treated with pcnictllm and ferrous sulfate His 
diagnosis was broncbo-pncumonia 

His second admission was in December 1947 This time he had a cold for rwo weeks with cough and 
^d an urticarial rash for one day There was no history of exposure to lead or of blood loss and 
c let Was adequate His temperature was 101 F respiration 14 pulse ixo He was well developed and 
^*cly though not seriously, ill The scicrac were slightlj |aundiced Small (o 5 cm ) bilateral discrete 
nodes a small (i era ) right cpitrochlear, and discrete fairlj firm inguinal nodes (3 cm ) svcrc 
f itcrally The liver was mst palpable in the cpicastrium The spleen was firm and was psipa 
hclow the costal margin 

*^tory finding on thij admission were as follow* ++++ urobitino^enuna no glycosuria or 



Tadie 4.— ./ tbt U^atcry finJmi,! w It, family >f Cast 3 Ik this family ictb partnls bad mtld MidUmantan ammia and Ibmfari s.mi ividinci ,{ lb, disias, 

IS ixpKtid It bt pestttl m 74 pa ant if Ihi egspnn^s ‘ ' 
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iJbuiniatina, NPN 38 Kabo test acgaavCf agglaonatioas for typhoid paratyphoid aadbrocclla oc^ 
five, stool delayed + bcnndinc reaction for occult blood X-rays of the chest changes snggcstirc of la 


^ ? 

35 

n m 


I — I pi I I ^ rn 

16 14 12 10 8 4 2. 1 

n n vn w i ?i n i 

Fio 3 — Gei^eolooic HirroET or Cajk 3 
The symbols are similar to those used on fignre i 


atypical pnenmoDia, of the sknil granniat appearance of both panetal bones probably the result of m- 
crease m the diploic markings but otherwise no bony changes characteristic of Cooley s anemia. 


Blood couQts 



Date 

Heb 

RBC 

WBC 

7/W46 

(6 5 Gm.) 

3 15 

13 . 9 « 

11/10/47 

45 % 

(7 0 Gm ) 

3 9 ^ 

ii,9o< 


Amsocytosis +++ polychromatophiha ++, hypo- 
chromia poikHocytosn -f-h-f. target celli, 

a NRBC and 1 toppled cells/ioo WBC 

Amsocytosis -f-H- polychromatophiha -f podnl^ 
cytosis - 1 - 1 -+ toiiaty++ 1 NRBC and toppled 
RBC/ioo WBC, Howell Jolly body 


Sickling negative in and 48 hoars 
Sedimentation rate 15 mm. (corrected) 11/1.4/47 
Hematocnt3i 5% 

Reticulocytes 4 8% 

Sernm bihrnbin o 3 mg % 


Red cell fragihty Trace 44% 

+ 40% 

++ 31% 

4 -I-+ 10 % 

++++ 


Sternal marrow aspiraoon on December 11, 1947 revealed a very cellular marrow 
were present in adequate numbers and appeared normal nucleated RBC WK mitoac 

5 I Erythropoicsis was markedly accelerated normoblastic in character an slm » ^ ^iJiodcntc 
figures in the crythroblast senes were norocrous granulopoiesis was not remarka c etc was 

increase in plasma cells . , . Chir^no who wii 

Fmly htsttrj The patient was one of 11 children He had an , , , , disease 

exammed Another brother had been killed in a tram accident and one brothel a The 

The mother and 7 sisters were livmg away from Chicago and were ih^orc Nciihcf 

father who was said to have been very light 10 color died (cause unknown) m y ^ ^ 

the patient nor his brother knew whether any of the sisters had been jaon hematocnl 

ther s blood revealed RBC 5 65 Hgb 103 per cent ^ „ .44 

43 pet cent, nnne nrobilmogcn + Scrum bilirubin reported as o Fragi O' -nlatecment of the 

per cent NaCl solution and dnpheated the normal control in the lower range 
Uver or the spleen were dcmonscrablc 

Comment The blood and marrow findings. 
arc diagnostic of a severe Mediterranean anemia The bro ( Y 
Ted) dTes not have the disease (fig 4) Unfortunately, no one else 
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family could be studied What the father s light color signifies, as far as Mediter- 
ranean admixture in the patient s ancestry is concerned, is problematic 

Very Cf O 


Patient 


«r cf cf oopoppQ 

Z7 Ne^tivt f t 

Vr Accident Liver 

dueaM 

Fio 4« — Gbnbolooic Hiffroar or Cash 4 
The symbols are similar to those ased on figure i 


Discussion 

Cooley s anemia is the severest form of an aberration in red cell production 
and/or hemoglobin synthesis known as Mediterranean anemia The mild form 
fflay be considered as being heterozygous for the trait, which is transmitted as an 
mcomplete dominant factor* * “ ” “ and whose presence can be demon- 

strated by hematologic studies The severe form of the disease (Cooley s anemia) 
represents the homozygous form inherited from both parents This is well exempli- 
fied m Case IH This relationship is not dissimilar to that occurring in sicklemia 
and sickle cell disease 

The shadmg from normal to Cooley s anemia is gradual and can be arbitrarily 
subdivided mto mild, moderate, or severe forms or even into smaller groups, as 
*“ggested by Dameshek * We have found his classification, which is reproduced 
here as table 5, quite useful, although intermediate forms and shadings from one 
group to the other occur no matter how small the subdivision It soon must become 
obvious to those studying these cases that one must think of these conditions as 
niorc or less inconstant, rather than as arbitrarily fixed and readily pigeonholed 
The increasing number of reports dealing with the finding of sicklemia in Medi- 
terranean peoples'* and, on the other hand, the apparently not uncommon finding 
of Cooley s and Mediterranean anemias in Negroes, as indicated in this communica- 
tion, leads to interesting speculation as to the consequences of the mtcrmarriagc 
of persons with sickle cell anemia and Mediterranean anemia The two patients 
reported by Haden and Evans" may have been the offspring of such a union They 
Were of Sicilian descent, had anemia, splenomegaly, and sickling Since thej were 
'5 and n years of age, the presence of splenomegaly makes one espcciallj suspicious 
° such possibility since marked splenic enlargement after the age of 7 in sickle 
disease is vey uncommon ' 

r IS also worthy of speculation what the results of the crossing of other types of 
^emolytic anemias, with either Mediterranean or sickle cell anemias, would be 
^ r example, we have recently seen a case of congenital hemoly tic anemia in a 
other cases basing recently been collected by Goodman and Cates'") 

^r the result of the crossing of this disease with the abosc mentioned ones 
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would be IS problematic and only the careful study of the families of all cases of 
atypical hemolytic disease will help clarify this problem 
It IS interesung, in retrospect, to note how often the diagnosis of sickle cell 
anemia had been made in our patients, notwithstanding the fact that sickling of 
the red cells was never demonstrated However, it might even be conceivable that 
sickling of the red cells might be considered present in some cases, since m the 
moist chamber the naturally occurring poikilocytosis could, by the inexpenenced, 
be mistaken for sickling The number of these pseudo-sickle cells, however, does 
not increase even on prolonged standing 
The differential diagnosis between sickle cell anemia and Mediterranean anemia 
may be extremely difficult or even impossible on clinical grounds, and may depend 
entirely on the demonstration or lack of demonstraaon of sickling The great 


Table 5 — Types oj P^^tterreenedn amenta (ylasstjicaiean ef DamesheJt and lasttniani). It ft tt h ndti 


tbsi th<u dtvtuans art arhtlraxj snd htiiottn ^9 k^s *nd finitni^s u ctrtmutn 



Hgb 

Tarret 
ovtl or 
stippled 
evils 

Splcno- 

mejaly 

Jsan 

dice 

Booe 

eban^ 

Nttdeated 
red ctHi 

I Congenita] lepto and elliptocyto- 

% 

SoH- 

+ 

0 

0 

- 

- 

i. Hypochromic erythfocytosis 

80+ 

++ 1 

0 

0 

- 

- 

3 Hypochromic anemia 

63-80 

++ 

0 

0 



4 Hypochrormc eryrhrocytoaj with 

65-80 

++-H- 

+ 

+ 

1 — 


spleoomegily 

5 Congcmtzl hemolyac target oval 

50-65 

-b-h 

++ 

1 

' + 

+ 

- 

cell jaufldice 

6 Adult ancrythroblasac type of 

Less than 50 

-t- 

-1-4-+ 

-1-+ 

++ 

- 

Cooley t aoetma 

7 Cooley s crythroblasac anemia 

Less than 40 

+ 

++++ 


+++-]- 

+++ 


The common denominator of all the above c/pcs is the decreased h/poiomc fragility, the 
presence of target and oval cells, and the lack of response to iron thcrap/ 


similanty of the two conditions is emphasized in table 6 Whether these similaotJCS 
imply an ethnologic or anthropologic relationship, we arc unprepared to say, ut 
the geographic proximity of the roots of these conditions certainly suggests sue a 


possibility u Cn th 

Malana, especially m those patients who had spent some arac ^ “ 

(as cases i, z, and 4) must be considered in diffcrcntii diagnosis espea y m view 

of the jaundice and splenomegaly This condition was ruled out by care cxamina 

uon of both blood films and marrows niTase 

We were impressed by the excellent general health (with the , 

3 and her sister with Cooley s anemia), the robust appearance, an 
pauaty of both ancient and recent history of illness which „ 

attention to the underlying condition in this group ^ for the 

underline the necessity for not only awareness but also of cons 



Ta«lb 6 — Ceapanstn httuitn clinical and lahnalnj fnJinis oj sicUc cell and Midilcnancan animiar, 
shcwmi far the meet part, sinking parallelism in the twe ctndiliens 



SIcIilc cell 

Mediterraaeao onemia 


Anemia 

Trait 

Cooley I anemia 

Trait 

loadencc 

Familial 


Familial 


Transmission 

Hcrcditaiy 


Hereditary 


Mcndcliao transrois 

Dominant 


Incomplete 6oiniD2Dt 


Sion 





Intermediate forms 

Absent 


Whole gradation 


Race 

Primarily Negroes 


Pnmanly Mediterraneans 

Pithogcncsis 

Inhented defect in ted cell forma 

Inherited defect in red cell forma 


tlOD 


non 


Coarse and symptoms 

Active disease Re 

No symp- 

Gradation of seventy from most 


current crises 

toms 

severe (Cooley s) which 15 pro- 


Death usually be 


grcssive and usually fatal before 

fhjiical findings 

fore age of 35 


age of 11, to asymptomatic form 





Pallor 

Prcscntl espcaally 

None 

Marked 

None 

Janndice 

Present] during crises 

None 

Slight 

None 

BaDd 

Underweight, long 

Normal 

Small squat 

Normal 

Head 

linear 

Occasional tower 

Normal 

Large 

Normal 

Spleen 

skull 

Large in childhood. 

Normal 

Very large 

Normal 

Liver 

atrophied in adult 

1 hood 




Slight enlarged 

Normal 

Very large 

Normal 

Leg ulcert 

Occasionally 

Absent 

Occasionally 

Absent 

Bone X rays 

Gronnd glass and 

Negative 

Hair on-end ap- 

Negative 


hair on-end ap- 


pearance of tkuU 



pearance of skull 


Medullary widen 



Medullary widen 


mg and corocal 



mg and cortical 


tbiomng of long 



thmmng of long 


hones 


^•d findings 

bones (vanable) 




Anemia 

Moderate to severe 

None 

Severe 

None 


Usually normocync 


Microcytic hypo- 


Oval celU 

normochromic 


chromic 


Present 

Occasionally 

Present 

Present 

cell, 

Present 

present 

Present 

Present 

Present 

gelding of cells 

Marked 

Present 

Absent 

Absent 

Hypotonic saline 

Increased 

Normal 

Increased 

Increased 

'tuitance 





Hncleatcd red ceUs 

Espcaally during 

Absent 

Numerous 

Absent 

®a‘ophi lie stippling 

eases 

Present 

Absent 

Present 

May be 

f^cncnlocytosii 

Marked dunng enus 

Normal 

Marked 

present 
May be 

^nVocytosis 

BHinibin 



slightl) 

elevated 


Marked dunng cnsis 

Absent 

High 

Absent 

Elevated 

Normal 

Elevated 

Normal 

Botic marrow 

Hjperplasuc with 

Normal 

H>pcrplasuc with 

May be 


normoblasnc pro 


normoblastic pro- 

slightly 


hferaaon 


hfcrauon 

hyper 

— 




plasnc 


7»9 
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meditbreanean akemia in the negro 


-<liscRsc By virtue of the pRrtiRl dotnioRncc of the gene it is safe to ssstinie thstivc 
are dealing with a condition whose recognition will henceforth occur more ind 
more frequently 

We wish to re-cmphasizc the dictum previously advanced*’ that even though oar 
patients had the typical negroid appearance of skin, hair, fames, etc , Caucasian 
-admixture cannot be ruled out This aspect of the problem is entirely academic, 
since the North American Negro is admittedly a hybnd group, but none-thc less 
represents the type of patient in whom we are interested Whether the condinon 
■exists among unmixed Negro races remains to be answered by those who have 
access to this type of material 


Summary 

Four cases of Mediterranean anemia are reported in Negroes 
The hematologic and clinical findings of available relatives are presented 
The disease in the Negro resembles the condition as found m people of Mediter 
ranean ancestry in every particular 
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A RAPID SLIDE TEST FOR HETEROPHILE ANTIBODY IN INFECTIOUS 

MONONUCLEOSIS 


By William C Molonby, M D , and Ldct Malzone 

S INCE the discovery by Patd and Bunnell* in 1331 of the presence of hctcrophilc 
antibodies in the sera of patients with infectious mononucleosis, there his 
been a great deal of investigation into the nature and production of anti-sheep red 
cell aggulutinins ’With the advent of the Rh factor and the subsequent discovery 
of blockjng^ (incomplete, or hypenmmune'} antibody new avenues of approach 
were opened to many perplexing problems concerning red cell anagemnty 
In 1945, Levine and Gilmore' reported the discovery of a blocking antibody in 
the scrum of a patient with infectious mononucleosis At this time attempts by 
one of us OV C M ) to disclose hctcrophilc blocking antibody, usmg sheep and 
goat cells, were unsuccessful ^ However, this work was earned out m England 
while in the Army Medical service and comparatively few cases were studied, more 
over, the proper breed of goat was not obtainable When knowledge of Diamond s 
slide method for Rh testing became available in June 1945, a modification of thu 
test was employed to further search for the presence of blocking antibody in the 
sera of cases of infecuous mononucleosis and other diseases For the past three 
years this work has been earned out more extensively in avilian practice and smee 
the slide method may have practical applications, its use is teported in this paper 


Methods and Materials 

The tcit was esmed out by nuxmg o i cc of defibnoated sheep blood on i glass sbdc with oj. cc. of 
scinm to be tested Tests were considered positive m fy >f S ffms to 4 /*/»x macrtscofjc clipapmi oczMtrtd 
JO to 60 stconds The hctcrophiic antibody test was earned out on the same sera using liic Piul Bon^ 
method ^ A scnim diluuon of i ii8 was considered the lowest posiuvc Jcvxl The sheep cells srcrc fro 
crably used fresh but defibnnated sheep blood kept at 5 C for two weeks gave rehablc tests Citn 
phenolized and 30 per cent saline sheep cell suspensions also gave good results with J/rwg^poxi ore 

However to avoid factors which might interfere with blocking antibody only defibnnated sheep 

was used in the slide tests reported in this paper Scrum was obtained in the usual fashion macavanw 
was earned out in a number of cases but for practical purposes this was found to be unne^sary 

kept m the icebox lost potency slowly whilcif stored m the deep foecre the hctcrophilc ana 

was well preserved foi long penods The amounts of scrum and cells used m the test made a 
fcrcncc m the agglutmauon reaction A a to i propomon of scrum to cells was found 
clear-cut test All shde tests vrerc earned out at room temperature As desenbed below c c 
antibody in infectious mononucleosis is active at 37 C as well as at lower temperamres rertain^^ 
Cirrhosii and patients with hcmolyuc syndromes the antibody which gave a posiu^'c s 1 
temperatnre was inacuve when the test was earned out at 37 C. 

From the Clmical Research Laboratory Holy Ghost Hospital Cambridge 
Departments of Medicine and Pathology, Tufts College Medical School toton Adinac City 

Paper read at the annual mcenng of the Amcncan Fcdcraaon for Umical 

N J May 4 1948 Cancer Soacty (Massacha 

In part this study was supported by a grant from the Amcncan 

teta Division) 
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Results 

Tests were earned out on the sera of individuals with various diseases and 
in this group were included a number of normal controls 
Injcctutus Miinonudtosts In this group there were 41 patients with definite 
hematologic and clinical evidence of the disease (see table 1) 

Of these 41 cases, 34 were serologically positive by the Paul-Bunnell test at some 
tune during the course of the illness There were 6 cases in which repeated hetcro- 
pWe antibody titers were i 8 or below and the slide tests were also negative in 
t esc individuals In one case the heterophile antibody titer was i 64 and at the 
SMC time the slide test was positive, otherwise the remaining 34 cases had titers 
0 I ii8 or above with strongly positive slide tests It was observed that m 


Table i — Infedtous MancnucUosts 


Diagnoili 

ToUl 

Positive slide teat 

Positive Paul Buna ell 
test 

Wecuonj Mononudeosij 

1 

41 

35 

34 


Table 2 - — Dtseasts of iht Lspfr 


DitgnoiU 


^^rrhosis (Lieoncc) 

Qtrhosif (biliiry) 

^hoai (post mfecnons hepious) 
infectious heptaas 


Total 


Ponavc at room temperature negative at 37 G 


No of cases 

Positive slide test 

Positive Paul 
Bunnell test 

43 

6* 

0 

5 

0 

0 

5 

1* 

0 

XI 

0 

0 

74 

7 

0 


disease along, as the heterophile titer in saline fell below i ii8 the 
* tests became negative 

‘liases of the Liver The sera of 53 patients with cirrhosis of the liver and 2.1 
twnts with acute infectious hepatitis were tested (^sce table 2.) 
tiou cirrhosis of the Laennec type and one of cirrhosis following infec- 

* nepatitis, positive slide agglutmanons of sheep cells occurred However, 
^none of these cases were sheep cell agglutinins by the Paul-Bunnell method 
ae I ^ dilution of 1 8 or above On carrying out the shde test at 37 C, the 
in f ‘lisa^ppcarcd This is in contrast to the sheep cell agglutinins found 

ctious mononucleosis which arc active at 37 C as well as lower temperatures 
pfj.j 'included that the sheep cell clumping observed on the shde at room tem- 
• . , rhesc cases was due to nonspecific cold agglutination 
tivc roost of the cases of infectious mononucleosis in this senes gave posi- 

*^j|^^^^*“'^^°^cstcrol flocculation, thymol turbiditj and ZnSO< turbiditj 
rrc Was no apparent correlation between the presence of heterophile anti- 
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TM 


body (either by slide test or by the Paul-Bunnell method) and the occunence of 
these tests which indicate an alteration of the serum proteins In keeping with 
the observation of others, positive hctcrophile antibody tests were not found in the 
eases of infectious hepatitis 

Mahfnant Dsseases The sera of 58 patients with a variety of neoplastic du- 
orders were examined for heterophile antibodies (sec table 3) 

In only one ease was a positive slide test observed This occurred m a patient 
with multiple myeloma but subsequently repeated tests on the same paaent wnt 
negative Sera from ocher patients with multiple myeloma have shown no in- 
crease in heterophile antibodies nor have slide tests been positive 


Tablb 3 — JAaltgnaat Dtstasts 



No of cases 

Positive slide test | 

Pofitire P*8l 
Basoefl test 

Cancer 

40 

0 

0 

Malignant lymphoma 

S 

0 

° 

Leukemia 

7 

0 

0 

Mulaple myeloma 

6 

1* 

0 

Total j 

58 

; I 

0 


* Nature of aQabo4y not knowo. 


Tablb 4-— Ntf mal ^tgnancy sni Ctrd BJftd 


Diagaosis 

i 

No of cases 

Ponlivt slide test 

Posftfre Psal 
fioaseO test 

Pregnancy 

95 

0 

0 

Cord blood 

2-3 

0 

0 

Total 

iiS 

0 

0 


Normal Profna/uy and Cord Blood The sera of pregnane women may show vanons 
positive flocculation tests However, in 95 patients dunng pregnancy and la 2-3 
cord blood specimens there were no positive heterophile antibody tests 

table 4) J,trrvtS 

Hemolytte Disorders and Iso-smmuntsiyd Women This group of patients 

special consideration and further studies arc being carried out (see table 5) ^ 

In 7 patients with acquired hcmolync anemia then: VTcre x cas« w i P 
positive slide tests These 2. individuals had no increase m hetcropin c anti 0 
by the Paul-Bunncll test When the slide test was earned out at 37c, 
nation occured These two patients had very strong cold auto emag^u 
Both had undergone splenectomy without improvement and s 
patient died and was found to have a bizarre mycloblasac A,rdicrnn 

pauent survived but has continued to show hemolytic anemia an 
dcrlying disease has been disclosed to date ^ factor there 

In the sera of to women heavily immunized in pregnancy °y immunized 

were no heterophile antibodies found There were 3 women strongi) 
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by fetal Ai cells and one woman with anti-B agglutinins giving a positive scrum 
dilution of I 60,000 In none of these women were there positive hetcrophile 
antibody tests However, a patient who is still under investigation has been of 
considerable interest After this woman gave birth to her second baby the infant 
developed moderately severe hemolytic disease The mother was O, Rh positive, 
the father was also Rh positive, Ai A; — and the infant was Ai O, Rh positive * 
The mother developed an Anti Aj agglutinin which reached a positive dilution of 
I 50,000 This scrum also gave a positive slide test for hetcrophile antibody 
which did not disappear at 37 C and the Paul-Bunnell test showed a borderline 


Table 5 — Hemolyttc Sjrtdremcs and ls»-tmmBmXfd Wtmtn 



No of cue* 

Positive tilde test 

Positive PtuI 
Boaoell test 

Acqmrcd hcmolync ancmi2 

7 

1* 

0 

Ana Rh agglanmns 

10 

0 

0 

Ana Ai agglatimns 

j 

0 

0 

Ana B agglanmns 

I 

0 

0 

dan A, agglnnmnj 

* 

I 

it 

Total 

xi 

J 

I 


* Becime oeginve at 37 C 
t Border Ime poaave dilaaoo. 


Table 6 — Mtaxllamtns Distasts and Ctrdrels 


Diagnosis 

No of cues 

PosiUvc slide te»l 

PosiUve Paul 
Btmnell test 

JAUccUancous 

50 

0 

0 

Control! 

110 

0 

0 

Total 

160 

1 

0 

0 


positive dilution of i 64 On absorption tests the antibody was absorbed by 
guinea pig kidney but not by boiled beef cells This antibody was apparently 
related to the Forssman type rather than the variety of sheep cell agglutinins found 
in infectious mononucleosis 

^sccllantous Diseases and Controls Tests were earned out on the sera of patients 
^ith a vancty of diseases In this group were included 3 eases of scrum sickness 
one of these had positive hetcrophile tests although it should be expected that 
if strong enough, the hetcrophile antibodies of the Forssman type would give 
positive slide tests Unfortunately, the only tests on these three eases were earned 
Out On the 1st or and day of the illness and later specimens of scrum were not 
obtained for testing (see table 6) 

n the sera of no normal individuals, there were no false positive tests 

Tbe Eraotypa and ipcofian of the anu A scr* were kiodljr determined by Dr WiUiam Boyd of 
Medical School 




716 


RAPID SLIDE TEST FOR HETEROPHILE AKTIBODT 


Summary and Conclusions 

The sera of 473 indivjduaJs were examined for sheep cell nggluctains both b) the 
slide test and the PauJ-Bunnell method In this group there were 46 patients with 
positive slide tests and 35 of these individuals also had a diagnostic scrum dilntitm 
test for hcterophilc antibody In ii cases the slide test was positive but the Paul 
Bunnell test gave very low serum dilution values However, when the slide test 
was earned out at 37 C, it was negative in 9 of the ii cases In the rcmaimngi 
instances, one patient had a Forssman type of antibody which gave a i 64 titer m 
saline and the slide test was positive at 37 C In the other case no studies were made 
on the effect of temperature and the nature of the agglutination reaction was 
unfortunately not determined 

Using human and bovine albumen, sheep serum and human AB serum absorbed 
with sheep cells as a diluent no evidence for blocking or hypenmmune annbodg 
was discovered in the cases of infectious mononucleosis studied in this senes 
Moreover, of the 6 patients with negative serology but with strong clinical and 
hematological evidence for the disease, no blocLmg or hyperimmune antibody 
was disclosed by the slide test or by the use of absorbed human AB scrum The 
conclusion seems justified that blocking, incomplete or hyperimmune hcterophilc 
antibody must be rather uncommon in infectious mononucleosis 

In the use of the rapid slide test it has been pomted out that cold agglunnms, 
(which may be abolished by warming to 37 C) and Forssman antibodies (which 
may be absorbed by guinea pig kidney) can give positive results However, dis- 
eases in which cold agglutinins are strong enough to give a positive slide test 
are relatively rare and the occurrence of Forssman antibodies of a strength likely to 
give a positive slide test would be decidedly uncommon In any event unless fi^et 
expcnencc reveals more serious discrepancies, the rapid slide test as desenbw in 
this paper seems to offer a practical screening test to detect clmically sign cant 
amounts of hcterophilc antibody in cases of infectious mononucleosis 
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THE PARALLEL EFFECTS OF MAGNESIUM ON THE COMPLEMENTARY 
AND COAGULATTVE ACTIVITIES OF BLOOD SERUM 

Bjr Frank MAltanbr, Pjb D , and Josi O de Axmetoa, MD 

CLOSE relationship between the role of calcium m the dotting and 
complement activities of semm has already been shown 'More recent studies 
have demonstrated the effect of magnesium in the hemolyac activity of complc 
ment and in the dotting reaction * Since it is well known that magncsinm salts 
do not replace calcium in the dotting process, this work suggested that the part of 
magncsinm be further explored It has been found that the effect of magnesium 
ions in both phenomena is parallel, either alone or in the presence of such antago- 
nists as human scrum and disodmm phosphate The practical importance of ionized 
magnesium salts in complement-fixation tests has also been emphasized by other 
investigators - Experiments were therefore made to detenmne whether addiHon of 
these salts affects the quantitatively standardized complement-fixation procedure 
developed in this laboratory 

Matbriaxs and Methods 

Ccmfltmmt was obuined &om froicn pools of guinea pjg temm used in routine complaueol finnoo 
tests * 

ItuclimUd hmaa strrm was a poo] of sera macarated at 56 C for one half hour poor to use 
DaiiJtrm fiupiate was prepared by diluang x’eth molar lolnuons with phjsjologic salt toluBoo 
MapKitim eiltrtJt and cslettm ciUrtdt were sumlttly prepared from molar solupons of these alts 
Cepbtim was phosphatidj'] senne prepared by the method of Folch ' farther punBed by repreciprtatioo 
from hoc methyl alcohol * and dissolved in petroleum ether It was suspended id dualled water bom the 
dried state as 0.1 per cent soluuon, was dialyzed overnight made isotonic, and, diluted 1 lowithphyslo- 
logic salt solunon 

plasma^ used for titration of prothrombin aenvity, was prepared from cell free o 1 per cent 
ozalared plasma obtained by the carotid bleeding of guinea pigs using paraffined canulae and tubes 
chilled in ice nine volumes of blood were collected m one volume of i per cent sodium oxalate dissol 
ta o.y per cent sodium cblonJe After removal of blood cells at low sperf the plasma was translctied to 
paraffined tubes and the platelets removed as completely as possible by high speed ccntnfugauonfo ok 
to cwo hours in the refrigerated centrifuge The hontontal posinon in the centrifuge should he *u 
the ame required depends on the speed available A plasma that clots in ten minutes or lougcr lo | 
tubes and after optunum tccalcifrcauon may be used but much more stable plasma is obtainable y tK 
procedures The diozalated plasma was prepared by dilatmg oialated plasma with four volumei 0 
per cent sodinm oxalate in physiologic salt soloooa < 

Tie hemaljiK sysUm was prepared from washed 5 per cent sheep cells and anasheep cell imboccptor 

cutting Technic 

The quantity of complement selected for use m dotting tests was one unit m 
employed in the quantitatively standardized complemcnc-fixauon test or sjT 1 < > 

1 c , the amount required for 50 per cent hemolysis of a standard dose 0 
sensitized sheep cells in fifteen minutes in a water bath at 37 C Amounts o ca 

From the Dtvtnon of Laboratoncs and Research New Tori. Stare Department Hea'ffi ^ 

Presented at the mceang of the Amencan Assoaanofl of Irnmnnologiiu h 7 
City, New Jersey 
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chlondc and ccphaJin were used that, when incubated for six minutes in pre- 
lumnaty titration with one unit of complement in a total volume made up to o 6 
ml with physiologic salt solution, clotted o i ml of added dioxalated plasma in 
ten minutes In the experiments recorded below, this corresponded to o i mi of 
M/400 calcium chloride and o i ml of o or per cent phosphatidyl serine 

In the tests of the inhibiting effect of inactivated human serum and disodium 
phosphate and of the enhanang action of magnesium chlondc, varying amounts of 
these reagents were pipetted into the test tubes followed by complement, calcium 
chlondc, ccphalin, and physiologic salt solution to a volume of o 6 ml The 
mixture was incubated in the water bath at 37 C for six minutes and o i ml of 
dioxalated plasma was then added The clotting time was recorded m minutes 

'Tnbntc of Complement Titratton 

Two methods of complement titration were employed, one based on the time 
and the other on the amount required for 50 per cent hemolysis at constant time 
Similar results were obtained with both methods but only the former is described 
since It provides a more convenient companson with the results of the clotting 
tests 

Dctcnmnations of time of hemolysis were made in a total volume of 1 o ml in 
the calibrated tubes of a Coleman Junior spectrophotometer at wave length 5S0 X 
IhcT per cent transmission reading corresponding to 50 per cent hemolysis was 
determined by measurement of color standards prepared from known proportions 
of hemolyzed and unhemolyzed cells and an amount of inactivated complement 
similar to that used in the tests The readings were made vtnth the cells in suspen- 
sion In the prchminary titration, complement was used in amounts of o 4, o z, 
o 15, and o 1 ml of a r 15 diluuon Volumes were equalized with physiologic 
salt solution to i 6 ml before the addition of o 4 ml of sensitized sheep cells 
Incubation was at 37 C in the water bath and the time required for 50 per cent he- 
fflolysis was recorded An amount of complement which required twelve minutes for 
30 per cent hemolysis was used in the following erpenments The different 
amounts of inactivated scrum, disodium phosphate, and magnesium chloride were 
added to this unit quantity of complement, the volumes made up to i 6 ml with 
physiologic salt solution, and o 4 mi of sensitized cells added Readings sscre 
made at frequent intervals during incubation and the time required for 50 per cent 
hemolj SIS recorded • 

Technic of Quantitative Titration of Syphilitic Sera by Complerrent Fixation 

Method I'» nas employed but in one set of tests physiologic salt solution con- 
taining iz micrograms of magnesium per ml for diluting antigen, amboceptor, and 
complement, and for equalizing soluraes in different tubes of titrations were used 

Results 

The effect of magnesium chloride on the inhibition of prothrorrbm actiutior by ira'tirated 
human serum and by disodium phosphate Figure i, curve 1 shows the effect of 
roagncsium chlondc on the prothrombin activation of complement The clotting 
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tunc was reduced from ten to two minutes by the addition of o i ml of a M/800 
solution of magnesium chloride Curve z shows the effect of magnesium chloride 
in the presence of an inhibiting dose of inactivated human scrum which withont 
magnesium chloride gave a clotting time of fourteen minutes The inhibitory 
effect was neutralized b> magnesium chloride, maximum acuvation resulting with 
o 18 ml in three minutes Curves 3 and 4 show the effect of magnesium chJonde 
on inhibition by disodium phosphate One-tenth of a miUihtcr of a M/100 
solution of the phosphate showed a dotting time of fourteen mmutes This was 
reduced progrcssivdy with increasing quantities of magnesium chloride to two 
minutes With double the amount of disodium phosphate, prothrombin activa 
non of one hemolytic unit of complement was completely inhibited but twice the 
amount of added magnesium chlondc completely neutralized the effect of this dose 
These results suggested an equivalent relationship in the effect of these two salts 



Fio 1 — Cmvts X and i Effect of uuctisxted hntnaa scram on the enJunang action of nugnaiiffl 
chlonie in the prothrombin activation of compfemest. 

Ctrpis } 4. The effect of disodinm phosphate fNajHPOO 00 ttc enhanang acnon of magnenn® 

chloodc m the prothrombin acnvacion of complement. 


of maffiestum chlondc on the tnbtbittort of the bcTmlyttc activity of compliment J 
inactivated human serum and disodium phosphate ^figures z and 3) The ume requ) 
for 50 per Cent hemolysis m the absence of scrum and magnesium chlondc was ii 1 
minutes This was increased in the presence of increasing amounts of scrum w 
18 8 minutes with o z ml When this dose of inactivated human serum was test 
with magnesium chlondc in varyiog amounts, the inhibiting effect of ^e 
was neutralized by approximately o 35 ml of aM/ioosolution, and o 6nil ^ 
in a further enhancement as indicated by the reduction m time for 50 per a 
hemolysis to 11 minutes Similarly, in rests with the same quantity o 
ment and varying quantities of M/zo sodium phosphate, shght 
observed with o i ml and inhibition with larger amounts rive ten 
a milliliter required zz 5 minutes for 50 per cent hemolysis as 
part of figure 3 As shown in the second part of figure 3 , when 
of magnesium chloride vrere used with this dose of disodium p wp 
of an M/500 solution of magnesium chlondc completely ncutrali 
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effect of the phosphate and further enhancement resulted with increasing quantities 
up to o 6 ml 

Ejfett of magnesium Monde on the ttter of syphilitic sera as determined by the quantita- 
tively standardtifd complement-fixation procedure (table i) Under the conditions 



X . — The lahibiciDg effect of lotctivutcd htunan serum on hemolysis by complement 
The effea of ineetivsted humim serum on the enhancing icuon of magnesinm chlonde for hemolysis 
It complement 



fto 3 — The inhibiting effect of disoditim phosphate on hemolysis by complement. 

The effect of disodiom phosphate on the enhancing action of magnesinm chlonde for hemolysis br 
wnipIcmcDt. 

c™plo)cd in the test a linear relationship is observed bervseen the amount of 
complement required for 50 per cent hemolysis and the amount of scrum tested, 
the total change in complement actism or total fixation of complement is deter- 
mined by linear extrapolation The unit taluc as determined by titration of 
complement alone docs not represent the unit \aluc under the conditions of the 
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test, 1 c , in the presence of serum and antigen The cardiolipin antigen used in 
these tests has, in itself, little or no effect upon complement The serum of the 
test, however, has a variable effect Therefore the titer is taken as the ratio of 
the total change to the change resulting from incubation with semm alone In 
table I It may be seen that the total reaction of serum plus antigen observed with 
6 different sera in tests with and without magnesium, varied markedly but the 

, , , scrum -f- antiecn 

titers when expressed as the ratio ; — 2 — were essenuallv the same 

scrum alone 


Table i ■ T6< */ Tumt/J CompUment tn tht QiiaBltidlipt CcmpUimnl Eixtittn Tiit jer Syphil:t 


SeniiD no 

Complement nmt 

Reaction 

Sennn + mUitn 

Saline 

MgCb 

Saune 

Semm + antistn 

Sennn alone 

aemmalcoe 

Saline 

MfCli 

aallne 

Saline 

MpCU 

laline 

Saline 

ullBt 

174161 

0 0016 

0 00096 

75 

111 

1 19 

1 78 

60 

61 

174161 

0 0015 

0 0007 

74 

99 

1 3a 

j 54 


84 

1741.63 

0 oot6 

0 00096 

7a 

ii6 

I It 

1 78 

64 

70 

184441 

0 0015 

0 00088 

3 *-J 

434 

* 39 

t 00 

13*- 

“7 

191571 

0 0015 

0 00088 

A77 


1 78 

3 CO 

163 

150 

197004 

0 0015 

0 0010 

33 *- 

416 

1 60 

t 00 

107 

to 8 


Discussion 

The results confirm those of previous investigators* in showing the enhancement 
of the hemolytic effect of complement by magnesium They demonstrate also a 
parallel effect of magnesium on the coagulativc activity of scrum In both cases 
the influence of magnesium is inhibited by scrum and by disodium phosphate It 
has been suggested* that the greater effect of magnesium 10ns over calcium or other 
cations on the hemolytic activity of complement, implies its greater importance m 
this phenomenon Indeed the explanation has been offered that calcium may act 
by displacement of magnesium from a complex It should be borne in mind that 
the opposite may also be true, namely, that the enhancing effect of magnesium lous 
is due to a spanng of calcium 10ns from the scrum phosphates The fact that the 
addition of ionized calcium salts to complement docs not inacasc significantly 
Its hemolytic activity appears to render this explanation unlikely, but it is m 
determinate whether or not the addition of amounts of Ca++ equivalent to 
those that might be liberated as a result of the sparing action of Mg'^^wo^^ 
increase the calcium ion concentration of scrum On the other hand, the 1 ca 0 a 
spanng effect on calcium seems logical in relation to the clotting phenomenon, m 
which ionized magnesium salts appear to be inactive in the absence o ca nura^ 
The parallel behavior of magnesium in enhancing the clotting and comp 
activities of serum, and parallel behavior of disodium phosphate an 0 
antagonizing this effect suggest a common cause, whatever it ma) prove 

The use of magnesium chloride may introduce error into complement 
tests when the effect on the reaction of sj'philitic serum and autigen is n 
sidcred in relation to the effect on the reaction of scrum alone 
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Summary 

Magnesium chloride enhances the coagulation and complement activities of 
blood serum in parallel degree These enhancing effects arc inhibited by inacti- 
vated scrum or by disodium phosphate 

Distortion in the results of complement-fixation tests occurs with the addition 
of ionized magnesium salts to the system This is due to the antagonistic effect 
of the inactivated test scrum In the quantitatively standardized test, however, 
where the titer is expressed as the ratio of the reaction of scrum and antigen to that 
of scrum alone, the findings arc the same with or without added magnesium salts 
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THE ABSENCE OF THE PiETEROPHELE REACTION IN THE SPINAL FLUID 
IN INFECTIOUS MONONUCLEOSIS 

Commander Harold A Lyons (MC) USN, and Lt (jg) J Grant Harrison 

(MC) USN 

T he demonstration m by Paul and Bunnell* that the blood senun of 
patients with the sporadic form of infectious mononucleosis contained anti- 
bodies against sheep erthrocytes in concentrations far above a normal titer was an 
important advance in the study and diagnosis of this disease It gave a good test for 
the recognition of the individual case, allowed the linking of the sporadic and the 
epidemic forms of the disease* and permitted the establishment of certam epidemic 
fevers as infectious mononucleosis * The test has been reported to be positive in 
91. per cent of the sporadic cases/ and is consistently negauve when performed m 
many diseases Recently, Gntner and Fisher* have desenbed a case of chrome 
melioidosis with a persistently high hcterophile titer (None of the differential 
absorption tests described below were done 3 Even in those cases m which horse 
scrum was previously administered, the reaction can be diffcrcnaatcd from infec- 
tious mononucleosis by the appropriate methods * ** Condmons ptodnang 
Forssman type antibodies (such as E coli bacteremia, the use of parenteral hver 
extract, etc ) can be distinguished by the fact that the anabodies arc not absorbed 
by ox cells **“*’ In infectious mononucleosis, the antibodies are absorbed by ox 
cells but not by guinea pig kidney, whereas, in normal serum the antibodies art 
absorbed by guinea pig kidney but not by or cells These diffcrenaal absorption 
tests distinguish the various types of hcterophile annbodies ** ** 

Formerly, it was thought that the anubohes of infccnons mononucleosis were 
of the Forssman type, but now, it is definitely known that they are not The 
differential absorption tests described above distinguish the heterophilc annbodies 
occurring in various conditions from those of infecuous mononucleosis Warren' 
believes that the two types are interrelated, but this view is not widely held 
The spinal fluid has on occasion shown abnormalities The pressure may be 
moderately elevated Cell count increase is variable, ranging from twenty five to 
three hundred ccUs Lymphocytes usually predominate** This is , 

uncommon, as was found in our cases The spinal fluid sugar, and the 
content arc usually normal The protein, however, may be mercased an t 
Pandy Test strongly piosiuvc Usually, the increase in the protein is out 0 pro- 
portion to the cell count 

It IS interesting to note that although spinal fluid abnormalities ve 
studied m infecnous mononucleosis,**”*® httlc attention has been ‘****^^^ ^ch 
whether or not the heterophile anabody is present Slade** and Lan es, ^ 
and Perlow,** rcspccuvcly, found a negauve spinal hcterophile in one case 

From the hfcdiol Service, U S Naval Hosptal St. Albans, New TorL . opuuoos 

The opinions expressed by the svntcrs are their osvn and arc not to be taken as 
or poliaei of the Naval Serviee at large 
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normal spinal fluid findings of pleocytosis and increased protein, however, were 
present 

We have examined the spinal fluids in zo cases with positive heterophile ag- 
glutmaaons in the serum These findings are summarized in table i 
The spinal fluid abnormalities that occur ate similar to those reported in the 
literature by Thelander and Shaw^’ and Shafer and Weir,’* with pleocytosis and 


Table i — Serum and Spinal Fluid Finding m Infechens Menmuchisis 


Blood Serum 

Spinal fluid 

Heterophile Agglutinition 







Cell count 

Protein 

Su*ar 

Cblondes 

Case 

Titer 

I J B 

1 

I 112. 

0 

50 0 

S 5 

— 

J, G H. 

I 117. 

— 

64 6 


— 

3 L G 

I 488 

9CSL4S) 

37 1 - 


730 

+ M. M. 

I l 8* I i 79 xt 

— 

2-3 9 


— 

5 T S 

I 1340 

— 

19 3 


— 

6 D J 

I z8* I I Ilf 

3C3L) 

— 


— 

7 C H. 

I 1340 

0 

41 5 


— 

8 R. a 

I 1791- 

i6Ci6L^ 

^7 3 

47 5 

810 

9. A.M. 

I I 79 X 

13C9L 

— 

— 

— 

la A. S. 

I 199X 

0 

— 

— 

— 

II L. S 

I 876* I 99 xt 

301-3 

30 6 

6^ X 

_ 

11. R. E. 

I 14* I 448! 

— 

— 

— 

— 

13 R. M. 

I 896 

— 

— 

— 

— 

14- w 0 a 

I 14* I I79xt 

— 

— 

— 

— 

15 P P 

I 14 * I 448! 

— 



“ 

16 D K. 

I 448 

— 

— 

__ 

— 

17 D J 

I 56 

— 

— 

— 

— 

18 P D 

I 448 

0 

— 

1 — 

— 

19. R. N 

I 1340! 

15O5L) 

68 0 

45 

710 

xo.SK. 

I 4970 

0 

30 0 

53 

615 


L Lymphocyte 
S “ Segmented cell. 

— ■= Not done. 

1 56 poiinve dilution was considered a positive test 
Heterophile oter was negative in all instances 
* 1st wceL of illness 
t ind week of illness 

t Also had in the right lung a sohtary lesion of coccoididomycosis with a positive complement 
fixation and prcapitin titers for coccoididomycosis. 

•nercased protein as the outstanding features The cases described in this paper 
■"^cre free of any central nervous system manifestations As will be seen from the 
^blc, there is no correlation benvecn the serum heterophile agglutination utcr 
“nd the other spinal fluid changes Each case revealed an absence of heterophile 
^Bfilucinins in the spinal fluid 

Landes * commented on the lach of reports of spinal fluid examinations for 
nctcrophilc agglutinins As noted above, he and Slade demonstrated a lack of 
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hctcrophilc agglutinins in the presence of other abnonnaliaes This finding has 
been confirmed in the lo cases in the table, and if their z cases are inclndcd, it is 
true for twenty-two cases 

Each case had a diagnostic titer of heterophile agglutinins in the blood serum, 
although agglutinins were lacking in the spinal fluid, even when other abnor 
malities -were present Even in the presence of spinal fluid abnormalities, clinical 
evidence of central nervous system symptoms or signs were lacking, but this 
certainly does not preclude central nervous system involvement by the disease 
The converse also is true of infectious mononucleosis with cerebral signs and 
symptoms Such cases may yield normal spinal fluid studies^ or may parallel the 
neurologic involvement 

The central nervous symptoms that occur arc identified by various authors'* " 
as meningitis, serous meningitis, lymphocytic memngitis, metastatic enceph 
alomyelitis, encephaloneuronitis, encephalomyelitis, neuronitis, and Guillam 
Barr6 syndrome These various designations merely indicate the vaned ways 
that the central nervous system is involved in infectious mononucleosis Bcrccl" 
has demonstrated with electroencephalograms that encephalitic foci arc present 
with or without demonstrable cerebral symptoms 

The abnormal spinal fluid findings may thus be associated svith various types of 
involvement of the nervous system, or with none Whatever the heterophile 
antibody is in infectious mononucleosis, it does not appear to pass from the blood 
scrum into the cerebrospinal fluid Likewise, whatever the mechanism is m infec- 
tious mononucleosis that produces the not infrequently positive Wassermann 
reaction in the serum, it docs not affect the spinal fluid, for in all the studies this 
reaction has been consistently negative In what manner the other abnormal 
spinal fluid changes arc brought about is not known They may be due to the virus 
which IS the probable ctiologic agent of the disease or to a possible allergic reac 
tion The abnormal number of lymphocytes in the spinal fluid may simply be a 
reflection on blood lymphocytosis, or the lymphocytes may be squeezed out from 


the pcnvascular spaces , 

Jervis,*® in keeping with the allergic concept, produced an acute disscminat 
encephalomyelitis by injection of Forssman antibi^ics into the caroud 
guinea pigs He believed the Forssman antibody passed through an impai 
brain barrier However, in the experiments of Jervis, the giunca pig tissue, m 
eluding the brain, probably contams Forssman antigen with which the injcc 
antibody might well react Human tissues do not contain Forssman anti^o 
Recent electrophoretic studies of the scrum proteins throw some ig t 
subject of antigen-antibody reaction, but have not as yet been extensive 7 
in the spinal fluid *' It has been shown that the beta and 
proteins arc elevated, and that the heterophile reaction, like all anti ) rca 


IS due to this elevauon 

Because of the protein manifestations of infectious mononu ’ 
delayed development of the heterophile rcacuon or the lack o i ^ ^ 

scrum, abnormal spinal fluid findings might cannot aid 

heterophile antibody docs not occur in the spinal fluid reveals 


m the diagnosis 
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Summary 

The spinal fluid was studied m twenty cases of infectious mononucleosis proved 
by clinical picture, blood studies and serological examination It may be con- 
cluded that in acute cases of infectious mononucleosis, the heterophile antibody 
docs not pass into the spinal fluid, but that there may be an increase in cell count, 
particularly lymphocytes, and in protein content, which is not necessarily pro- 
portional to the cell count elevation These findings have no correlation with 
central nervous system signs or symptoms 
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A FACTOR IN SERUM WHICH ACCELERATES THE CONVERSION OF 
PROTHROMBIN TO THROMBIN 


n Its Evolution with Special Reference to the Influence of 
Conditions which Affect Blood Coagulation 

By Benjamin Alexander, M D , Andre de Vries, M D ,* and 
Robert Goldstein, M D 

With the technical assistance of Eunice Addelson and Elaine Promisel 

I N A PREVIOUS communicatioQ,^ a scrum factor was described which acceler- 
ates the conversion of plasma prothrombin to thrombin by thromboplastin plus 
calcium, and a method for its determination was reported This agent, labelled 
icrum Jirothrombin conversion accelerator (SPCA), is distinct from thrombin, 
thromboplastin and labile factor Insufficient data arc available to establish the 
identity or nomdcntity of this factor with scrum Ac globulin of Ware ct al ’ or 
Factor VI of Owren,’ substances with similar physiologic properties 
This paper presents data concerning the evolution of SPCA in human subjects 
nndcr certain conditions which affect blood coagulation Similar observations in 
vanous hemorrhagic disorders arc reported elsewhere m this issue ^ 

Method 

SPCA waj determined by t method based npon the effect of the admixture of serum on the prothrombm 
tune of normal plasma ' The activity of SPCA is expressed as the enhancement, in per cent, of the pro 
thrombm activity of a scrum plasma mixture over and above the algebraic sum of the prothrombin ac 
nvitics of each component Coagulation time of vrhole blood was determined by a modi&cation of the Lee 
and White method * 


Results 

Evolution of SPCA following Coagulation In previous studies, SPCA was demon- 
strated in scrum obtamed from normal blood i hour after coagulation ^ The amount 
of SPCA which evolves at various intervals after clotting is shown in table i 
Immediately after coagulation, SPCA is low, whereas, as has also been shown by 
other investigators,® scrum prothrombin is high Within 15 minutes , SPCA in- 
oteases concomitant with a decrease in scrum prothrombin activity During the next 
43 tninutcs, some prothrombin activity tends to reappear in the scrum, and SPCA 
activity tends to decrease somewhat 

formal Variation m SPCA and Serum Prothrombin The SPCA in 95 normal subjects 
one hour after blood coagulation varied between 43 and xyi (fig i) with a mean of 
99 4 The prothrombin activities of the same sera ranged between o and 31 per cent 

Ffom the Medical Rcjcirch Laboratonci Beth Israel Hospital and the I>partmcnt of bfedicin- 
H>mrd Medical School Boston 

, '• study supported by a grant from the Commonwealth Fund 
Aided by a fellosvship from the Rothschild Hadassah Umversity Hospital Jerusalem 
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(fig 0 With a mean of 6 4 No correlation was evident between the amotint of 
SPCA and the serum prothrombin-acavity, or the difference in prothrombin at 


Table j — SPCA Adhtlj at Varms Initrvals afitr CiMi*Ittin 


Interval ^ter dot 

SPCA 

Senun protb actrvltj 

min 1 

Pff ant j 

ptrctnf* 

<5 

>9 

4a 


95 

4 

30 

78 

ZI 

60 

SS 

'9 

110 

65 

16 

180 

77 

15 


* The prothrombin activity of normal plaima is conudered to be 100 per cent. 
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tivity of the plasmas and their respective sera Nor was there any apparent rcla 
between the clotting time in glass and SPCA or serum prothrombin 

Efftet of Acceleratvtg Qagulation It is well known that evolution, 

blood accelerates coagulation This procedure also accelerates 
increases the amount of it evolved and decreases residual sc P 
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activity (tabic z) Dcfibnnation of freshly drawn blood by vigorous shaking yields 
scrum which is very rich in SPCA and practically free of prothrombin activity 
The addition of rabbit brain thromboplastin extracts (prepared as for prothrom- 
bm determinations from Difco thromboplastin) to blood also accelerates its 


iiffflinsni 


Inm 


0 to to 40 40^ ^O'OO OO'lOO POOKO tZCmO 140^10 no^oo too-tto t20’t40t40‘tf0l»0'tt0 


SPCA * PER CENT 
Fio t 


Table l. — Efffd ej A^ttatten of Blood on Evoluiton of SPCA 


Eiperiment 

Remarks ^ 

SPCA (per cent) 

Scrum prothrombin 
activity (per cent) 


i 

Nod afit 

Agit i 

Non apt 

A^t, 

I 

Centnfuged and oxolatcd immci after 
coagulauoQ 

'9 

76 

41 

5 

II 

Centrifuged and oxalaced immed after 
coaguJaaoo 

2-7 

80 

51 

14 

III 

The agitated sample was dcBbnnatcd by 
shaking for 8 minutes, which was the 
dotuog time of the non agitated sample 

44 

100 

! 

1 

56 

1 

<3 


^^^gulation, increases in most instances the amount of SPCA* and at the same 
^*nic renders the scrum practicall) devoid of prothrombin actiMt\ (table 3) The 
4 ^cstion whether this effect of thromboplastin supplements is intimateK related to 

Strongly enough the addition of rabbit brain thromboplastin to freshly drawn dog blood results in 
^d SPCA in contrast to the effect on human blood 
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actual clotting was studied by adding thromboplastin to scrum The addition of 
thromboplastin to mnoxalattd serum increases the amount of SPCA activity m 
contrast to ivhat obtains with oxalated scrum The scrum prothrombm activity was 
unaffected in i expenment and decreased slightly in another, but was always 
demonstrable whereas the scrum from blood clotted with thromboplastin supple 
ments was always devoid of prothrombin activity 
SPCA has been shown to be disunct from thromboplastm ‘ Nevertheless it is 
conceivable, in view of evidence that thromboplastin is not consumed danng 
coagulation,’ that the enhancement in SPCA induced by additions of thrombo- 
plastin might be related to tmeonsumed thromboplastm remainmg in the scnim 
Experiments, designed to explore this possibility, revealed that thromboplastm, 
added to oxalated scrum, in proportions comparable to those added to blood not 
only failed to increase the SPCA activity but in some instances decreased it * 


Table 3 — of ThromhoplMStw Supplements to Freshly Drutun BJoed n the Evelutetn of SPCA 


1 

Experiment 

Without Thfomboplftstin 

1 With Throcnhopliitin 

1 

a T 1 

1 

SPCA 

Serum proth 
activity 1 

a T 

1 

SPCA 

Serum preth. 
tchrirj 



ptr Ctnt 

ptr ctnt 

mmm 

ceni ^ 

ftraii 

I* 


IXl 

4 


300 

0 

II* 


■*6 

13 



c 

m 


H 

16 


JOJ 

0 

rvt 

■■ 

74 

S’- 

KB 

t-p- 

D 


* Serum withdrawn and oxalated i hoar after coagnlanon. 
f Serom withdrawn and oxalated immediately after coagulaaon. 


Effect of Eetardtng Coagulation Prothrombin ucavity and SPCA were measured m 
the scrum from blood drawn and allowed to clot in sihconized apparatus according 
to the technic of Jacques et al ® Parallel with retardauon of coagulation the scrum 
showed abnormally high prothrombin activity and small amounts of SPCA 
The effect of heparm was also investigated A fixed volume of venous blood was 
added to increasing concentrations of the anticoagulant (table 4) Although coa^ 
lation was retarded substantially in the first two samples, SPCA and protl^m m 

activity of their sera were unaffected At larger concentrations of hepannSP W 

markedly reduced and residual prothrombin activity was abnormally hig 
appears that the smaller concentrations of heparin increased anuthrombm acavity 
without affecting the speed or the amount of prothrombin conversion to om 
With larger amounts, this phase of coagulation was also disturbed 
To prove that the above observations were not attributable to 
over into the scrum, experiments were performed in which the 
added to plasma mixtures in concentrations which would obtain t c s 
tamed all of the hepann unaltered The anticoagulant failed to affect 
the prothrombin acnvity of the plasma mixtures even m those con 

* Thiomboplisaa added to oxalated dog teram alwaya decreaied its SPCA. acnvity 
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which retarded coagulation of fresh blood markedly * It is accordingly evident 
that the above observations are not artifacts referable to the mere presence of 
hepann m the serum-plasma mixtures upon which prothrombm acavities were 
dctenmned 

Qot Accelerating Effect of Serum x o cc of blood from a normal subject were added 
to o I cc of oxalatcd serum prepared in the usual manner but subjected to incuba- 
tion (37 C) for two hours in order to assure maximal inactivation of thrombin 
Its SPCA activity was 173 The clotting time of the normal blood-serum mixture 
was 3J minutes contrasted with a clotting time of the blood alone of iz minutes 
This clot accelerating effect was not due to thrombin since the same serum added to 
oxalatcd normal plasma (i part scrum to 10 parts plasma) failed to induce clotting 
in 3 hours whereas approximately 5 umts of thrombin to i o cc of plasma clotted 
the mixture immediately It is noteworthy that the scrum obtained from the whole 


Table 4, — SPCA Evclutton and Pjiidgal Serum Pretbremhin AAtetIjr tn HepurtntCfJ Bleed 


Hep added 

a T 

SPCA activity 

Serum proth activity 

»«tti fee 2 a Meed 

ntn 

fxr cent 


0 

3 

59 

14 

0 16 

IZ 

63 

3 3 

0 31 

15 

93 

3 0 

0 63 

15 

83 

8 0 

r 15 

3 S 

8 

90 0 

I 66 

54 

>3 

80 


* The pUsmi prothrombm acavity of thij blood was 90 per cent of normal. 


hlood-scrum mixture whose clotting was accelerated did not show greater SPCA 
than the scrum from the blood allowed to clot alone 
SPCA tn Subjects Receiving Dtcumarol It was of interest to investigate the relation 
between the amount of prothrombin available for conversion to thrombin and the 
evolution of SPCA The concentration of this factor was followed m a subject who 
received dicumarol for treatment of myocardial infarction f The administration 
*od withdrawal of the drug affected plasma prothrombm concentration and SPCA 
activity in the same direction (fig 3) Similar results were obtained in a normal 
dog which received dicumarol parcntcrally 
Hypoprothrombinemic blood from 2.6 subjects with myocardial infarction who 
received dicumarol for treatment]: was studied Their plasma prothrombm conccn- 
^tions were between 3 8 and 10 per cent of normal (mean 7 i) The SPCA s ranged 
octween 8 4 and 43 (mean 25, S D 9 7) The scrum prothrombm activities were 
“dually less than that of normal scrum, never cxcccdmg 4 per cent 

^ ipptan that the antithrombic action of bepano in these concentrations docs not infloeccc the 

prothrombm timej nurLedI} 

t This patient showed no additional mamfestatioD of phlebothrombosis o thromboembolism 
t rrtofa stud) supported tn theU S P H on the effect of dicumarol on the thrombonc complications 

of “Tocardial infarctior 
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In View of the observations that thromboplastin added to freshly drawn blood 
resulted in much greater SPCA, similar experiments were done on hypoprothrom 
bincmic blood from 8 subjects SPCA was increased substantiallj in only two in 
stances, although clotting was accelerated not only in these cases but also in those 
where SPCA was unchanged 


d I c u m a r 0 I 
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Discussion 

The ranges of both serum prothrombin conversion accelerator and residual pro- 
thrombin activity in serum removed and oxalatcd one hour after coag^tion av 
been delineated The explanation for the wide variations is obscure Two tacio 
just be considered in SPCA evolution (i) speed of prothrombin conversion 
thrombin and (O the absolute amount of prothrombin converted From tbe res 
obtained with mechanical agitation of, and with thromboplastin supp emcn 
clotting blood, it is evident that accelerating coagulation increases ' ° , 

SPCA formed Inhibition of clotting b) large amounts of hepann or > si 

apparatus suppresses SPCA evolution „,i,r.nn more 

It should be pointed out that concomitant with accelerating ^ 

prothrombin is converted to thrombin as evidenced by less prot ro 
Laming in the serum Conversely more serum prothrombin - whj^; 
lation is retarded b) silicone or large amounts , related to the 

conditions the substantial residual serum prothrombin coagulation 

decreased SPCA or whether it, too, is simply a reflecuon of th 
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requires elucidation It would appear from experiments on dicumarolized blood that 
the total amount of prothrombin converted to thrombin plays an important role in 
the total amount of SPCA which can be evolved This is predicated upon the as- 
sumption that dicumarol docs not decrease, simultaneously with plasma pro- 
thrombm, a precursor of SPCA The validit} of this assumption, however, has yet 
to be substantiated ’ 


It IS known that the coagulation of dicumarolized blood is prolonged under 
ttrtam conditions ** That this degree of retardation per sc cannot, however, 
explam the low SPCA of serum from dicumarolized subjects is indicated by the 
inability, in most instances, of increasing SPCA development by accelerating co- 
agulation of dicumarolized blood with thromboplastin 
It therefore appears that the amount of prothrombin converted to thrombin is 
One of the factors determining the amount of SPCA evolved Another determinant 
IS the velocity of prothrombin conversion Both depend, inter aha, upon the con- 
centrations of prothrombin and thromboplastin That no correlation was evident 
between SPCA and the plasma-serum prothrombin activity difference in normal 
subjects may be referable to variation from individual to individual m the rate 
with which thromboplastin evolves after blood is shed 
An mcrement in SPCA, similar to that induced by thromboplastin added to 
freshly drawn normal blood, can also be produced by adding tromboplastin to 
scrum which contains small amounts of prothrombin activity That this enhancing 
effca IS not obtainable if the serum is oxalated prior to the addition of the thrombo- 
plastin suggests that calcium is rcqmred for SPCA formation It is stnkmg that 
substanual increments in SPCA are thus obtained although only slight amounts of 
additional prothrombm are apparently consumed 
"rhe in vitro action of hepann is of particular interest Moderate amounts of the 
anticoagulant retard coagulation without, however, affecung either the amount 
of SPCA evolved or the amount of prothrombin which is consumed during coagula- 
tion If anything, prothrombin consumption is increased, probably as a result of the 


greater interval provided by the retarded coagulation for the reaction to proceed 
Although the anticoagulant is said to have antiprothrombicW as well as anti- 
rbfombic” properties, moderate doses seem to act by enhancing the latter Larger 
doses retard coagulation also by inhibiting the evolution of thromboplastm from 
platelets or fay otherwise preventing the conversion of prothrombin to thrombin 
Concomitant with this, SPCA evolution falls off 
Of fundamental importance is the ability of serum to accelerate the coagulation 
of whole blood Its practical significance derives from the realization that this may 
^0 mechanism underlying clot propagation in vivo 
^rombin has been excluded as the clot promoting agent in serum Since, however, 
>1 has been shown that thromboplastin is not consumed in the process of blood 
coagulation, it IS possible that the clot accelerating action of scrum is due to 
'‘^consumed thromboplastin liberated dunng blood coagulation That thrombo- 
P *stin can thus be implicated is highly unlikely since scrum has only slight effect 

C'o the clotting time of hemophilic blood, which is icry sensitive to thrombo- 
plastin >1 
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The value of dicumarol in the prevention and treatment of thromboembolism 
may well be related to its interference with SPCA. evoluaon 

SCTMMART 

^ The evolution of a factor in serum which accelerates ptothrombm conversion 
to thrombin has been studied in normal subjects 
L Mechanical agitation of fresh blood or the addition of thromboplastm supple- 
ments increases the amount of SPCA evolved and decreases the amount of pro- 
thrombin activity remaining in the scrum 

3 Retarding coagulation by large doses of hepann or by handling the blood with 
sihconized apparatus decreases SPCA evolution and increases residual scrum pro- 
thrombm activity 

4 Hypoprothrombinemic blood rcsulang from dicumarol admmistration evolves 
subnormal amounts of SPCA during its coagulation 
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A FACTOR IN SERUM WHICH ACCELERATES THE CONVERSION OF 
PROTHROMBIN TO THROMBIN 

IE Its Relationship to the Coagulation Defect op Thromdocytopenic Blood 

By Benjaaon Alexander, M D , and Andre de Vries, M D * 

With the technical assistance of Eunice Addelson 

T he exact rolc of the platelet in blood coagulation is the subject of consider- 
able controversy Although thrombocytopenic plasma exhibits retarded coagu- 
lation, a prolonged clotung time is rare in thrombocytopenic purpura This 
has been explained by the theory that even in severe thrombocytopema sufficient 
thromboplastin is elaborated to produce normal coagulation * In any event, the 
hemorrhagic manifestations of thrombocytopenic purpura have generally been 
asmbed either to a great reduction in blood platelets, to capiUary dysfunction® 
or to madequate clot retraction rather than to abnormalities in coagulation itseE 
It is the purpose of this paper to present observations which indicate that the 
coagulation of thrombocytopenic blood is profoundly disturbed 
fn a previous communication ‘ zn agent was desenbed in scrum which acceler- 
ates the conversion of prothrombm to thrombin in the presence of thromboplastin 
plus calaum While insufficient data are available to establish the identity or non- 
Hcntity of this substance with other factors reported to have similar attributes,® * 
some of Its biochemical and physiologic properties have been described, a method 
^or Its determination given, and its elaboration in the coagulation of normal blood 
delineated 


Methods 

»gent, /crum Jrotlirombin conversion accelerator (SPCA), is measured by the enhancement m per 
““t of the prothrombm activity of normal oxalated plasma indnced by the admixture to it of serum 
obtained from the blood in question one hour after coagulauon ' Before the test, the scrum is oxalated 
incubated for one half hour m order to inactivate thrombm 
'^e prothrombm activities of plasma and serum were determined by modifications of the one stage 
Procedure*, coagulation time was measured by a modificaaon of the Lee and White technic.^® Platelets 
raumetated by the method of Rees and Eclcer," and bleeding ume was determined by the Duic 

tnethod '• 


Results 

Ten subjcctsf with thrombocytopeme purpura were studied (table i) All had 
platelet counts below 100,000 per mm ® The mean SPCA activity was 33 per cent in 
contrast to 99 for 95 normal subjects previously reported (?} The residual scrum 

Prom the Medical Research Laboratory Beth Israel Hospital and the Department of Medicine Har- 
^®^Medical School Boston Mass 

* ‘opported by a grant from the Commonwealth Fund 

I td by a fellowship from the Rothschild Hadassah Hospital Jerusal-m 
I 'are indebted to Drs William B Castle and Robert Epstein for generonsl) mating available some 
*ud facilities of the Thornditc Meraonal Laboratory Boston Oty Hospital, Boston 


747 



748 


SERUM FACTOR ACCELERATING PROTHROMBIN CONVERSION IH 


prothrombin activitj averaged 50 per cent* compared with 6 per cent for nornul 
individuals The algebraic differences between plasma and serum prothrombin 
activities averaged 37 3, whereas in normals they average 90+ 


Table i — Pntbr^fnbtn CcnSMmpttan smd Epalxtion »f Sersm pTcibT§mhin Ctaem/eg ta CiJiuUitn 

•f Tbrombocytoptnu Blood 


SnbJ 

Disease 

Plat 

Bleed 

Clot. 

Prothrom icUrity 
per ctDt 

SPCA 






Plasm 

Ser 

PUi 

Ser 

R. P 0+ 

Idiopithic thromb parpnri 

ikomj 

ptT 

mm * 

•3 

mn 

4 

piim 

13 

97 

47 

50 

hr 

mJ 

19 

H J 0+ 

Idiopathic thromb purpura 

xx 

>10 

11 

1x0 

77 

43 

11 

D 0 — ► 

Idiopathic thromb purpura 

II 

14 

lli 

100 

35 

45 

37 

M. 0+ 

Idiopathic thromb purpura 

97 

— 

II 

71 

10 

61 

33 

C. G 0+ 

Idiopathic thromb purpura 

70 

4} 

9 

141 

12-7 

14 

18 

M. S 0+ 

Idiopathic thromb purpura 

30 

30 

10 

110 

80 

40 

M 

B M. 0+ 

Cirrhosis, splenomegaly 

69 

5} 

»4 

9 fi 

1-5 

7 ^ 

34 

S S 0— 

Hodgkin s dis Nitrogen mus 

7S 

£ 

11 

60 

67 

0 

n 

W 0+ 

tard therapy 

Gaucher s disease 

67 


16 

65 

58 

7 

13 

X. 0+ 

Multiple myeloma 

94 

— 

— 

58 

47 

11 

38 


* All vilncs corrected for ddaaoa ^vIch oxalftte 


Table a- — N’^t/wa/ PUma, Plsitlets or Tbromhoplssitn on Coainloison of TbromiooUpoiK BluJ 



Platelet 

Gottfot 

time 

SPCA 

Serum 

proti 

activity 

FUsfflA 

mifivs 

senim 

protb 

ixtirity 


fJkxmfamls 


per croS 

per cent 

petttei 

Blood alone 

per mm * 

60 

Mi 1 

a8 

87 

■3 

X cc. blood plus 0 I cc. normal plasma 

74 i 


34 

3 >- 

30 

38 

1 cc blood pins 0 x cc. normal plasma 

87 i 


47 

44 

1 cc. blood plus platelets from 0 1 cc, normal 
plasma* 


4 

38 

VO 

48 

Patient C G Idiopathic Thrombocytopenic Purpura 




Blood alone | 

70 

9 

18 

“3 

3 

lOI 

X cc. blood plus ai cc thromboplasnn sol f j 

70 

<i 

165 

17 


• I o cc oxaljitcd plisma was ccotnfagcd at 3000 r p m lor 30 minutes c. of phruo- 

was decanted and the sediment suspended by sorting and vigorous id i o c 

logic saline 0.1 cc. of the mixture was added to x cc. of the paoent s Uo prothrombifl 

f Thromboplastin loluoon prepared from Difco commcraal thrombop ason 

dctcrminaaoD • 

No strict correlation was evident between the bleeding time or 
the one hand and the SPCA or residual serum prothrombin actnit) 

• Normal plaima is considered to hive lOO per cent prothrombin activii7 
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although those subjects with the highest platelet counts seemed to have the highest 
SPCA activities The coagulation times of most of the patients were within the 
accepted range of normality 

The addition of normal oxalated plasma, platelets or thromboplastin extract to 
shed thrombocytopenic blood accelerated coagulation, increased prothrombin 
consumption, and increased the amount of SPCA evolved (table z) 

Of considerable interest are the observations in one subject with idiopathic 
thrombocytopemc purpura before and after splenectomy (table 3) Despite the fact 
that the platelet count and the bleeding time returned to normal following the 

Table 3 — FlattUl Ccunt, Serum Pretbromhin, und SPCA Pellowtn^ Splemetemy fer Ideofatbie Thremhe- 


cytifenec Purpura 
Subject M. S 


Cite 

PUteletl 

a T 

B1 T 

Prothrombin 

SPCA 



PlumA 

Scrum 


thousands per mm * 

min 

mtn 

per cent 

per uni 

per cent 

6/1 1/^8 

30 

10 

3 ^-+ 

100 

73 

M 

6/iz 

6/30 

7/i 

7/1* 

6 q 

Mi 

— 

8 l 

37 

39 

3° 

Splenectomy 






59 

— 

*•5 

— 

43 

XX 

7A 

188 

11 

3 i 

71 

39 

8 

7/3 

178 

— 

3 i 

81 

16 

’•9 

7/6 

7/8 

183 

— 

4 

1x6 

15 

43 

310 


X 

91- 

’9 

30 

7/10 

ii6 

18 

3 

94 

31 

51- 

7/16 

3 IX 



31 




8/5 

xoo 

— 

IX 

— 


— 

8/18 




9 

— 

— 

— 

8/14 

48 

— 


58 

46 

35 


Splcmc artery blood obtained dnnng the operauoa 


procedure, there was practically no change in the SPCA Residual scrum pro- 
thrombin did, however, decrease somewhat, but as the patient relapsed about one 
month after operation, it again increased 


Discussion 

Evolution of SPCA during coagulation is enhanced by supplements of thrombo- 
P *ttin to, or by mechanical agitation of, clotting blood ’’ Conversely, it is 
m^kcdly reduced by inhibiting coagulation by exposing blood to siliconized 
rticcs, a condition which interferes with thromboplastin elaboration Con- 
r^oimtantly, residual scrum prothrombin activity is greatly increased 

t similar observations in thrombocytopenia indicate that a decreased number 
P atclcts IS associated with insufficient evolution of thromboplastin This results 
*hnormallj small prothrombin conversion to thrombin associated with inadc- 
'I'mte SPCA evolution, as a consequence of which the conversion of additional 
tombin to thrombin is retarded That the clotting times vcrc csscntiallj 
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normal despite the clotung defect reflects the lack of sensitivit) of this tat 
Similarly m dicumarolized plasma the coagulation time is, more often than not, 
normal while SPCA is small ’ And in hemophilia” comparable abnonnalitia in 
residual prothrombin activity and SPCA elaboration are observed even when the 
clotting time is restored toward normal by the addition or normal plasma or 
thromboplastin extracts These observations are understandable when it is realized 
that in the coagulation of blood only a very small fraction of the total plasma pro- 
thrombin need be converted to thrombin to give a normal clotting time “ 

From the experiments on one subject before and after splenectom) it appears that 
restoration of the platelet count to normal did little to remedy the dotting defca 
What relation this had to the prompt relapse of the thrombocytopema with climcal 
manifestations of bleeding is obscure and demands further ciporauon It seems 
that although the patient had a normal number of circulatmg platelets following 
operation, they may not have been qualitauvely sausfactory for rectifymg the dc 
feet in coagulation This is substantiated by the fact that the addition of normal 
plasma or platelets therefrom to the blood of this same subject corrected the 
abnormality Such a concept is in accord with interpretauons by Aggeler et al of 
evidence regarding variability in the functional capacity of platelets “ 

The significance of these abnormalities in the pathogenesis of the hemorrhagic 
phenomena of thrombocytoperue purpura requires further investigation According 
to Allen et al a arculating hepiann-like anucoagnlant may be present in idio- 
pathic thrombocytopenic purpura The dotting defect observed by us m this disease 
cannot be attributed to hepann since we found’ that the addition of moderate 
amounts of heparin to freshly drawn normal blood so as to retard coagulation sub- 
stantially failed to inhibit SPCA evoluuon or prothrombin conversion to thrombin 


SUMMART 

The sera from thrombocytopenic blood show abnormally large residual 
thrombin activity and small amounts of prothrombin conversion accelerator e 
addition of normal platelets or thromboplastin corrects these abnormahties In ^ 
subject the dotting defect persisted despite temporary remission of the throm 
cytopcnia consequent to splenectomy 
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STUDIES ON HEMOPHILIA 


V The Coagulation Defect in Hemophilia with Paetichlae. Refemnce 
TO THE Conversion op Prothrombin to Thrombin and the 
Evolution op the Prothrombin Conversion Accelerator 

Benjamin Alexander, M D , and Andre de Vries, M D * 

With the technical assistance of Eunice Addelson 

M ost investigators agree that the conversion of prothrombin to thrombin is 
retarded in the coagulation of hemophilic blood This is reflected in the 
high prothrombin activity of hemophilic scrum * ’ The clottmg of hemophilic 
blood can be accelerated by the addition of thromboplastin, normal plasma, or 
fractions thereof Bnnkhous' and Quick’ reported that such addmons simol 
tancously increase prothrombin consumption The latter author used this effect as a 
basis for assay of the antihemophilic activity of normal plasma 
Recently, substances have been described which, ansing in blood during its 
coagulation, accelerate the conversion of prothrombm to thrombin in the presence 
of thromboplastin plus calcium ’ ‘Their evolution and physiologic properties help 
explain the autocatalycic process underlying thrombin formauon In a previous 
publication® and elsewhere in this issue* ’ we have reported on rerum prothrombin 
fonversion accelerator (SPCA), delineating its evolution under vanous conditions 
in normal subjects and in patients with thrombocytopenic purpura This report, 
concerning similar studies in hemophilia, presents data indicatmg that in the 
elaboration of this clotting factor, also, the coagulation of hemophilic blood is 
abnormal 


Methods 

Plasma and semm prothrombin activities and SPCA ivtre determined by raethodi prenomlf de- 
scribed * In normal subjects * serum prothrombm acavtty ranges between 0-31 (mean 6 4), SP^ 
between 43-1.71 gj) In some cipenmencs prothrombm was simaltanconslF mearored 7 

modified two stage method of Jaques • nimg Parle Davis Topical Thrombin as onr stand 

Qotung time was determined bg a modificauon of the Lee and White method * In out cipmente 
value in go normal individnals was between 4 and 11 minutes (mean 77 S D , J 7O 


Results 

Serum Prothrombm Activity and SPCA tn Hemophilia The jfj 

sera removed and oxalated one hour after coagulation from hemop^ 1 m 
abnormally high This is in accord with the observation of others onve > 
the SPCA activities arc abnormally low (table 1) No correlation was evi 
tween the coagulation umc and these scrum entities 

From the Medical Research Laboratoiy Beth Israel Hospital and the Departm 
Harvard Medical School Boston, Mass 

This studg supported bg a grant from the Commonwealth Fund Imualcm 

• Aided hy X Fellowship from the Rothschild Hadassih Uoivcrsity osp * 

752- 




' °Vw?^ J°‘' "«»/as:on one d, '° ”°'’“*^ »“b;«tO wiuci. 

-:s:s£»- -w 

__ Adhny, „j SPCA ,; 

-----____J____^Pn>th .ctfvitj- 



“^fcT^r- — ~— i— _ ^°*'‘=- '5° I ^ — 

*'“°ont „f '°"''>opW^ « ° 



754 


STODESS ON HEMOPHILIA V 


Effecr ef Accelcrattni, Coa^latton on Eistdual Serum Pntbnmitn Aceititj and 5 PCM 
Evoltttton Ih normal subjects, accelerating coagulation by the addiuon of thrombo- 
plastin increases SPCA and removes the last traces of serum prothrombin anivity 
Restoring the clotting time of hemophilic blood to normal in vitro by the addiuon 


Table 3 ■ 


-Effect tf Aaelerttinf, Cta^edtiitn »/ Htmefhilec Bltti bj AJdiittns »/ Hrmri VUmt 11 VSet 
»ni to Vert n> EtseJuMl Serum Prethremhin Actetilj tnd eg SPCA Eet/eiieg 


Sabj 

Nortn pkj to 

2^ cc. nemopih blood 

a T 

One tUre acr 
pToth »clivity 

SPCA 

la Vitro 


cc.\ 

mis 

^ ctni 

per cent 

R. R, 
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S 8 

74 

7 


0 0005 
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78 
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0 001 
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£1 
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0 010 
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60 
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0 ZO , 

S 

43 

1% 

L G 
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11 


0 10 j 
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>5 


0 xo 1 

9 

4 ? 

41 

J G 
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^ 1 

00 

>.|B| 

130 
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0 OOI 1 

SJ 

iM 
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0 OOJ 

> 33 

114 



0 010 

! 

118 



1 0 10 

! 7 

”5 


In Vivo 


1 Plistoi IntrEvttt.* 


1 

1 

1 


ce 




R- R. 

0 

60 

94 

13 


180 

15 

41 - 

18 


0 

■ izo-j- 

68 

8 


700 

11 



LG 

0 

53 

108 

6 


150 

*4 

58 

30 


inInatM Bftcrinfnnon w« completed „ ofiuUncioluBOO 

I Xhe imaaaa of norm*! pluma added were contained in a TOlome ol 0.1 cc 

of small amounts of thromboplastin fails to lower residual sci^ 
activity appreaably, SPCA concentration is also unaffected cff i 

larger amounts of thromboplastin arc supplied, both prothrombin ,5 

SPCA evolution may be greatly increased, attaining normal va um^ j^rorabin 
striking, however, that in two subjects substantial J ,80 

activity were still demonstrable although the parent bio 
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seconds or less This is in marked contrast to what was observed in normal 
subjects • 

Restoration of the clotting time of hemophilic blood toward normal by the 
in vitro or in vivo addition of normal plasma decreases residual serum prothrombin 
activity substantially in some cases but it rarely reaches normal values (table 3) 


XiBUE — JitsiJuil SiTkm Prelhtmhitt Atticity in Htmiphilia as Dttir mined hj the One St ape and Twe 

Stage Praadnres Suhjesi K R 

Prothrombin 



a T 

One sU^e 

Two 

SPCA 


PlaSEDft 

Semm 




mtn 

fer ctnl 

per cent] 

units 

units 

per ceni 

Blood spoQt- dotted, no additions 

1*0 cc. blood plus 0 COOL cc. chromboplasciQ in 

60 

5° 

55 i 

1 

IXI 

< 35 t 

17 

o-i cc sahne 

rS 1 


70 

xai 

< 55 t 

0 

Hood spont. dotted no additions 

ICC blood pins o ox cc normal plasma in 0.1 cc 

XI4 1 

i 

50 

^5 

1 

“4 

■ 

13 

sshoc 



1 5° 

mi 

■ 

i 50 


* I hour after coagolanon 

t How much lejt could not be ascertained because less dilution would have been required 
which would introduce errors due to anotbrombin activitf 
t Computed bj- subtracting plasma prothrombin from the prothrombin determined in a one to 
one mixture of plasma plus serum This was an attempt to arenmvent the above difficulty 

Tajle 5 — Acaltrateag Effect ef Ntrmal Serren and Plasma ta Ceagedatm ef Himefiilie Bleed 
Hemophihc Subject R. R. 

^^^valatcd plasma and oxalatcd serum from normal subject. The SPCA activity of the semm 

was loa. 


Add&d to 3 0 cc heinot^ blood 

a T 

cc 

min 

0 

60 

0 001 icnim 

! 43 

0 01 scram 

1 ” 

0 001 plarma 

! 33 

0 oi plasm* 

! ^ 





SPCA, however, nscs only slightly, even when as much as 700 cc of normal plasma 
*fc infused It is noteworthy that in other individuals coagulation may thus be 
accelerated without any demonstrable change in residual scrum prothrombin 
*cavjty Q G , table 3) Also, even when scrum prothrombin activity is decreased 
) the addition of normal plasma (R R, table 3), the change is far less marked 
^ w the decrease in the clotting time 

ffect of Normal Serum on Coagulation of Hemofbtltc Blood The addition of normal 
*crum, containing substantial SPCA activity, to hemophilic blood (table 5) 
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STUDIES ON HEMOPmUA V 


accelerated coagulation only slightly as compared with the clot promotmE effect 
of the parent plasma 

ResiJual Scrum Prothrombin Activity in Hemophilia as Determined by the One end the 
Two Stage Technics Hemophilic plasma, and sera obtained one hour after coagula 
tion were subjected to simultaneous prothrombin dctcrminauon by both the one 
stage and the two stage technics Whereas by the one stage procedure serum 
prothrombin activity was no less (and occasionally was even more) than that of itj 
parent plasma, by the two stage method serum prothrombin activity was markedly 
less (table 4) 


Discussion 

That hemophilic sera contain large amounts of prothrombm has been repeatedly 
observed ’ * The abnormally small evolution of serum prothrombin conversion 
accelerator during the coagulation of hemophilic blood indicates an additional 
coagulauon defect which may play a significant role in the pathogenesis of the 
hemorrhagic phenomena in this disease It is sinking that in thrombocytopenic 
purpura, also, both high residual scrum prothrombm activity and low SPCA. are 
found ’’ Similarly, SPCA concentrations arc decreased in the sera of blood rendered 
hypoprothrombincmic by the administration of dicumarol • The possibdity must 
be considered that subnormal SPCA elaborauon is the common denominator 
underlying the hemorrhagic tendency of these various disorders 
The addition of small amounts of normal plasma can accelerate the coagulation 
of hemophilic blood without appreciably affecting the apparent prothrombin 
activity remaining in the scrum This clot promoting effect is not due to thrombin 
evolved from the small amount of prothrombm contained m the added normal 
plasma since frothrembm free plasma also shows full clot promotmg acnvicy ” It 
appears that the normal plasma acts by accelerating the evoluuon of thrombo- 
plastin * This induces prothrombm conversion to thrombm m amounts sufficient 
to clot the blood m a relatively normal time Since no more than t of the ap- 
proximately 150 units of thrombm which can be formed in 1 cc of normal plasma 
arc required for this purpose,^' it is understandable how the coagulation time 0 
hemophilic blood can be brought within normal hmits by small additions 0 
normal plasma, or mdeed of thromboplastin, without significantly decreasing 
residual serum prothrombm This point has been emphasized b> Quick * 

The above facts may also explain the frequent clmical observation that emo- 
philiacs may continue to bleed despite relatively normal coagulation times in 
duced by therapy with blood, plasma, or plasma fractions 

Quick has reported a method of assaymg antihemophihc activitj p asraa / 
Its ability to induce substantial prothrombm consumption when added to emt^ 
philic blood ’ This method is less sensitive than the procedure of Aiexan 
Landwchr'* which is based upon reduction in the coagulauon time since c 
can be significantly accelerated by much smaller quanuncs of norma p asma 
arc rcqmrcd for significant alterations in prothrombin consumption 
An additional criticism of Quick s method anses from the 
prothrombm activity as determined by the one stage and two stage pro« 
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This IS of great mtcrcst and demands further investigation Until it is satisfactorily 
ciplained, computations of prothrombin consumption from differences between 
plasma and scrum prothrombin activity arc to be interpreted with caution 

The addition of large amounts of thromboplastin to normal blood results in 
serum which is devoid of prothrombin activity ' That, in contrast, the sera of some 
hemophiliacs retain considerable prothrombin activity despite the fact that 
coagulation is extremely rapid consequent to the addition of thromboplastin 
indicates that clotting is still abnormal and suggests that deficient elaboration of 
thromboplastin is not the sole defect, at least in some cases, in the coagulation of 
hemophilic blood The recent evidence regarding anticcphalin'* and an antico- 
agulant in the nature of an immune body” may bear on this point * 

Conclusions 

ft has been confirmed that hemophilic scrum exhibits considerable prothrombin 
activity The clotting time may be restored to normal by the addition of normal 
plasma or thromboplastin without affecting residual scrum prothrombin activity 
significantly 

L In contrast to normal, hemophilic scrum is relatively incapable of accelerating 
the conversion of plasma prothrombin to thrombin in the presence of thrombo- 
plastm and calcium This defect also persists despite acceleration of coagulation 
to normal by additions of normal plasma or thromboplastin 

3 Serum from hemophilic blood which clots rapidly in the presence of large 
supplements of thromboplastin may still retain substantial prothrombin activity, 
whereas under the same conditions normal scrum is devoid of prothrombin activity 

4 There is a marked discrepancy between the prothrombin activity of hemo- 
philic scrum as determined by the one and the two stage procedures 
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LYMPHATIC LEUKEMIA IN ETOMACH CANCER 


for persistent diarrhea but steadily became more feeble The treatment was chiehy dteteac, and radunon 

treatment was not given The leukocyte count remained low in October 1945 for instance a,ifo r« 
cu ram , with lymphocytes 74 per cent, in August 1947 4 joo with lymphocytes 14 per cent Ihe staml 
marrow was heavily infiltrated with lymphocytes In September 1947 he died Only partial netropw 

lias performed A firm annular infiltrauon extendmg a little above and below the pylorus was foLl 
in the stomach Its surface was somewhat ulcerated There were numerous lymph nodes m the mesemay 

The liver was not enlarged and the spleen weighed 315 Gm Histologic examination revealed an adtno- 
carcinoroa in the pyloric region There iverc histologic changes in the spleen liver, mesenteric Ijmpli 
nodes and colon consistent with lymphatic Iciilccmia In the liver only very slight pcnportil infiltrauaai 
were noted There were no metastascs in the organs examined 

Cemmmt In this case a typical lymphatic leukemia with charactcnsuc blood 
picture was demonstrated in 194^ The anamnestic data make it probable that the 
condition had already existed for a number of years From 1941 until the patient s 
death in 1947 kbe leukemia had, in spite of very moderate radiation treatment, 
remained aleukemic In the last two years, there had been gastnc and intestinal 
symptoms and increasing cachexia, and at the necropsy an ulcerated adenocarci 
noma was found in the region of the pylorus, but lymphatic infiltrations in the 
lymph nodes, liver, spleen and colon were present No other organs were examined 
Though the rather protracted aleukemic phase after a definite leukemic beginning 
IS unusual, there can hardly be any doubt that the patient had a genuine leukemia 
The long duration of the leukemic symptoms makes it overwhelmingly probable 
that the cancer of the stomach was a disease of later ongin 
Besides this case, we have had occasion to observe x cases of cancer of the stom 
ach, in which the first diagnosis both clinically and hematologically was chrome 
lymphatic leukemia, but in which the leukemic symptoms disappeared little by 
little as the cancer of the stomach developed The first of these has already been 
published,^ and shall therefore only be briefly recapitulated here 


PIP (Radium Center 1114/35) farmer bora 1879 In 1935, there appeared a plum-sued iwdling 
of lymph nodes in hii axillae and groins, and at the same time he began to suffer from increasing fingoe 
The lymph node swelling was constant for four months and be was admitted to the Radinm Center There 
was no enlargement of the Itvcr or spleen but roentgen exammsuon of the lungs showed enlarged hilos 
glands (For the blood findings, sec the condensed table j ) Mott of the lymphocytes svere imali ncii m 
chromatin, but with very sparse cytoplasm A few were atypical with lobulatcd or bi-naclcated noclfl 
There were a number of disintegrated cells A bncf senes of spray x radutioni were given seeing I 
with good effeer The man remained perfectly well until the fall of 1937 when dyspeptic lymptomi gan 
CO develop In another hospital exploratory lapatoiomy was performed and a large inoperable caronoma 
of the stomach invading the liver was found In January 1938, he was readmitted to the Radium let 

to be treated with roentgen ray for the tumor of the stomach It was treated locally At chat nine ^ 
was no swelling of the pcnpheral lymph nodes and no enlargement of the spleen He 1 
t938 Necropsy showed a large caranoma of the ttomacb, with invasion of the left lo^ 0 ' 

metastases to small glands along the lesser curvature but otherwise no metastises were oun 

no other glandular swcllmgs and the spleen was not enlarged Histologically the tumor 0 

was a typical adenocarcinoma There svere no signs of lymphatic IcnLctnia m the Iiw nottnal 

In the bone marrow there were a few very small gtonps of small lymphocytes uc o env 


erythromyelopoiesis 

Comment The results of some of the blood examinations arc sho^ 
further details may be found elsewhere It will be seen that w cn t e p 
admitted in 1935, the blood picture showed a marked lymphatic reac 
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lymphoqtcs showed moqjhologic abnormalities such as arc often seen in 1) mphacic 
leukemia In the course of a few months, the total leukocyte count dropped to 
normal values and at the same time the proportion of Ijonphoc) tes decreased, until 
at the nme of the patient s death, there w as a marked relative and absolute IjTnpho- 
penia In this case, it is difficult to saj when the tumor in the stomach began to 
develop When laparotomy was performed in 1938, he had been ill for about two 
years, and at the time of that operation the tumor was already verj large and in- 
operable It is therefore quite possible that the leukemoid state and the neoplastic 
groivth may have developed simultaneous!} 


Table t — Biasd V ladings tn Cast PIP (jCanssr fif the StsmMth') 
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■ 3 37 j 

21 SB 

( 5 35 

1 

1 

Hb% 

RBC 

WBC 

So 

83 

1 

1 51 

1 88 j 

id 6 j 

49 , 

1 

5^ 1 

66 

3.65 

4,r8 
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94.7 

67 j 
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1 
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The following ease in many respects shows a similar development Unfortunately 
is no microscopic examination of the gastnc tumor available, but it is 
reasonable to suppose that the patient had a noa-lcukemic malignant growth there 


7 (JUdiom Center 1330/47) electrician, bom 1871 Past hiscorj- wichoat interest For six months 
pains m the cpigastnum after meals, and occasional vomitwg In May 1947 referred to the Radiom 
^ to be treated for caraooma of the stomach He had lost 3-4 Kg in tvaghc darmg the preceding 
^^nionths There had been no angina or fever in conncctiomvith his present illness The patient v*as pale 
Numerous moderate cnlargcmcats of lymph nodes were present m the neck axillae and 
but no palpable enlargement of liver or spleen In the cpigastnum an nrcgular tumor was fclr 
^ difficult to determine There was no free acid in the stomach Roentgen c raniin anoa of 

on ihc^^^ showed a notched, irregular, eroded mass with a filling-defect for a distance of 8 or 5 cm 
Stcatcr cun, icurc This was the siae of an orange and extended into the lumen On admission the 
^tr /hour, hemoglobin 77 per cent, red cells 3 6So,ooo uhitc cells ii 600 with 

JniiDh o and mononuclears 83 per cent Most of the mononuclears were of the small 

"'^th very scant cytoplasm and a nucleus rich in chromatin But a few larger forms u'crc 
^ 'sith a monocytoid configuration and structure often ivith distinct nucleoli A number of 
■were seen Only a few typical monocytts were present No McKinley cells The sicmal 
aodcontaincdovcrSo per cent of these atypical raoooaadcar cells Microscopic 
tot ^ ^J^ph node puncture showed typical Ij-mphanc leukemic changes The Paul BooncI 

Patient was treated with i rajs over the tumor of the stomach (rotator) irradia 
^ ■ si ma , through o 5 mm Cu -f i mm Al half layer value o 7 distance 50 cm two 
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series each of 1,700 r The treamicDt did not reduce the size of the cpigtstnc tumor sobtrintiiU^, and 
the roentgenographs shotved onJy moderate regression of the tumor in the stomach The panent was 
controlled as an out patient bnt hccame feebler and lost weight The leukemic blood picture disappeamL 
(June 1, 3*5^ ^6 mononuclears, June 17 4 800 svhitc cells 16 mononuclears and no atypical 

cells The mononuclear cells could now easily be divided in 9 per cent typical monocytes and 7 per cent 
lymphocytes ) In June i 947 > sternal marrow showed almost normal conditions, svitb only 14 per cent 
lymphocytes in the smears The swelling of the lymph nodes also gradually diminished and by Angutt 
of the tame year they were only of hazelnut size Dunng the foUosving months the patient was read 
nutted for renewed treatment The lymph nodes had become still smaller, but the tumor of the stomach 
had become larger The blood counts w ere as follows hemoglobm 45 per cent red cells z too 000, white 
cc 11 s 6 4co platelets 4 coo Neutrophils 83 5 eosinophils, o 5, lymphocytes i 5 monocytes 6 No atypicil 
cells He was again given roentgen treatment this time to two hclds, each of 3 1 10 cm , over the cpi 
gastnum 160 Kv 4 ma through i mm Cu + 1 mm A 1 distance 40 cm 600 r, in all to each ficli 
Dunng his stay he b ecam e steadily feebler and when discharged a month later he was rather cacheent 
At the time of discharge there was no glandular swellings except a smgle bean-sized node on one side of 
the groin The blood counts at this time COctober 10) were hemoglobm 61 red cells 3 130000 white 
cells 5.400 nenttophili 88 lymphocytes 10 monocytes i_ At will be teen there was now both relsnve 
and absolute lymphopenia The sternal marrow showed no evidence of leukemia Three weeks later he 
died at home, and unfortunately sve did not succeed in obtaiomg a necropsy 


Commtnt This third case has some resemblance to the foregoing On admission, 
there were clinical and hematologic signs of lymphatic leukemia with typical 
changes in the sternal marrow and the examined lymph node At the same time, a 
tumor was found in the stomach, and as this grew larger all signs of leukosis 
disappeared,* the swellings of the lymph nodes subsided, the sternal marrow became 
normal and at last there was marked lymphopenia m the blood Unfortunatel) we 
were unable to examine the tumor of the stomach histologically, but it is hardly 
possible that it could have been a lymphatic leukemic growth, as these are ei 
tremely radiosensitive, while in this case there was very moderate regression m 
spite of intensive local irradiation with roentgen rays 

The coexistence of cancer and leukemia in the same individual has been observed 
rather often, and some of the reported cases of this assoaation have recenti) been 
reviewed by Videback In the present study, it is specially the combination 
cancer and lymphatic leukemia which is of interest Such cases have been reporte 
by Lannois and Regaud” (cancer of the uterine cervix), Manschlcr'* (hyper 
nephroma), Fuhs“ (cancer of the skin), Genfvncr” (pulmonary cancer), 
Scheufiler’® (cancer of the skin), Brflckncr^ (cancer of the uterme cervix) Schreiner 
and Wehr’° (cancer of the skin, 2. cases, pulmonary cancer, i case, mamma^ 

I case), Saupc” (cancer of the stomach), Denoyer' (cancer of the laryax), ver 
taft’^ (cancer of the skin), Penzold** (cancer of the stomach), Askanazy (oncer 0 
the esophagus). Dustin'" (cancer of the stomach), Engclbrech Holm 

thelip, tease, cancer of the skin, 5 cases, cancer of the penis, I case), otz (on 

of the kidney), Svejda" (cancer of the stomach, i case, cancer o t ^ ’ 

case) Gcrtler" (cancer of the skin), Ovnb 0 l and Thcrkildsen" (cancer 0 ^ 
and the prostate in the same individual), Dclcourt (mamraai^ 
the bile ducts in the liver®), Momson'® (cancer of the pancreas), 

• One must consider the possible effect on the Icukcmu of the local roentgen ray therapy 
the stomach EJiTcr 
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(cancer of the larjnx), Vidcback” (cancer of the skin) In this review, we have 
omitted the combination of tumors originating in the hemopoietic tissue (lympho- 
sarcomas, reticulosarcomas, m)eiomas, etc ) with leukemic blood pictures 
Petrt*’ found carcenoids in the intestines of 2. patients with aleukemic lymphatic 
leukemia and called attenuon to the advisability of a close examination of the 
intestine of patients with leukemia, with the view of the possible presence of such 
^ors, which arc often small and difficult to distinguish from Peycr s patches, 
cspeaally if there is also leukemic infiltration in the gut 
That leukemic reactions of the myeloid type may occur in connection with 
mahgnant tumors is well known, though the mechanism of their development is 
not quite clear Lymphatic reactions, on the other hand, arc rarely seen in connec- 


tion with malignant tumors (here we again omit the special tumors arising from 
the hemopoietic tissue) Reich^ described a ennous case of an adenocarcinoma of 
the sigmoid in a man 55 years old with 18,700 leukocytes per cu mm , 91 per cent 
of which were lymphocytes The sternal marrow showed marked infiltration of 
^JTuphocytes, many ofwhich were abnormal The day before he died, the leukocyte 
count rose to 103 ,000 per cram .with 93 per cent lymphocytes, bur at necropsy there 
^^no Icukeima Reich suggests that the unusual hematologic picture may have 
ban due to an action of the carcinoma on the bcmapoietic tissue The necropsy 
tcvealed gcncralmcd mctastascs, mcluding the bone marrow Muller and Wcrthc- 
mention a case of lymphocytosis associated with mammary cancer with 
®^tases to spleen, lymph nodes and bone marrow There were 33,000 leukocytes 
^ c^ j gj lymphocytes At necropsy, no leukemic changes were 

Rus ” organs A ease which is not qiutc clear, however, is reported from 

^ s a, by Sal 'phg patient was a man, 55 years old, with 434,000 Icukocyrcs per 
> 99 per cent of which were lymphocytes At necropsy, cancer of the 
P^tonctim(? pnmary tumor) was found, with enlargement of the spleen and liver, 
^t no enlargement of the lymph nodes The bone marrow was normal In the case 
jg Woman years old, reported by Winans,’* blood cxaminaaons showed up to 
>500 leukocytes per cu mm with 85 per cent lymphocytes, but there was no 
gement either of the spleen or the lymph nodes Some time afterwards, she 
F'^enad pains in the lower part of the abdomen, and at the operation a pscudo- 
thc Irf* removed from the right ovary, and a papillary adenoma from 

t The lymphocytosis disappeared, but had already decreased before the 
pass seemed to have been due to a fcbnlc infection of rhe upper air 

tumors Rohr and Hegglin,^' in their monograph on the 
solid tumor cells in sternal punctures, bnefly mention a case of a simple, 

tu cardia in a man, 75 years old, with x5,ooo leukocytes per 

£tnd ' which were lymphocytes Die Lymphocyten sind vorwic- 

s? 6 Dcr ^ (“'Id dcr lymphatischcn Rcaknon) In the sternal marrow, there were 
cascu ^I’tuphoc} res besides the tumor cells In Silbcrstcrn and Pccfatcrcwa s 
With S ^ of the rectum m a Ti-jcar old male there were 18,000 leukocytes 
'"tvcalcd ^ ^ tes, without other signs of leukemia The autopsy 

the Ore to the regional lymph nodes but no leukemic involvement of 

ans and onl) slight IjTnphocjtic infiltration of the liver and bone marrow 
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In comparison with the myeloid reactions w malignant tumonr, lymphatic reac 
tions arc,e\tremcly rare Moreover, they seem to be different from the myeloid in 
several respects, thus they, in contrast to these, which as a rule arc a late phenome 
non, often occur at a very early stage of the development of the cancer, sometimes 
even at the same time as the latter The mechanism which elicits the Ijmphaoc 
reactions in these cases is quite obscure Silhol’’ thought that metastases from 
cancer of the stomach to regional lymph nodes might give rise to lymphocytosis, 
but the early occurence of the lymphatic reactions makes it doubtful if metastases 
to lymph nodes play any part Another strange thing about these reactions is, as 
far as one can conclude from a rather few cases, their tendency to become less 
pronounced as the malignant tumor grows larger The same tendency can be noticed 
as regards the lymphatic leukemias associated with cancer, for instance, in Mans 
chler s'* case of hypernephroma combined with chronic lymphatic leukemia, and 
in the first of the cases reported in the present commumcauon In Manschler s 
case, the number of lymphocytes steadily decreased, and the lymph nodes gradually 
became smaller as the disease developed He supposed that this was due to an effea 
of cancer toxins on the leukemic process, similar to the well-known effect of 
certain infections It must be remembered, however, that the lymphatic tissue is 
apt to be strongly affected by cachexia and inanition, conditions which appear with 
malignant tumors, especially when these have their origin in the gastrointestinal 
tract 

Even in the uncomplicated cases of chronic lymphauc lenkenua there is often a 
fall in the lymphocyte content of the blood during the last days of life, and the 
spleen and lymph nodes may become smaller, even without therapy, though, of 
course, this does not mean that there is an entire disappearance of the leukemic 
ekanges in the organs Of course it is a question if certain malignant tumors of the 
gastrointestinal tract do not have a repressing effect on the leukemic processes in 
the organs That tumors of the stomach do not always have this effect, is clearly 
seen from Penzold s case, in which the neoplastic growth and the leukemic proc 
esses existed side by side and were even believed by Penzold to have activated each 
other It IS clear that as basis for judgment respecting the reaprocal effect of the 
tumor and the leukemia only those cases can be used in which the observation time 
has been sufficiently long, and in which the patient died either of the leukemia or 
of the malignant tumor, and not of some irrelevant disease In Dustin s case, ^ 
instance, of stomach cancer with lymphauc leukemia, the patient was onl) 0 
served a few days and died of an intercuirent infecuon 


Summary 

The author reports the case of a patient with chrome l)'mphacic leukemia, who 
after some years developed dyspeptic symptoms, increasing cachexia, an 
ally died The leukemia had been subleukemic for several years Ncaops) revet 
an adenocarcinoma of the pylorus and lymphatic leukemic changes in t e ymp 
nodes, spleen and liver In two other cases a lymphatic leukemic bloo 
chmcal signs of leukemia (including lymph node 
changes in the bone marrow) gradually disappeared as tumors 0 
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vclopcd, and in both cases the leukemic blood picture \\as replaced by a state of 
Ijmphopcnia In one of them, the necropsy revealed an adenocarcinoma of the 
pylorus, in the other, necropsj could not be obtained, but the clinical picture and 
the radioscopic examinations stronglj suggested carcinoma of the stomach in this 
case, too These last two cases must be interpreted as l)mphatic leukemoid states 
produced by the presence of the carcinomatous neoplasms, though the possibility 
can not be excluded that certain carcinomas of the gastrointestinal tract may be 
capable of pnmarily or secondarily exercising an inhibitory influence on the 
leukemic processes 

In connection with the report of these cases, the author reviews the cases from 
the literature, of lymphatic reactions in cancer and of the coexistence of lymphatic 
leukemia and cancer in the same individual 
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LYMPHOCYTIC LEUKEMOID REACTION OF THE BLOOD ASSOCIATED 
WITH MILIARY TUBERCULOSIS 

By Frank H Gardner, M D , and Stacy R Mettier, M D 

B lood pictures similar to those of myelocytic and lymphocytic leukemia have 
been reported* * to occur not infrequently in patients with miliary tuber- 
culosis These reports indicate that there is a marked ' shift to the left of the 
leukocytes in the peripheral blood to include varying percentages of myelocytes 
and myeloblasts This hemogram is associated with an absence of the characteristic 
leukemic infiltration of the tissues on postmortem examination 
Landon’ has reported a case of tuberculous bronchopneumonia in a i6 year old 
girl in whom the white blood cell count rose to 36,800 per cubic millimeter of 
blood, 35 per cent of the cells were considered to be immature lymphocytes Coley 
and Ewing* repiorted the case history of a 42. year old woman with diffuse 
tuberculosis of the lymph nodes The white blood cell count was 8,000 cells per 
cubic millimeter of blood, of which 84 per cent were reported as of the mono- 
nuclear type The mononuclear cells were considered to be lymphocytes The 
structural changes in the lymph nodes showed acute necrosis without caseation 
and without tubercle formation 

Lcibowitz’ has reported the occurrence of a predominantly myeloblastic blood 
picture in a patient with symptoms of sepsis associated with miliary tuberculosis 
Examination of tissues removed from various organs showed necrotic lesions con- 
taining mynads of tubercle bacilli but without tubercle formation 
One case with a monocytic leukemoid reaction has been studied *“ The patient 
showed a white blood count of 81,000 cells per cubic milhmcter of which 41 per 
cent were monocytes Autopsy revealed generalized tuberculous adenitis It was 
of interest that the monocytes were found only in association with the tuberculous 
foci in the lung and liver The author suggested that the monocytic response might 
be due to a reactive irritation of the reticulo-endothclial system 
The following two case histones are reported as examples of a lymphocyuc 
leukemoid response to miliary tuberculosis 

Case Reports 

CASE I* 

R -0 2 5j jear old white fcnulc entered the Mt Zion Hospital on Jannziy 5 15^5 She complained 
of gcncraliied malaise and a swelling in the left side of her necL Four months previously the patient 
fud noted that she tired easil) and had lost lo pounds in weight m one month s time Profuse per 
‘piration at night caused her considerable discomfort She was aware of dirziness upon sudden change of 
portion Just prior to entry it had been obserred that she was febrile. 

patient stated that a nodular mass had been removed surgically from the left side of her nech 
at the age of 16 This consisted of one walnut-sired node surrounded by many smaller nodules In 1338 

From the Division of Medicine University of California Medical School San Franosco California. 
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at the age of 53 the paueoc again entered the hospital bccansc of the appearance of a mass in the left 
tide ofthcnccLtvhich extended from the mastoid process to the angle of the mandible Ihc mass was finn 
in consistency smooth in ootline and fired to the ondcrljong stmetnres Six exposures to roentgen ttj 
did not alter Its size and it was surgically removed The pathologist reported atypical rubcroilosis and 
aad fast organisms were found in the stained sections In January 1543 she saw her physiaan bccaasc 
serous fluid drained from the area of the wound m the left side of the neck where the nodes bad been 
exased With symptomatic treatment this sinus healed in two months Nine months later she was seen 
again because of climacteric symptoms At this time the wound was healed and she had gained weight 
She did not see her physiaan again until the present illness 



Fio I —Case i (X iooo) Film prepired from pcnphml blood »nd stiined xxordmg to Ungh 
technic Note the immature lymphocjTcj 


. Blood pressure was 

Physical examination revealed a wcll-noonshed woman in no apparent ,obmeniil 

116/70 mm Hg, pulse 88 There was a large matted chain. The hean 

mangle Small nodes were palpable bilaterally m the Mtenor ^ ^ „„ physical 

was not enlarged and there were no cardiae murmur, , jc m,d^ margin The 

cxaminanon of the chest The np of the spleen was palpable 4 cm ^ ^ 

rest of the physical examination was essenruUy negative No on tmcnncopic 

Urinalysis revealed 1+ albomm speafic gravity of i 015 no s^t^ ^ blood 

caamination Blood examinauon showed hcmogloWf 8 9 Gtm 0 5 was 6 100 per cnb.c 

cell connt was 3 ox milhon per cubic millimeter of blcKid *'^1; ^ prolymph«rt« 

miUimeter of blood The differcnual count showed celhshoived charactro.nm 

cent lymphocytes M cent granuloc^ ' Llphihc 

of young lymphocytes and lymphoblasts The cytoplasm ^ bes could be discerned ^mal 

nu^ber^of'Ze granules The ebromaun was ^ 

large nucleoli (fipire 0 D.ffcrentml counts done on four different oe 

ary xg 1945 showed results similar to the first count 
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In addition to s)raptomatic treatment the patient received four blood transfusions over a period of 
two weeLs with no subjective or objective improvement The patient maintained a swinging daily 
temperamre cune with peaks at 39 5 C and 40 5 C The fever followed no specific pattern but for the 
most part was above 38 C AboutFcbruary 4, 1945 she began to have periods of disorientation OnFcbru 
ary 11, her respirations were labored and the patient became comatose and expired twenty nine days 
after entr^ into the hospital 

Qinical diagnosis Tuberculous adenitis, acute lymphocytic leukemia aleukemic myelophthisic 
anemia 

Nccnpjj 

Gross Examination The body was that of an obese white woman with generalized icterus Multiple 
petcchiac were present over the body and about both c)cs No palpable subcutaneous lymph nodes were 
noted There was no excess free fluid in any of the body cavities The organs were normally disposed 
The heart weighed 310 grams and was of usual contour and quite flabby It was yellow tan striated 
and soft The coronary ostia and the major coronaiy branches were patent 

The weight of the left long was 6io grams the right 410 grams The pleural surfaces were smooth, 
but on cutting were crepitant and dark red The trachea and bronchi contained a moderate amount of 
frothy hemorrhagic matenal The tracheobronchial lymph node were large measuring op to 4 cm 
They were grayish white when sectioned 

The liver weighed 1900 grams and was quite soft The capsule was smooth and on the cut surface the 
parenchyma was yellow and finely dotted with red The gallbladder pancreas and adrenal glands showed 
no gross changes 

The gastrointestinal tract showed no gross changes Near the cecum there was a mass of rransluccnt 
tusue resembling matted lymph nodes which measured 6 cm m diameter On section this was grayish 
■white with yellow foci 

The spleen weighed 440 grams and was soft On the cut surface n was dark red dotted with gray 
The combined weight of the kidneys was 380 grams On cut surfaces they showed multiple hemor- 
rhagic markings but otherwise were not abnormal The right ovary was replaced by a cystic mass filled 
with thick hemorrhagic material Otherwise the pelvic organs were normal There were no addiuonal 
gross abnormalities of significance 

Mscnjcoptc ExamtMttcn 

Heart The myofibnllac were thin with prominent stnanons and nuclei The small vessel walls showed 
no changes 

Lungs The alveoli were collapsed in large areas and the small vessels were distended Elsewhere the 
alveoli and bronchioles contained granular cosinophibc material and a few pol)raorphonuclcar cells 
Liver The architcaurc was distorted by atrophy and the presence of broken-down cells in the central 
^fcas There were many oval areas of necrotic tissue with an average diameter of one third of a lobule 
These areas were scattered throughout the liver and weir compos-d of dense eosinophilic amorphous 
ncaotic tissue m which a few ghosted nuclei were seen There was a fine border of scattered lymiphocy tes 
about some of the nodules Silver stain showed the usual reticulum network intact except in the caseous 
areas Scaions o{ liver suincd by the Zichl Nielson technic rev calcd numerous clumps of aad fast bacilli 
No periportal ly mphocy tic infiltration was s*^ 

Spleen The lyTTiph follicles were quite small and sharply bounded by congested red pulp Throughout 
the organ were necrotic foci of the amc size as those observed m the liver and of similar appearance 
Acid fa t organisms were noted in thes- cas-'ous nodules also 

L)*mph nodes Sections of the IvTnph nodes from the cervical trachco-bronchial p-caonic and mesen 
^c groups bowed the same picture of numerous eosinophilic oval areas of necrosis Attain they were 
<lcvoid of cells blending p-riphcrallv with Ivmph node strucrurcs These areas v ere d-void of reticulum 
silver stain and contained mynads of acid fast organisms 

Hone marrow Spread dilTu -h throughout the marrow were nura-rous areas of n'^C'osts which w ere 
<lcvoidofany cpith-hoid reaction at their borders The blood fo-mativc iissu* wa sliqhtlv hypoplastic. 
Mcgakarvocy tev were rarclv n but the pl-'^ma cells were sligbtiv increa-; d 

Muccllancous ^tions of ih- adr nal gland pano-ca^ pjxathvToid thyTOid utcru-; o\an-s kidney 
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£»llbl«dder, jud nniury bliddcr ihowcd no change, of s.gmhcance No change, were fomd m the brain 
or mcmogcj 

Anatomic Diagnoju GencraJiied tnbercnlojis of lymph node, - (a) tnihary tnbercnloii, (b) hypo- 
plasia of bone marrow hemorrhagic cyst of ovary 

CASS 1 . 

V L., U130787, a 73 year old man, entered the Umveruty of Califomu Hospital on Angnst 15 193S, 
complaming of dyspnea, orthopnea, and hemoptyais The patient > history dated bacL to 1318 when he 
had his first epiKide of hemoptysis, which was treated with three sveehs of bed rest. Again m 1313 he 
had an episode of severe hemoptysis and was told at that time that he had pulmonary tuberculosis 
Otherwise the past history was noncontribntoty In October 1945, the patient had a nvellmg of the 
right anUe and losver leg and a diagnosis of phlebitis was made In February 194S he saw his physiciin 
because of generalued malain: A white blood cell count at that amc reveied a leutocytosis of 66 000 
cells per cubic millimeter, with 95 per cent lymphocytes There was no hepatosplenomegaly or adenop- 
athy noted He was given symptomatic therapy until June 18 1946 At that tune he was given Fowler s 
solution, s drops three times daily Hosvever the pauent stopped the mcdicaaon in five days because of 
nausea The drug was again started and continued for the first two weets of July The white blood cell 
count as eraged about 39 000 cells per cubic millimeter with 90 per cent lymphocytes at this time During 
the two months preceding hospitalmauon the panent had a cough productive of blood tinged sputum 
He also suffered from night sweats and fever 

On entry the pnent was dyspneic and cyanotic Blood pressure was 113 systolic and 70 diastolic The 
temperature was 38 a. C thcpulse iioperminnte the rcspiratinns yopermmiitr Qo physical exanuna 
tion no adenopthy svas noted The trachea was deviated to the right and there was marled venous 
dtstenaon of the neck The chest showed atrophy of the right shoulder girdle muscles There was limited 
excursion of the right chest There was flatness of the right upper third of the chest posteriorly and 
anteriorly to percussion Crepitant rales were present over the enure chest with bronchial breathing over 
the right apex No cardiac enlargement was noted On deep inspirauon the liver was plpable 7 cm below 
the right midcostal margin and the spleen 3 cm below the left imdcostal margin Bilateral pdal edoni 
was present with brawny induranon over the right ankle 

Lalmrrciy DaU 

The urme showed famt albuminnna and had a specific gravity of i 016 There were no abnormal find 
mgs m the sediment Exammauon of the blood revealed bcmoglobm of 9 5 grams or 66 per cent (Sahli). 
The red blood cell count was 5 5 million per cubic millimeter white blood cell count was 41 5C0 tells 
per cubic mdhracter che differential count shosved prolymphocytes 6 per cent lymphocytes 77 per cent 
dcgencraove cells 13 per cent, granulocytes 4 per cent An adequate number of platelet, were piescnt 
on blood films prepared with Weight s stain The sputum contained large numbers of acid fast orginums 
The clectrocariogram shoived an abnormal record mggcsting coronary arteiy disease 

The panent was immediately digitaliied with 8 cc of Cedilanid mtrivenously and soon obtamed 

marked rehef from dyspnea He was then given a maintenance dose of digiuhs folia, o 1 Gm twice duly 

The cyanosis receded slowly but che pauent continued to have a fever of between 38 and 39 C. at a 

times A chest X ray taken shortly after entry revealed extensive mfiltrauon of the upper lobes bilitcra y 

with marked pulmonary shrmkage on the right side displacing the mcdiasunal structnies A hotnogeof 
onsly distributed nodular penbronchul infiltration was present throughout both lung. 

It was felt that the panent could receive convalescent care at home and he svas diwiargcd eleven ap 
after entry Before discharge he was given 500 cc of aerated blood which wi, svell tolerated At time ^ 
discharge his white blood cell count was 73 600 per cubic millirocter with 70 per cent 
the ted cell count was 4 11 million per cubic millimeter A roentgenogram of the chest taken on e ^ 
of discharge showed a marked decrease m the ttansversc diameter of the heart from i)^ “ 5 

The pauent was confined to bed it borne He was onbopocic and contmued to have a ptodneuve 
and sepue fever He died September 14 1946 diys tlta discbugc (torn the ba^ ^ 

Oinical dugnosis mihary tuberculosis far advanced pulmouary tuberculosis lyropnocyn 
artcnosclcrouc heart disease 
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l^ecnpsj 

Gross crammation revealed the body of an emaciated male No 1 > raph nodes were palpable The right 
pleural cavity was obliterated because of adhesions The trachea was deviated to the nght and the lymph 
nodes of the mcdiasanum showed enlargement and pigmentation The heart weighed 3x0 grams and the 
coronary vessels were patent throughout 

The right lung weighed 850 grams the left 1010 grams On the cut surface they revealed marked 
fibrosis with grayish white infiltrations i to 3 mm in diameter throughout the parenchyma The right 
upper lobe revealed a small cavity i cm 10 diameter 

The spleen weighed 300 grams On section the corpuscles were well defined but there were diffuse gray 
infiltrations throughout the pulp measuring up to 3 mm in diameter 

The liver weighed 1830 grams and on section showed occasional whitish area among the otherwise 
normal parenchyma The kidneys were of normal size and architecture Numerous pinhead gray areas 
were spread throughout the cortex The same type of infiltration was not^fi m the sections of the adrenals 
The abdominal and mesenteric lymph nodes were enlarged The bone rliarrow was pale but not remark 
able otherwise No other gross abnormal findings were noted 

Mstrcsaptc Bxamtnattm 

Lungs The bronchi and bronchioles were dilated and showed pcrbronchial fibrous proliferation An 
occasional conglomerate tubercle with central caseaaon and surrounding fibrous reaction was noted 
Within a dilated vascular channel a mass of tuberculous granulation tissue was seen and suggested a 
possible source of the miliary spread In the alveoli sorronndmg the early conglomerate masses of tuber 
cles proliferating fibroblasts and epithelioid cells were seen In addition to the older process, there was a 
widespread distribution of single or multiple young tubercles with little surrounding fibrous reaction 
Spleen The parenchyma was largely replaced by tubercles showing minimal central necrosis and con 
taiQing glint cells In the scanty uninvolvcd areas there was no obliteration of the smusoids which 
contained many lymphocytes large mononnclcar cells and a few red blood cells A moderate epithelioid 
hyperplasia was noted The rare germinal centers were distorted and replaced in part by young and old 
lymphocytes and many mononuclear cells 

Liver The hepatic lobular pattern was well maintained The sinusoids were distended but contained 
few cells These were chicQy red blood cells There were few lymphocytes monocytes or polymorpho- 
nuclear cells Throughout the parenchyma young and old tubercles could be discerned These contained 
giant cells and showed slight necrosis Immcdutcly adjacent to the tul?erclcs particularly m the pen 
portal connective tissue were large numbers of mature lymphocj tes 

Kidneys Several areas contained tubercles with central necrosis Other areas showed large conglom 
crate portions of ussuc with widespread caseaaon and a marked lymphoeync mfiltrauon at the border 
The intervening glomeruli and tubules appeared normal 

Lymph nodes Bronchial and mesenteric nodes showed preservaaon (?f the normal architcccurc with 
a marked hyperplasia of the rcaculo-cadothchal pattern The sinuses were intact and contained many 
lymphocytes and mononuclear and plasma cells Tubercles were widely scattered among the intact 
lymphoid follicles These were usually small without caseation but showed marked giant cell formation 
No capsular mvasion nor abnormal number of mitoses was seen Cfig^rc 1) 

Bone marrow Several sccaons of sternal and vertebral marrow revealed extensne single and con 
glomerate tubercle formaaon with marked caseaaon and trabecular bone dcstrucuon Aside from the 
fobcTclc formaaon there was a normal qaanutausc and qualitaas c relationship of the myclopoictic and 
^n^ropoictic senes Mcgakaiy ocytes were present 10 adequate numbers Cfignrc 3) 

bhsccllancous Sccaons of the adrenals showed diffuse tubercle formation in the cortex and medulla 
With dense fibrous replacement Studies of the thyroid pancreas gallbladder testes, and prostate showed 
no changes of significance 

Anatomic diagnosis (1) Bilateral pulmonary tuberculosis fibrocaseous tj'pc with cavity of nght 
*pcx and diffuse nght pleural adhesions (x) Miliar) tuberculosis of lungs (bilateral) lis'cr spleen 
*drcna!i lymph n^cs and bone marrow (a) Reactive IjTnphoid hyperplasia of lymph nodes (b) 
Lyraphoc) tic Icukcmoid reaction o( bone marrow (3) Gcncrahicd ancriosclcrosis w ith moderate coro- 
sclerosis and focal m)Chjrdial fibrosis 
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Discussion 

Both of these cases were diagnosed as Ijmphocjtic leukemia when first seen 
by members of the Hcmatolog) Unit It %vas not until necrops} that the question 
of a Icukemoid response to tuberculosis arose krumbhar" has stated that it may 
not be possible to distinguish between a terminal leukemoid blood picture and a 
true leukemia Such was true in these case studies 
In Case i, the miliar} tubercles showed a fine necrotic matrix with no prolifera- 
tion of fibrous tissue The entire process consisted of massive necrosis and the 
diagnosis of miliar} tuberculosis i\as made b} demonstrating acid-fast organisms 
in these areas These lesions were similar to those described b} Lcibowitz’ and 
Coley and Ewing * 

The report by Leibowitz” includes a review of the literature (especially Euro- 
pean) of the necrotic lesions in tuberculous sepsis One case reported by Marzullo 
and DeVeer* revealed no epithelioid changes at autopsy, but rather necrosis On 
entry to the hospital this patient had a white blood cell count of 57,000 with 15 
per cent myeloblasts He died of tuberculous pneumonia 
Rich and McCordock*^ observed in animal experiments some correlation between 
the number of orgamsms and the extent of necrosis The presence of extensive 
necrosis is probably correlated with the number of bacilh present Upon reviewing 
their cases, these authors noted that acid-fast organisms were more numerous in 
the soft tubercles with extensive necrosis In the more proliferative tubercle, the 
organisms were sparse The soft tubercle is probably the result of a massive infec- 
tion of the blood stream associated with a high degree of allergy 
Such a condition probably existed in Case i A long-standing tuberculous infec- 
tion in the neck was associated with a miliary sepsis Can we consider the lympho- 
cytic leukemoid picture to be an agonal response to the infection’ The interesting 
study of Wiseman and Doan” may aid in understanding the lymphocytic response 
These authors showed that the age of the lymphocyte can be determined by pro- 
gressive variations in cellular cytology, namely, basophtlia of the cytoplasm, 
chromatic density, and distribution of the non-segmented nucleus They divided 
the circulatory lymphocytes into three classes — young, mature, and old ccUs It 
Was observed in rabbits that there was a marked mcrease in the percentage of young 
lymphocytes following infection by intravenous injection of avian tuberculosis 
bacilli As the animal neared death from mihary tuberculosis, there was a sharp 
decline m the percentage of mature forms Studies of clinical material also showed 
2n increase in young lymphocytes with progression of pulmonary tuberculosis 
The authors felt that the increase in young lymphocytes with tuberculosis infection 
indicated that these blood elements were utilized in the pathologic process 
From this study can we postulate that a marked stimulus of the tuberculotoxins 
shifted the response of the lymphocyte to the earl} stem forms This might help 
explain the genesis of the lymphocytic leukemoid blood picture in the first case 
Case a presented a more controversial problem In a patient of his age, tvith an 
1 ness of long duration and an elevated white blood cell count, the diagnosis of 
tonic lymphoc} tic leukemia was more tenable It was believed when this patient 
Was first studied that a chronic leukemia had activated an old fibrotic tuberculosis 
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and that this was associated then with a diffuse hematogenous pcnbronchial exten- 
sion culminating in cardiac embarrassment from a subacute cor pulmonale The 
tender hepatomegaly and splenomegaly were first noted when the patient entered 
the hospital with cardiac embarrassment This patient had been observed by a staff 
hematologist regularly for five months before entry, and at no tunc did he note 
adenopathy or hepatosplenomegaly 

Rosslc’^ has observed patients with lymphocytic leukemia without adenopathy 
or hepatosplenomegaly However, microscopic cxaminauon of the bone marrow 
in these cases revealed leukemic infiltration In the second of our cases, necropsy 
findings of young and old tuEierclcs throughout the organs and lyunph nodes sng 
gest a repeated bacteremia Can we postulate that this patient had a penistent 
leukemoid reaction for six months before death? In a study of Icukcmoid reactions, 
Hill and Duncan” recently reported a case of leukemoid reaction which existed 
over a three year period in a 40 year old Negro male who had been followed in a 
lueuc clinic The white blood cell count vaned from ay ,000 to 78,400 per cubic 
millimeter of blood, and of these, 3 per cent were myeloblasts and ay per cent 
myelocytes Autopsy revealed a suppuraavc ostcomyelius of the sacrum assoaated 
with a gangrenous, necrouc abscess of the nght thigh and an abscess of the nght 
postenor lung field In a similar manner, a persistent lymphocytosis might allow 
us to explain the blood findings in this case as a result of persistent imtaaon of the 
lymphoid tissue and marrow Feldman and Stasney” have suggested an allergic 
response of the bone marrow to explain the myelocytic leukemoid blood response 
in tuberculous rabbits receiving tubcrculininjecuons We know of no experimental 
work showing lymphatic leukemoid response to tuberculin to indicate that lym 
phocytosis to the extent observed in these panents may be an allergic response to 
mihary tuberculosis However, the lack of any evidence on microscopic cxamina- 
tion of leukemic infiltration m the tissues m Case x forced us to conclude that the 
elevated white blood cell count of mature lymphocytes was the response to a pro- 
gressive miliary tuberculosis 

Muller^ has commented on the rarity of the leukemoid reaction Dunng a 
year penod in which approximately xooo patients with tuberculosis were observed, 
no leukemoid blood pictures were seen In rare cases, a few myelocytes were seen, 
and no case showed over 3 per cent myelocytes 


Sdmmakt 

Two cases of miliary tuberculosis that were diagnosed dimcally as lymphatic 
leukemia are presented Both cases had evidence of chrome tuberculosis w ic was 
of 43 years duration in Case 1 and of 28 years durauon in Case x Bot patients 

had granulocytopcma and aneima a.fFnsc 

Autopsy findings revealed no evidence of leukemic mfiltranon, 
mihary tuberculosis, involving aU of the hematopoietic ussucs, exist m 

cases 
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Revised Nomenclature Pro and Con* 


EDITORIAL 
What s in a Name 

/ 

S EVERAL statements have appeared recently' * * concerning standardization of 
hematologic nomenclature Their purpose is to brmg clanty where there is con 
fusion, uniformity where there is variety and order out of chaos It is proposed that 
no new ideas be introduced but that terms be accepted which everyone will use in 
an agreed-upon sense, and that tables be made available in which a list of cone 
spending terms which arc to be outmoded wdl be presented 
These statements reflect the considered views and sincere efforts of a number of 
individuals, to whom due credit must be given The devotion of the chairman of the 
committee on nomenclature, which is the source of these reports, certainly deserves 
respect It must be pointed out, however, chat, although the pubhshed matcnal 
gives the impression that the proposed nomenclature is desirable and widely sup- 
ported, the contrary opinion is substantial and significant but has mamly found 
expression in informal conversaaons of persons interested in the field 
It can be admitted that hematologic terminology is confusing However, there is 
reasonable doubt chat the new proposals will improve matters What is to be 
achieved by naming the stage of leukocyte preceding the myelocyte a progranulo- 
cyte when most people understand quite clearly what is meant by the term, 
promyelocyte ? Will an ofliaal stamp have value by affixing an erroneous in 
terprctation to the stab cell ? Does a student gam a better understanding of 
physiology by being forced to call something a cell which is not one, such as the 
red corpuscle and the platelet, for which the terms erythrocyte and thrombo- 
cyte, respectively, arc proposed? True, these terms are m current, though erro- 
neous, use But why endorse errors with a stamp of approval? 

These, however, arc comparatively minor cnticisms of the proposed nomcntla 
turc The recommended terminology for the red cell senes impresses one as being 
artificial to an extreme In an attempt to use corresponding classifications for the 
leukocytic and erythrocytic series of cells, differentiation is centered about nuclear 
rather than cytoplasmic features As a consequence, a prorubneyte stage is 
introduced which can scarcely be differentiated, if at all, from the rubrib ast 
The concept of distingmshing cells of the normal crjthrocj'tic scries chief!) on t e 
basis of cytoplasmic maturauon, though simple and gencrall) accepted, is rcp ac 
by a proposed differenaation which would be most difficult to follow us, an 
attempt at orderliness is likely to bring confusion instead 

It IS difficult to escape the conclusion that the recommended termino og) 
only add to the terms that the student must learn and would 
where there is sufficient already No one will be better off in tea mg iter 
» For another editonal on Namy for Blood CcU. se- Lancet ; 4S6 CMareh 15) >?49 
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published hitherto ind there will still be debate as to whether a given cell is one 
thing or another 

Differences in terminolog) ha\c arisen mainl) because of differences in interpre- 
tation of observ ations made under a \ anct) of conditions It is reasonable to expect 
that as new knowledge is gained, agreement will come naturally as there is better 
understanding Terms maj then be modified b) the normal process of evolutionary 
selection rather than through arbitrar) definition Emphasis, in short, should be 
placed on advancing knowledge rather than in too much concern about names 
Since the new terminolog) is not readily and wholly acceptable, nothing can be 
gained by its introduction at this time Haste will but make more difficult the 
acceptance of terms which time and repeated discussions of all those concerned, 
including interested indmduals in all English-speaking countries, might make 
possible in the future 

Maxwell M Wintrobe, M D 
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LETTERS TO THE EDITOR 


To THE EdITOE 

In the January issue of Bleed a condensaaon of the first nvo Reports of the Committee for Clarification 
of the Nomenclature of Cells and Diseases of the Blood and Blood Forming organs was published Since 
I am not convinced of the soundness with which this unilateral approach has been conducted I would 
like to bnng certain things to your attention 

Hematology is international in its scope and as a consequence its icnninology is not the property 
of any one country As in other saenufic disciplines the ulomatc goal of unifonmty in nomenclature 
IS certainly one which is desired by all It is for this very reason that the constiruaon of the Intcmanonal 
Soacty of Hematology lists one of its purposes — to attempt to standardize on an intcmaaonal scale 
hematologic methods and nomenclature 

Such an undertaking would undoubtedly enbst not only the services of clinical pathologists but also 
those of embryologists histologists physiologists zoologists tissue culturists immunohcmatologists 
wd others whose work might be influenced by an alteration m hematologic terminology The approach 
fflust be multilateral from the start Groups serving on this committee should be provided with extremely 
accurate illastrauons of cells under discussion Furthcnnorc these illustrations should include the range 
of variability of cell types 

This is not the first attempt by Americans to alter terminolog) As a matter of fact some of the 
confusion which is disturbing at the present amc is the pnmar) fault of Amcncan hematologists In 
^ 5^5 Doan Cunningham and Sabin with very good mtenaons wore The terminology m hematological 
literature has become so confused different investigators using the same dcsignauon for wholi) different 
histological entities or the same histological enut) being designated by a \anecy of terms that it 
becomes neccssar) to define the limited sense in which certam names alrcad) in the literature will be 
Q5cd in this paper Then in the case of ciy'thropoicsis they disregarded this b) using the term mcgalo- 
blast in a manner quite different from its accepted usage by such leading hematologists of that penod 
^ DowTicy Ferrata Maximow and Naegcli Addiuonal confusion in Amcncan hematology was created 

Pcabod) s unequiv ocal acceptance of Doan Cunningham and Sabm s thcor) and by Isaacs and Osgood 
Propounding thconcs of a similar nature It is unfortunate that Doan Cunningham and Sabin advanced 
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their theory for a\ian and raammalian crythropoicjis dnriDg a penod when lo mach cmphi5is wi3 bemg 
placed on the pathologic physiology of blood fonning organs If one ukes time to read Bnaih French 
German Swiss Italian Scandinavian and Latm Amcncan contemporary hematologic literature it soon 
becomes apparent that Doan et a! Isaacs and Osgood have placed certain phases of Amencan hcnutalogy 
m a sTry bad light 


For some time Europeans Latin Americans and some Americans have rccognircd the madcqoacy of 
the theory for red cell genealogy as proposed by Doan ctal Isaacs and Osgood Apparently Osgood too 
recognizes that something* is amiss and believes it can be rectified by avoiding ccitam terms hkr the 
mcgaloblast for example The importance of this cell type is more clearly nndrrstood in Europ- today 
than It has csTT been before In order to illustrate this importance consider the following from an mipob- 
lished manuscript 

*The mcgaloblast problem has many ramifications which affect, in varying degre es the thought in 
quite a few branches of medical saence Zoologists who do research in comparative hematology have 
pointed out that znegaloblascs and the first circulating mammalian embryonic red blood cells ihoald be 
called ichthyoid since they resemble the permanent red cells of fish and amphibians Thccmbryologiicu 
intcfcstcd in whether or not these cells are present only in the yolL sac during the prchapatic prnod of 
cmbryogcncsis or whether they are also found m the embryonic liver spleen and bone marrow They 
would also like to know whether the embryonic and pathologic red blood cells arc identical Some 
histologists teach that mcgaloblasts, derived firom endothelium of the adult arc present in normal bone 
marrow and act as normal precursors foi dcfininvc erythrocytes whereas other histologists consider that 
they belong quite definitely to the realm of pathology In the latter, many general clinical pthologiso 
maintain that the presence of mcgaloblasts arc pathognomonic for all liver pnnaple dcfiacncy an miss 


while on the other hand some do not consider their presence unusoal in any type of anemia, Eapen 
mcnul pathologists and internists have been attempting to produce in laboratory animals a condiaoD 
which would simulate pcnuaoos anemia of humans and some have purpo rte d to have produced a m'gslo* 
blastic bone marrow Some physiologists consider that these cells function as the first hemoglobin 
synthesmag units under normal coodinons and the biochemists arc confronted with the problem of dc 
termioing whether or not hemoglobin is identical under all condioons Pharmacologists, who are m 
tcrcsced in the bioassay of anapemiaous anemia preparauons would like to know whether or not 
mcgaloblasts arc the only red ccUs which will respond in the presence of these substances. Furthermore, 
they arc also concerned with dctcrmimng what poraons of speafic molecules of these substances will 
cause mcgaloblasts to disappear from the marrow of permaous anemia patients They also ponder the 
question of why all pauents with a mcgaloblasQc marrow do not respond to the same specific therapy 
^mc clinicians arc interested m the mcgaloblast problem because the presence of such cells in a piticnu 
marrow indicates to them a need for the adnuoistranon of speafic therapy which m most eases muiE 
maintained at an opamal level throughout the remainder of the panent s life And needless to say c 
absence of these cells from the sternal marrow of a panent with sctctc anemia affords the raoanalc or 

an entirely different therapy Lastly the hematologist has at least a thcorcncaJ interest in many i not 


of these phases pertaining to the mcgaloblast problem . . 

To some 1C may seem that all of this is so much hogwish and that the difficulty might be sol tea y 
by a change in terminology Therefore lee us cast aside all hematologic terminology and 
earliest cell recognizable as a hcmoglobmsynchcsiung unit as red cell No i The next step wo 

study this cell under cmbryooic fecal normal adult, pathologic and experimental condioons 

the morphologic features of its nuclear pattern and cj'toplasm If red cell No i ^ 

under all of these condiuons then we arc justified m sclccung the most appropnatc term as a 

On the other hand if red cell No i differs under embryonic, normal adult and certain p 

ditions we would not be jusafied in grouping all of these cells together In addi^ to • * 

constant morphologic differences then q tochcmical physiologic and biologic socles i 

determine the underlying basis for them Since there arc morphologic and other ^ 

of these cells, they should be called red cell No i under embryonic condioons In the 

normal adult conditions and red cell No i in liver prinaplc dcfiacncy anc^ 

latter instance it has been appropnatc to refer to these cells as megaloblasts becaus 
bad — was first applied to them by Ehrlich m 1880 
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Jujt for the sake of argament, let ut assume that the proposed terminology has been accepted by all 
Will It change the mcgaloblast normoblast problem? No, it svill notl In its place lomc American clinical 
hematologists and pathologists will continue to recogniic morphologic difrcrenccs b tween a p rnicious 
anemia typ- prorubneyte and a rubriblast and others will not The problem svill remain (ust to long as 
tome Am-rican bematologists either fail to recogniie minut' but constant dilTcrcnccs in nuclear pattern or 
fail to interpret them prop*rly 

The proposed terminology for red cells might have done better by utilizing good Anglo-Saxon terms 
like large, medium and small The propos-d terms of rubriblast and prorubneyte are regrettable in that 
they are hybrid A Latin-Grcek red cell gives rise to a Greek red cell However it is consoling to know 
that raegalocytes arc not to be asoidcd and that it is possible for them to come from meurubricytcs The 
suggested terminology will result in one more complex than existing ones, for example, mcgaloblasts 
become pernicious anemia type prorubricytcs In anatomic nomenclature there is a tendency to avoid 
cumbn-some terms and not create them Why should for example the pectineal part of the inguinal 
ligament b used when lacunar ligament is available? 

In conclusion, it is generally recognized that problems of nomenclature or classification become less 
complex svhen more is learned about the various attributes of the subject in question Anatomists have 
more than a casual interest in hematologic nom'nclature b-cause they are responsible for teaching cm 
bryology and histology to medical students It would be very unfortunate to teach two terminologies — 
one for prcclinical and the other for clinical courses 

Oliver P Jones 
Professor of Anatomy, 
The University of Buffalo, School of Medicine 


Dr Wintrobc s Editorial and Dr Jones letter were referred to Dr E E Osgood, 
who replied as follows 
To THE Eorrot 

Both Doctor Wintrobc ind Doctor Jones udmit a sutc of confusion in dcfimtioni and terminology has 
cxiitcd in the field of hematology Their criticiims which arc not clearly antwered in the reports of the 
Committee, condense to the following four scaccmcnts 
I Nixt ytitT ict ioill know rrmt Ihortfort w< should wmU 

AnswfT This has been and will always be true If we were to wait until all is known or until loo 
ptr cent agreement is reached, nothing would ever b done 

Tiny and somt oUhts crtlicixt lix term po^anulocytt, the terms stltcitd for tht erythrocyUc series and the 
<J»(*lifying adjective fhrast, pernicious anemia type 

Answer It is admitted that promyelocyte would be more consistent with other terras selected 
for cells of the granulocytic senes However, the Committee recommended the term, progranulocytc, 
b-ausc the definition accompanying it excludes cells containing neutrophilic, eosinophilic or baso- 
philic granules The term promyelocyte has been used for cells variously defined as containing lo 
cent 30 per cent or 50 per cent of their full quota of such granules and these arc lines of division 
between stages of difTcrcntiation which two observers cannot exactly duplicate 
The definitions and terms in current use for thecrythrocyiic senes were fully discussed at each of three 
meetings and the recommended terms resulting were agreed on as being the best solution to an ad 
niittcdly difficult problem The question is not Is this solution ideal? , but is rather, Can anyone 
•“ggest a better solution? General agreement on one definition and erte terra for each cell stage is more 
important than the particular term selected These were the terms xnd definitions rccorara-ndcd 
Agrccm nt is more easily reached around a conference table, so it seems most unfortunate that neither 
Jones nor Dr Wintrobc found it possible to attend any of the Committee meetings to which they 
'verc invited Dr Hal Downey whom Doctor Jones mentions in his letter was present at the meetings 
*nd fully concurs in the recommendations The 30 members of the Committee who have approved the 
recommendations of the second report include comp-tent men in most of the fields mentioned in Doctor 
Jones letter Dunng some of the meetings atlases of hematology as svcil as blood and marrow smears 
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and mj^oscope. were available to all d.rcuwaota so that morphologic differencet «,d s.milariae. 
codd be visually evaluated dunug the procets of reaching agreement for recommend-d cenns a»d 
dcnnicioos 

Both letters imply that use of these terms binds one to a particular theory One of th' most fonda 
mental principles guiding Committee decisions and emphasized in the reports has been to avoid aor 
attempt to settle around a conference tabic anything which could be settled only bp invcsagaoon If 
anyone wishes to teach his students that a polychromauc erythrocyte is less diffcrcnnarcd than a nonno- 
chromatic rubneyte he can express that opinion clearly m this recommended tcmunology 

One of the ma/or wcatacsscs of other tcrmmo/ogics has been that they failed to distinguish betwcai 
stages of differentiation and the disappearance of nbonndcoprotcin with simultaneous appearance of 
hemoglobin in the cytoplasm With the recommended terms both ran be clearly indicated Dr Win- 
trobc pleads for more consistency m the terms for the granulocytic senes but would retain the suffix 
•blast in the erythrocyuc senes for a cell with a pylajoac pamiJJy extruded or partuJJy aDtoIpzrd 
nucleus which docs not fit the entena for any other blast stage One needs to ask but one question re- 
garding the term pcmiaous anemia type versus megaloblastic. Esto if megaloblastic had 
only one definition would it not be clearer to the student of medicine studying it for the first omc to 
learn about pernicious anemia type granulocytes and pcinicions anemia type marrow picture 
than about t mcgaloblasnc marrow picture? Certainl) one could not speak of megaloblastic 
granulocytes yet the morphologic changes arc just as striking as those in the crythrocync senes 

3 A special atlas ts ntcessarj 

Anstcer If the dcfininons arc carefully read — and these defimnons arc just as important as the 
terms — it will be seen that the criteria for differentiation of the stages arc dearly lUnstratcd in every ailis 
of hematology that has ever been published The Committee dearly recognizes that all subdivision is 
arbitrary and that an lofinirc number of subdivisions would be possible They sdcctcd that Dumber of 
subdivisions which in their cxpencncc was dmically and dugnosacally useful and med to phrase 
definitions that would put the same cell in the same category when seen by different observen, but made 
provision for as much farther subdivision through the use of mc>difying adjectives as might be needed 
for any invcsugative purpose 

4 The recmmtnJattms shaald be tnicmaUortal before they are puhltsbei 

Asxsver The problem sc*ms suffiaently difficult to settle in om language at a omc It is the sincere 
hope of the Comrmctcc chat other language groups will form similar committee* and that they will give 
serious consideration to the advisability of sclccung the same dcfiniuons at least and to achieving a 
comparable nomenclature 

The ocher points raised in the two letters arc dearly aiuvsTfcd in the text matter of the repons of the 
Committee The Committee reports were circulated before pubJicanon to oil Committee memben 
whether or nor they were in actual attendance at meeting* These published reports* ^ ^ represent the 

combined efforts of a number of persons with the approval of the majoncy of the members of the Com- 


mirtcc they arc not the recommendations of any one individual 

The terms to be avoided arc not synonymous in most instances with the term to be used Tbcy 
arc merely terms that havT been used by some for the cells indudcd under the terms recommended an 
defined m the repora The Committee reports arc rccommtadatims only and provision has been nude lo 
review and revise terminology periodicaliy It is not to be expected that they will receive loo per 
acceptance in areas where saentific freedom exists A sunsucaJ analysis of the response to the 
mended nomcnclarurc which has been received by Committee members and the 
Climcal Pathologists has not yet b^n made, but it will be brought into presentable form an 
will be made public m a future Commitrcc report result 

In conclusion it is felt that to debate the values of any nomenclature in the sacntifc 
only in the amassing of a large bodj of pnnt and a loss of considerable time The interested 
letters should be referred to the published reports of the Commiticc for therein arc m 

purposes and guiding pnnaplcs If the recommended nomenclature has ment it wiU be 

merit it will acrophj from disuse The present indications — obtained bom verbal comment 

arc chat the recommended terms and dcfiniuons arc being widely adopted ^ 

As stated in the Committee reports the primary purpose of this Committtt w at 
clarify hematologic terms for the benefit of the medical profession as a whole and tore 
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ciDC and related sacnccs, rather than for the rclativcl) small proportion of the present medical profession 
which devotes most of its time to hematology 

For the Gammittec for Clarification of the 
Nomenclature of Cells and Diseases of 
the Blood and Blood Forming Organs 
Edvmv E OiOOOD, M D Chairman 
Roy R Keacte M D Dean The 
Medical College of Alabama 
F J Heck M D Mayo Clinic 
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A subsequent letter received from Dr Jones indicates that he was unable to 
attend two of the last meetings, and that he docs not agree on all points with 
the repon The following letter on the subject was received from Dr Frank H 
Bcthcll 


To THE EdiTOE. 

The sutements of the chairman of the Committee on Classificauon of Nomcnclarmc of Cells and 
Diseases of the Blood and Blood Forming Organs made in answer to the crincisms of Doctors Jones and 
Wintrobe have my whole hearted endorsement I believe that the publicauon of these letters will serve 
a. useful purpose if it leads to a broader understanding of the objectives and achievements of the Com 
inittcc As Dr Wintrobc says the opposition to the rccommcndanons of the Committee has been ex 
pressed for the most part in informal conversauons My partiapauon in some of these discussions has 
convinced me that the discussants with few exceptions ha^ not been well informed on the content of 
the Committee s reports I should like to urge that every interested person before he takes a position in 
this controversy read carefully the published reports of the Committee with particular attention to the 
<kfimtion5 

Frank H Betheix M.D 
University of Michigan Thomas Henry Simpson 
Memorial Institute for Medical Research 

FURTHER COMMENT ON NOMENCLATURE DISCUSSION 

From the vantage point of the Editonal chair, there seems to be a good deal of 
nient in both points of view regarding the proposed revision and systematization 
of hematologic nomenclature Although faint echoes are heard in this discussion 
of the frequently polemic articles which were seen in Folia Hacmatologtca years ago, 
It can be stated that the proposed system of nomenclature, as worked out by a 
serious group of well-intentioned observers, is not only in the interests of simplic- 
ity, but slanted frankly for the students and the younger generation of physicians 
Although some of us may dislike to have terms changed or systematized, many of 
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the younger men in the field have evidently taken to the newer tenm without too 
much difficulty, even to the seemingly outlandish ones of rubneytes and the 
like Certainly, consistency is always something to be applauded so wh} not me 
for leukemia the terms m}elocytic, lymphocyuc, and monocync rather than 
myelogenous, Iymphi»//f and monocyttc^ It is admittedly easy to slip into this parncu- 
lar consistency but on the other hand, one finds it hard to take to one s bosom the 
rubriblast or to understand the actual need for its use Therefore, it is good 
to note Dr Osgood s statement that the proposed system of nomenclature is by no 
means rigid and that by a process of selection the fundamentally correct and the 
simple terms will be retained and the wrong and the difficult ones will atrophy 
from disuse The members of the Committee are to be congratulated for the vast 
amount of time and patience they have spent around the conference table The) are 
doubtless correct in having obtained the impression that some of their critics might 
have been less critical had they spent some time with them in discussing their 
problems In any event, there can be little doubt that out of all this great effort, 
at least some good will ensue to the innocent bystander in hematologic nomen 
claturc 

Wnjxiif Dameshee, MJ) 
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BLOOD COAGULATION 

Stabiutt op Prothrombin and Ac-Globuun in Stored Human Plasma as Intluenced bt Condition 
OP Storage J L Faktj A G Wart and W H Stc^trs From the Department of Physiology Wayn 
University College of Mcdiane Detroit Michigan Am J Physiol iix*-i33, 1948 
Normal plasma has been shown to contain, among other things a globulin factor which affects the 
trinsformauoo of prothrombin to thrombin — a plasma accelerator substance colled Ac globnlin 
The present report concerns the subilicy of this substance and of prothrombin itself under vanon 
condiuons Under spccihc conditions human venous blood was drawn into citrate or oxalate ana 
coagulant mixtures and then after a vanccy of mampulations (ccDtnfogauon at vanons speeds storage 
for vanons penods of time use of vanous concencraaons of oxalate or citrate) tested for the amounts 
of contained prothrombin and Ac globulin 

For testing purposes Ac globulin was determined by a previously desenbed method in which pro- 
thrombin, thromboplastin and caluum arc present in controlled amounts, so that the rate of thrombin 
formation measures the amount of Ac globulin The amount of prothrombin was determined Ct) by 
standard two-stage method in which saline appears as a dilnent and CO hy a modified two-stage 
^^^cthod in which saline is replaced by bovmc serum (contaimng of course Ac globulin) 

In both oxalatcd and aerated plasma the prothrombin activity did not change for a penod of several 
After this period, the onginal two-stage method detected a progressive fall 10 prothrombin 
However by the modified mcchod — in which Ac globulin was added — the amount of prothrombin 
still unchanged for as long as fifty-six days It seemed obvious therefore that the affartnt fall in 
Prothrombin was illusory and that the fall was doc to a loss of As iJiohMltn and not pvtbremhm itself 
from the stored plasma In addiuon the apparent CiUusory) prothrombin fall occurred earlier and was 
more marked in oxalatcd than in aerated plasmas 1 c , Ac globulin was less stable in oxalatcd than 
citratcd blood 

^ In a further experiment a sample of oxalatcd plasma which onginally had a prothrombin content 
i9oonits/cc was found after 53 days of storage to have an apparent prothrombin concent by the 
^ginil two-sugc method of 19 unics/cc. When this dctcrminanon was modified by the addition of 
w bovine scrum or ([b) pure Ac globulin, or CO an extract of bovmc platelets then the prothrombin 
content was found sail to be 190 umts/cc. It thus seems that not only scrum but also platelets, contain 
1 prothrombin acccicratmg substance However platelets were also found to contain a factor which 
the stability of Ac globulin, this factor was apparently operaave after the platelet Ac globuhn 
dissipated Cm hours of storage) 

^ further similar expenments will compel revision of the simple schemata of blood coagula 
^ c seems likely however that the plasma , scrum , and platelet Ac globulin substances Cwhich 
^ iimUar) arc the same as Quick s prothrombm A and as Owren s factor V and that they play 
*®portant role during the ininal stages of coagulaaon 
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CoKCENTiATiow OF Prothkoubiv AND Ac-Globitun nv Vaaiouj Speoes K C MwTffygnJlV H Sttitrj 

From the Department of Phyiiology, Wajme Umvcnity College of Mcdicmc. Detroit Mjctupa. 

Am J Physiol i>}8 

The authors determined the concentraaons of prothrombin and Ac globulin in the bloods of nnens 
animals, including man and noted that there was a tvidc vananon from speacs to spcacs. For cxiinjOc, 
It was found that although the plasma prothrombin content in dogs man and guinea pigs ms the 
same (100 to 300 units/cc ^ the plasma Ac globolm of the dog measured 150 nnits/cc that of nuD u 
umcs/cc and that of the gumca pig 30 uma/cc Since the QaicL one-iuge method of pothrombm 
estimation measures not the amount of prothrombin but the amount of prothrombm plus the npidicp 
of Its conversion to thrombin (this conveaion depends to a large degree upon Ac glcijulm) it can 
seen that the differences in vanons species between the one stage and the two-stage methods of pro- 
thrombin determination may ^vcJi be due to the marked variations in concentraDon of Ac globalm in 
vinous speacs Thus dog, man and guinea pig have idcnacaJ prothrombin (two-stage method) 

but Widely divergent prothrombin times Cone stage method) due probably to the different Ac globolm 
concentrations found 

Man has a low plasma Ac globulin accivi^, and therefore a relanvcly high rano of prothromhm to 
Ac globulin Hence the authors suggest, there may be a relatively narrow margin of safetj bejrood 
which hypoprothrombmcima may occur 

S£. 


Platelet EiraAcn, Fibrin Formation and Interaction of Pdrifihd Prothrombin and TflROM^onA^ 
TIN A G If^are J L Fsbej sndW H Seegtrs From the Department of Physiology "Wayne Uoivcrsitj 
College of Medicine Detroit Michigan Am J Physiol 154 140-147 1548 
Analysis of extracts of bovine platelets led to a revision of the rclitivtly naive concept that plarcleis 
initiate blood coagulation by the liberation of initial amounts of thromboplaiDD Actually a snail 
amount of thromboplastin uf 4 s found in platelets, but it was only a very small amotmt In addioon two 
other substances V, ere pirescac (i) an Ac globulin type of substance and (1) a new factor called plittlct 
factor a- 

I Platelet extract was found to conum something which acccJcrared the conversion of prothron] id 
to thrombin in the presence of thromboplastin and calaum. This substance acted sunilarly to serum Ac 
globolm and was quancitaavely identical with scrum Ac globulin in m ability to convert protbrombm 

mto thrombin Inaddiaon platelet Ac globulin and scrum Ac globulin were both similarly prcapiu 

by half saturated ammomum sulfate and were both destroyed by heating to 53 C. On the 
there was a difference between the nvo substances in their length of subiUty at 53 C. and 
tic, only platelet Ac globulin could be sedimented m the uJtraccntnfugc Hence it was coflcln 
platelet Ac globulin and scrum Ac globulin arc probably two different protcmi with similar pro 
activating acuvittes The authors cstunaccd that some 5 per cent of the total accelerator acnvity 
from the platelets , ^ 

2. Platelet extracts were found to contam a previously undcsenbed action or substance ^ 
tened the acnon of thrombm on fibnuogen The factor was inferred from the following type 
thrombin -F fibnnogen * clot in 16 seconds 
platelet extract + thrombin -F fibnnogen clot m ii seconds 
plat let extract + fibnnogen no clot m 10 minutes 
This substance was rapidly diluted out It is soli under invcsnganon atcesJarV 

It IS pointed out that neither scrum Ac globulin nor platelet Ac globulin is a ^'j^uilcd schema i* 

the produenon of thrombin these substances appircntly act merely as catalpts I'^nonismcofTO" 

presented in which the roles of these accelerator substances in the initial stages 0 coaguia 

rated The schema of course 1$ soil speculamr S £. 


Prothrombin Conversion Factor of Dicumarol Plasma. C A , 
Division of Experimental Medicine, Mayo Foondaaon, Rochester 
Biol &Mcd 67 ^ 94 ® 


BjY/mv From ih' 
Proc. Soc. Esp^ 
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Data obtained from expenmenu on dicuraaroltzed dogs suggests that the hemorrhagic diathesis pro- 
duced bp dicumarol is attnbutable not alone to a disappearance of prothrombin but also to the loss of a 
faaor, the function of vrhich is to faalitatc the con\*cr5ion of prothrombin to thrombin Vanacions in 
the concentrauon of this conversion factor present in plasma scrum or scrum pseudo-globulin maj ex 
plain the familiar discrepancies in the results of one and nvo-stage methods of estimating prothrombin 
acnvitp It may also account for the therapeutic efficacy of scrum in the treatment of cattle with suect 
clover disease, a phenomenon otherwise difficult to explain 

CP^ 


Acnov tji LA Phejttx-Indaxt Diove sue le Taux de la PaonniosiBiNE I Etude Expzeimentale sue 
LE Lapin J P Sctther *nd J Gutgtttn 0 Utuxsatiov en Cunique Husiaine (Efpect op Phentl- 
Indane Diove on Protheombin Levels I Expew^iental Studies on the Rabbit II Use on 
Humans.)/ Citium and J P Soalitr Rev Hemat $ 180-195 ^ 94 ® 

In the fint senes of experiments using 16 rabbits, the authors found that phenyl indanc-dionc (P I D ) 
had a very marked effect on prothrombin level Doses of 10 to 10 miHigrams per kilo produced a decrease 
of prothrombin to a level of 30 to 40 per cent, this effect being reached before the eighteenth hour There 
was no modification of platelets clot rctracaon or fibnnogen level Higher dosage did not produce 
.greater hypoprothrombincmia and the authors did not find any hemorrhages csxn with a dosage ten 
tunes the standard dosage The lethal dose was well over 6co mg /kilo which gave a very high safety 
®^gin Histologic exammauons of the rabbits given very high doses of P I D (under 400 mg /kilo) 
did not show histologic mjuncs 

*nic P I J) svas used in the prevennon of thrombosis in 43 wopicn after pregnancy In all these cases 
doses of 10 to ijO mg /kilo yielded a very constant decrease of prothrombin level The decrease began 
earlier than with dicumarol about the twelfth hour and the full effect v as obtained between the twenty- 
fourth and the forty-eighth hour which is a 30 to 40 per cent level Return to a normal level was quite 
constant and ico per cent prothrombm was reached by about the ninety-sixth hour 

This constancy m the chronology is very different from that observed with dicumarol Individual 
*^i*ccpability to the drug seems also to be less important than m the ease of dicumarol 

In 2. Cases, the P J D was given to paaents with known thrombophlebitis (crery 3 days 10 mg /kilo ) 
"Uns dose was effective m controlling the prothrombin level around 30 per cent The paaents state was 
in both eases favorably affected In the 41 cases where the drug was given prophylacacalJy, no phlcbius 
observed 

In contrast with these advantages the complete macavity of vitamin Kj even in huge doses and even 
when given pnor to the admmistranon of the P LD must be emphasized But this fact is perhaps of 
importance since in no ease was hemorrhage or hypoprothiombmama of less th«n 10 per cent 

observed 

J P^ 


The Relationship op Heparin Acnvrrr to Platelet Concentration C L Ccnltj R C Hartmann and 
J S Lsllty From the Department of Medicine Johns Hopkins University and Hospital Balamore 
^Urylind Proc Soc Exper Biol &Mcd 69 2B4-T87 1948 

To evaluate the significance of the reported increased snsccpubility of thrombocytopenic blood to 
(Ann Int Med rj 38l,I947) these mvesugators studied the clotting times of platelet free and 
^ plasmas prepared in silicone coated apparatus which were mixed in different proporaons 

^ contamed graded concentrations of added hepann The data presented justifies the conclusion that 
“^guitudc of the dot inhibitory effect of hepann is inversely proporaonal to the number of platelets 
and that the increased susceptibility of thrombocytopenic purpura blood to the acuon of hepann 
” “^^^aublc to the reduced platelet concentraaon rather than to a supplemental anacoagolanc effect 
need by the presence of hypotheac hepann like substance The results further suggest that the con- 
^traiion of acn\-c hepann normally present in plasma IS minute ic 00005 mg /ml or less 

CPX. 

Relation BErtt-EEN Pituitary Adkenocorticotrophin and the Circulating Blood 
latelets GnerandB R Breten From the Joseph H Pratt Diagnostic Hospital and the Depart- 
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mcnt of Mcdianc Tuft* Medical School, Boston Massachusetts Proc Soc. Eiper Biol A Med (p 
361-361, 1548 

Since an increase in platelet concentrauon is osnaJlj found in the pcnphcral blood attending lafrcnoo, 
trauma hemorrhage, and asphyxia, conditions which scimnlatc a release of pituitary adrcDocoreco- 
crophin (ACTH), the possible effect of the latter was tested in rats injected other with hog pinmirr 
tissue or purified ACTH A preparanon of the latter was alio given by repeated mtramusculir lujcctioa 
to five human subjects including three normal individuals one male afld two female, a young woman 
svich hypopituitarism and another with thrombocytopenic purpura following an umocccssfal spleocc 
tomy No change in platelet count was detected following these procedures Moreover although pitmtiiy 
ACTH IS capable of causing a dissoluuon of lymphoid assoc with penpbcral lymphopenia (Endocnnol 
ogysf i 544 ),norcdncaonofarcalaangIymphocytcsocCQiTcdmthcstfcxpcnmcnts the only hemato 
logic effect noted being a transient polyraorphonnclcar leukocytosis 

The Chzkicai. State op the CALauu Rbactino in the Coaoolation op Blood A J Qnuk ni AL 
Sttfantni From the Department of Biochemistry, Marquette University School of Mcdicioc, Mfl 
wauLcc, Wisconsin J Gen Physiol 32 151-ior, 1948 

For many years It has been generally accepted that ionized calaum is csscocial forcoiguliaoo Theme 
of ambcrlite which qoanacaavcly removes caJaom from the blood and other new tech nics hive been 
uulizcd by the authors to rciovcsagacc some of these problems Sodium oiidaic and atratc act in different 
manners The oxalate not only precipitates ionized calaum but it also removes it from a compound which 
IS cssenual for coagolaaon Citrate combines with prothrombin and reoders it inacavc "The adiinoo 
of magnesmm or stronuum restores the prothrombin to its original state Studies of prothrombin icunty 
under vanous types of condiaon have suggested the presence of a labile factor which ii Indispensable for 
coagolaaon and unstable in decalcified plasma ^ ^ ^ 

Eppect OP AwiNOPHTixrN ON THE Coaooi*ation OP Homan Blood D fV pManJALC Pgrtrrsn Vtom 
the Department of Mcdianc Columbia Umvcnity College of Physiaans and Surgeons and the h 
ical Semcc of the Presbyterian Hospital, New York City, New York Proc Soc. Eiper Biol A 
6 p 130-133, 1948 

Expcnmcncs arc reported which fail to confirm published reports ascribing to aminophy ^ 
phyllio-ethylcncdiaminc) a thromboplasac acaon with an accclcraung effect on blood clotting w 
might predispose to intravascular thrombosis Following the administration of aminophy I hn 7 ^ 

by vein no staasacally significant changes were detectable in the ciotnng nine or prothrom macti ly 

of hospital pauents with normal hepatic funcaon and hematological finding* C.PX. 

PaoLONOATiON OF AcTiON OP Hbpaxin J J L N Smssvjsh 0ni Ak J From the 

Service Beth Israel Hospital, New York City, New York- J A M,A thindu^ 

In search for a form of hepann which might have a more prolonged acaon in c ^ of jqoroos 
currently available the authors devised a concentrated form of hepann 3 “^ in this fenn 

solution^cmnlsificdinainirturcofcholcsteroldcnvaavcs p-anutoil andb^wax 't^pjnocofth 
of about a milligrams of heparm per pound of body weight resulted in satisfactory pro effects 

coagulauon amc for seventeen to tsventy four hours after a single injccatm There were 

and no hemorrhagic phenomena with high coagolaaon ames According fo ^ jjje coagulation 

Iigibic Compared with this method the use of concentrated aqueous hcp^n 1° i5joaatcd with 

time for only six hours and the use of hepann dissolved in Pitlan s 

severe pain at the site of injccuon f other forms of hepann they 

Although the authors list expensiveness as a disadvantage in the use o 
do not menuon the rclaovc cost of the enrrent preparanon S E 



ABSTRACTS 


787 


Hbieditary Hjq-iorrhaoic Telanoiectases Aisckhated with Pulhonary Arteriovenouj Fistula is 
TWO Members OF A Family J H Mojcrarul A J Ackerrruft From the Brooke General Hospital, Brooke 
Army Medical Center Fort Sam Houston, Texas Ann Int Med ap 775-801,1948 
This IS a well documented article (37 references) m which the literature on hemorrhagic hereditary 
telangiectasia is reviewed A family with the disease is desenbed and particular reference made to the 
pulmonary artenovenous fistula which occurred in nvo eases Ginical, pathologic physiologic and roent 
gcnologic aspects of this complicauon arc discussed 

CAF 

Hemorrhage G ScbwartzjfJoiJ otbtrs From various centers Ann New York Acad Sc 483-660 
1948 

This monograph includes, among other topics, the following discussions on hemorrhagic disorders 
mcchamira of coagulation, heparin, vitamin K and other vitamins, pseudohemophilia hypoprothrombi 
nemia and the metabolic alterations following hcmoirhagc 

S£. 


ERYTHROCYTE MORPHOLOGY AND PHYSIOLOGY 

The Structure OF Unstaiked RjmcuLocTTEs G Bricber From the Pathology Laboratory Experimental 
Biology and Mcdiane Institute National Insututc of Health, U S Public Health Service Bechesda 
Maryland Proc Soc Exper Biol & Med 69 ^94® 

By means of phase microscopy, according to the author, it is possible to demonstrate the presence of 
intracellular granules and rods exhibiting Brownian movement, m unstained wet preparaaons of moiisc 
blood diluted with hypotonic oxalate solutions Similar findings were obtained on examining dned nn 
fixed smears mounted in 10 per cent formalin or i x per cent ammonium oxalate The number of cells 
presenting these charactcnsaci corresponded with the number of rcuculocytcs counted by routme 
methods Moreover, their idenofication as reticulocytes was confirmed by the device of adding bnlhant 
ctesyl bloc or new methylene blue to the oxalate diluent these rods and granules being incorporated into 
ttiinablc rcaculom Similar observations have been made in preliminary studies of human blood 

CPE. 

SiDERocTTE Counts IK THE Blood OF Normal AND Premature Infants H P Wn^bt ondD G Edmonds 
Prom the Obstetric Unit University College Hospital London England J Path &Bact 60 34X-344 
1948 

Fifty normal full term infants and 7 premature infants were examined daily for the first 8 days of life 
Parallel observations were made usmg the aa' dipyndyl staimng technic and the pmssian blue method 
Reticulocytes were also counted The pcrccnugc of granule containing cells (sidcrocytcs) was very sum 
lar with both methods The number in the blood of normal new bom infants gradually decreased doting 
the first 8 days to approximate the value reported for normal adults There was a nsc of siderocytcs from 
the second to fourth days in infants exhibiang physiologic jaundice Premature infants had an even 
higher sidcrocytc percentage with the maximum occurring on the fourth day 

OPJ 

Viscosity Studies OF Erythrocytes FROM Persons WITH SiCKXE Cell Disease W lA^IAsCcrd W H Yitllty 
P K Swifter and F B Culp From the Departments of Chemistry and of Mcdiane Medical College 
of the Sure of South Carolina and of Roper Hospital Charleston South Carolina Proc Soc Exper 
Biol fit Med 69 I9-XX, 1948 

The increase in blood viscosity attending the sickling of red cells previously demonstrated in cases of 
sickle cell disease Q Qin In%csugation 788 1940) has been utilircd bj these authors as the basis for 
a viKosimctnc method adapublc for the study of this trait Employing an OstwaJd viscosimeter and 
testing preparations of red cells washed and suspended in TjTodc s solution an increased viscosity was 
ohsentd following cquihbraaoo of the samples with nitrogen or carbon dioxide an effect which was 
prevented by prclirainar> equilibration w ith carbon monoxide but not effcaed bj aJtcrauons of pH, by 
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repeated washing of the erythrocytes with saline soluuon or by the addition of hcpinn onUtc or 
cyanide 

CP^ 

The Quantitative Desouption of the Feaohjty of the Eeythkoctte and ns Appucatiov to thi 
Study of Acholueic Jaundice G Discombe From the Department of Pathology St BartholotncK i 
Hospital London England J Path & Bacc 60 315-31^ 1948 

Red cell fragility may be quantitated by counting the number of erythrocytes which rorvivc treatmeot 
in a gi'cn solution or by mcasnring the hemoglobin liberated For precise work the hcmoglobiaometnc 
method using a photoelectric absorpiomctcr is essential That concentration of salt which prodaccs 50 
per cent lysis is designated the mean corpuscular fragility orM C F When plotted on arithmetic probabih 
ity paper the points for normal subjects fall on or close to a straight line Fragility curves from pancoti 
With classical achoinne jaundice vary considerably in form and suggest f^o or three groups of ccUs 
differing in IvLCF and its standard deviation The affected members of oflc family suffenng from icho- 
lunc jaundice yielded straight line cun'cs It is suggested that this family has a gencucally distinct fonn of 
the disease 

OPJ 

Eftect of BAL on Cobalt Induced Polyc ythes qa in Rats L, 0 Jaetbs^n -E K. Marti end E Gdsta 
From the Argoanc Naaooal Laboratory and the Department of Medicine Umversity of Chicago 
Chicago Illinois Proc Soc Exper Biol &Mcd tfp 84-86 1548 

Id vTtvj tEc demoDstsatioD (.Fed Proc j 116 1946 J P)io\ Orem jf) 7^3 1546 CaTiMS i 
497 1946) that the toxic p-opertics of cobale arc related to its effect on — SH groups the accoo of BAL, 
a protector of — SH groups m arsenical poisoning was studied with reference to the possible pfcscnution 
of cobalt induced polycyrhcmia m rats No such inhibitory influence of BAL on the development 0/ 
polycytherau was demonstrable when the drug was supplied three times wccLIy UJ » dose of ai mm /Kg 
concomitantly with colbatus chloride 

CPE. 


Oxtoen Saturation of Sternal Maerow Blood with Special Referenc^k to Pathooenwo or Potr 

cYTHEknAVBRA L Bffk, J H Btmbotal T Wood MndW B Cssrlf From the Tbornditc Mtmonil 

Laboratory Second and Fourth Medical Services (Harvard) Boston City Hospital andthcD*pa^ 
ment of Medicine Harvard Medical School Boston Massachusetts Proc Soc Exper Biol & N 
6 p 316-310 1948 

The authors performed gasomctric measurements of the oxygen content a^“ capacity 01 
obtained from the sternal marrow cavity of 2.3 patients with polycythemia vera 6 with second^ po J 
cythcmia 12. with chrome anemia and ii with leukemia and myeloid mcUplASi* Control sm ^ 
conducted on 34 individuals whose hematologic status was csscnnally normal The range 0 P^^^ 
oxygen saturaaon was similar in all groups studied with the exception of panents with 
cythcmia in whom there was a reduction of marrow oxygen saninnon corresponding to t c ^ 
unsaturaaon of the pcnphcral arccnal blood Although dau were obtained 1° some eases lagg^n S 
increased oxjgcn uuliaation rclau\x to the blood flow the technic of sampling used by t c ^ 
eluded m their opinion a saasfaaory dcmonscrauon of local hypoxia to which increased re 
ducaon in anemic states has been attributed and which may be responsible for chronic ciyt ro 
stimulanon m paents with polycythemia vera £ 


Some Aspectj or Red Ceix Peoddction and Dejtroction Eitor R ^ <77-70) 

From the Amcncan Museum of Natural History New York- Ann New Jor ca 

ms acccUcnt monograph comprises six arnclcs on the architcctore red cell 

the red cell There are font comprehensive but concise reports on ic hin „rphynn nietah- 

cytochcmistry, endoennes and erythropoiesis cxpenmental ^ nrchanismi 

ohsm and two more clinical articles on the macrocytic anemias and the hero ) 5^ 



ABSTRACTS 


789 


A Heiiatoloo:cai. avd HirroLooicAL SiuDTOrTHE Bove Mariow and Peripheral Blood op the Adult 
Dog P E RtktrumJM Ccalter From the D.pirtmcnt of Radiation Biolog) The Unit ersity of Roches 
ter School ofMcdicine and Dentistry, Rochester Nen York Am J M Sc 216 643-655 1948 
These data should provide a useful baseline for those investigators studying hematologic changes in 
the dog The authors demonstrate a similar differenual cell distribution in different areas of marrow al 
though the degree of ccllulanty was variable 

C A F 


THERAPY OF ANEMIA 

Observatiovs ov the Etiologic Relatiovskip of Achyua Gastrica to Pernhoous Anemia X Activitt 
or Vitamin Bu as Food (Extrinsic) Factor L Berk W B Ctsrlc A D Welch K W Hetnle K Anker 
tend Al. Epstetn From the Thorndike Memorul Laboratory and Harvard Medical School Boston 
Massachusetts and from the Departments of Mcdiane and Pharmacology, Western Reserve School of 
Medicme Qe\cland Ohio New England J Med 2)9 511-313,1948 

The Boston lovTsagators had previously dcraonstrattd a heat stabile food substance so-called ex 
tnnsic factor which m combinauon with a heat labile factor of normal gastric juice produces a hemato- 
poicac response in patients with pcmiaous anemia They report the potentiation of crude and concen- 
trated liver extracts by gastnc juice as wll This article is concerned with the acaon of normal gastric 
juice on four patients given 5 gamma of vitamin Bj daily by month In each a greater reticulocyte rise 
occurred with the simultaneous admimstration of gastnc jmee and Bl. It is suggested that the cxtnnsic 
factor may be identical with or clos-ly related to the anapemicious anemia factor of liver which itself 
is presumably idcnacal with Bjj Since patients with pemiaous anemia have normal amounts of B^. in 
their feces it appears that the frmcuon of normal gastric juice is to facilitate its absorpuon 

CAF 

Pterotlolutamic Aero and Related Compounds T H Jukes aetd ELK SteksSsd From the Lederle 
Laboratoncs Division Amcncan Cyanamidc Co , Pearl River New York. Physiol Rev 2S 51-106 
1548 

This review of fobc aad knowledge delves into extensive histoncal data on vitamin M vitamin Be, 
xanthopterin, nontc cluatc factor and Streptococcus lactis R faaor and then discusses the analysis 
synthesis and properties of ptcroylglutamic aad The role of the matenaJ m the nutntion of vanous 
animals (mice dogs guinea pigs pigs mink insects) is covered and the interrclationshi'^s of con 
jugated forms There is a closing section the clinical uses of the drug 

SE, 

Fouc Aao Editor K W Miner From the Museum of Natural History N Y Ann New York Acad 
Sc 4! 1.55-350 1548 

This monograph details mformaaon on the history chemistry and pharmacology of folic aad and 
presents a few notes on its clinical effects in pcrniaoos anemia and nutnuonal maaocytic anemia The 
dau cover the knowledge of the substance up to Noixmbcr 1548 

SE 

pTEROTLOLDTAsne Aod DEnoENCT IN Mice Hematologic and Hisrotnoic Findings D K Wetr K W 
Hetnle and A D Welch From the Departments of Medicine and Pharmacology School of Mcdicmc 
Western Reserve Um\’crsit> and the Umvcrsity Hospitals of Qcveland Qcvcland Ohio Proc. Soc 
Exper Biol &. Med 69 u 1-115 ^94® 

Mainumcd from the time of weaning on a ptcroy Iglutamic aad (PGA) defiaent diet and a PGA 
anugonist later supplemented v.^th sucanylsulfaihiaiolc mice developed granulopenia lymphopenia, 
and anemia in 30-60 day's Histologic exammaaons of the spleen at this stage indicated practically com 
picte cessation of normal hematopoietic acn\ ity and excessive hemosiderin deposits in that organ Simrl 
tancous bone raarrov. changes arc described indicaung marked hyperplasia of immature elements idcn- 
tificd « pnrmtive blajtic ccUi and a depletion of more adult forms interpreted os ev idencc of mamrauon 
arrest Following the parenteral administration of PGA the regtmen bemg otherwise unaltered the 
choractenstics of the peripheral blood spleen and morrow promptly reverted to normal Thus whereas 
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the vitamin may not be required in mice for the formation of the most immature blood clcmcnti the ma 
turation of these cells apparently depends on the presence of PGA 

CJE 

Failum OP Xanthoit^n TO lNTLUENCEHEMATOPOias« AND Growth IN Rats J A Pntchsrd From the 
Department of Pharmacology School of Medicine Western Reserve Umversity Cleveland, Ohio 
Proc Soc. Exper Biol Sc Med 6 ^ 1x1-12.5 

The effects of ptcroylglutamic aad (PGA) and of xanthopterin were studied m weanling f^mtlr ilbiuo 
rats maintained on a purified folic aad-defiaent diet supplemented m one senes by sulfathiaaole and, m 
another, by succmylsulfathiaiole a pomoo of the latter group being subjected to repeated bleedings in 
order to produce a n e m ia. The majority of sulfathiaiolc treated rats developed anemia regarded as hemoly 
ac m origin, accompanied by evidences of reticulo^osis Iculcocytosis and mcreiscd excretion of bile 
pigments not completely correctible by PGA or xanthopterin Those receiving snccinylsulfithiaiolc 
and m which blood loss anemia was artifiaally imposed, exhibited erythrocytic, leukocytic and growth 
responses when PGA was supphed xanthopterin proving completely inert. 

CPE. 

A Method for Studyino the Effect of Various Substances Upon Red rwr ?. Maturation In Vmo 
E E H^s From the Department of Biochemistry, University of Vermont College of Medicine, Bar 
lington Vermont Am J M. Sc artf 315-533 1948 

The author describes m more detail his method of assaying hematopoietic factors m vitro The bone 
marrow cells of rats are used and the number of reticulocytes counted after a penod of incnbation with 
various substances His studies would indicate that normal rats serum, human scrum liver extracts potent 
in treatment of pcmiaous anemia Bu Tyrosine gluuthione and Bacto-yeast extract appear to have a 
red ceil maturing effect ic a high reticulocyte count in the incubated marrow Folic aad was not active 
In vitro methods of studying hematopoiesis arc needed This method, while perhaps a rough index 0/ 
alteraaoQ m the marrow cells has the advantage of being simple and has been shown by the author in 
other studies to be a worth while assay method for potency of liver factors 

CA F 

Treatment of Idiopathic PBRNiaooi Anemia K L H^dm artd D W Bertt From the Qcvclind Qinic 
and the Frank E. Buntx Educational Insututc Cleveland, Ohio J A M. A ijS 870 - 873 »i 54 ® 

This IS a general review article which emphasizes that the necessary and soflBaent therapy in pcmiaous 
anemia is refined parenteral liver extract and that all other drugs (ptcroylglntamic aad, iron 

chloric aad vitamins, oral preparaaons of liver) arc useless and unnecessary There is no discosnon 

vitamm Bi^ 


LEUKOCYTES, LEUKEMIA AND LYMPHOMA 

A Studt OF THE Blood OF Some Ceottacba W C Geof%ra 7 tJJ NkMj From Department of J^toiny» 

the Umveruty of North Carolmi Chapel Hill North Carolina. J Morphol 1 } 

The blood of most cmstacca contains tsro mam classes of cells when examined m the bring i > 

VII. those snth rcfractile grannies or globules and those without Carefnl cumina^ (^loodttlls 
magniBcation reveals that only a few have a truly hyaline cytoplasm In general font typa ° 
arc recognizable Lymphoid cHls which arc few in nnmber small and globular or spin c s^^ 
second type arc thigmotacnc amoebocytes, which are acmi hyalmc and someumes 
cells are the most active phagocytes of the blood and they can ingest Indu m w 
animal A third type consists of those cells svith coarse, rcfriculc jo nsoally 

typ- of cell contains refracnlc grannies which are intermediate m sue „nparablc to the 

seen in semi hyalmc thigmocytes and the cells svith coarse rcfracule granules 

mammahan lymphoblast or hemocytoblast and type H to the weak m 

genesis occurs m the blood channels The dotting mechanism is powerful 
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Mast r c Theix DxsnuBunov in Vawous Human Tissues J Jants 0nd J JL lArDonsld From the 
MifO Qimc, Rochester, Minncsou Arch Path 4$ 611-634, 1948 

Tissue mast rrlls have been the objects of many researches, but it took the work of Holmgren and 
Wilander (193?) “ focus our attenaon on their probable phjrjiologic role with respect to heparin pro- 
ducuon This has stmuilated investigators to apply vanous physical and histochemical techmes in order 
to the nature of the mctachromaac granules in these cells Wislocki and Dempsey CAnat Rcc 

^6 149, 1946) studied mast cells m the human and rat and found a species difference with respect to the 
presence of lipoidal material The basophilic granules vs^rc not digested by nbonuclease or hyalouroni- 
Noback and Montagna (Anat Rec. a79 1946) showed that alkaline phosphouse was localized 
in the majonty of mast cell granules The cytochrome C-cytochrome oxidase system was also present 
Wislocki Bunting and Dempsey CAm J Anat Si 1, 1947) showed that the mctachromaucrcacaon was 
nnal rr r rd by hyaluTomdasc and that the granules did not give the Bauer reacnon after digesuon with 
saliva Montagna and Noback (Anat Rcc zee 535, 1948) have extended our knowledge by demonstrat- 
ing mast cell granules contain phospholipm peroxidase and lipase Janes and McDonald have studied the 
dismbuaon of these cells in a wide vancty of human tissues and have concluded that their presence in 
synovial membranes may explain why the hemarthrosis 1$ often fluid in closed injuries of joints There is 
a defimte increase of mast cells in the synovial membrane m tuberculosis and other chrome infections 
When a solution of protamine was added to fluid blood aspirated from a knee it formed a defimte co- 
agulum This suggests that hepann may in part be responsible for the prevenuon of clotting inhemar- 
throsts 

OPJ 

TjmrKfTT! MT^LOIDE k POLYNUCXfiAiaES ET POLTOLOBULIE PoLTNUCLZA*. LEtHCESnA AND PoLT- 

CTTHEMIA ) P EzntU Wttl and S Perlts Sang 19 442.-447 1948 

Polynuclear Icukemu IS a type of myeloid leukemia desenbed by P E Weil m 1937 (Sang y 539 1937) 
with the following charactcnsucs moderate increase of the leukocytes (average 30 oco to 50 000) 80 
to 99 per cent of these leukocytes being adult polynuclcars myelocytes very scarce (2. to 3 per cent or 
absent) very few metamyelocytes Bone marrow Uver spleen show the usual features of myeloid leu 
ypmii with more than the usual ratio of adult cells (for instance, 30 per cent myelocytes, 30 per cent 
metamyelocytes 30 per cent polynuclcars) The evolution of the disease usually is very slow (f*n years) 
Since the onginal description Wcil has seen 13 cases of such polynuclear Jealamia The red cells arc 
usually slightly modified and some nucleated red cells can be found m the peripheral blood In the a cases 
reported in the present commumcation a polycythemia bet w een 6 and 8 millions was observed 

The authors discuss the relation between myeloid leukemia myeloid metaplasia of the liver and spleen 
and polycythcmias Nomcroas forms of transitions arc possible between these syndromes withanimtial 
onset of polycythemia or of myeloid hyperplasia and with a more or less malignant character of this 
hyperplasia 

JP^ 

MeoACAaTOcme Leucaemia with THROStBOCTTHAEsoA G Htmnultr Qimqoc mcdicale umvcrsitairc 
Lausanne (Svntzcrland) Schweiz Med Wchnschr yS 9 ^ 7~977 194S 

The case desenbed shows as an outstanding symptom a platelet count up to 3 3 millions without 
anemia or leukosis In the bone marrow enormous increase of megakaryocytes with normal diffcrcnnal 
count and morphology Clinically good general condiuon no lymphomata and onI> slight enlargement 
of spleen Treatment with urethane ancme and nitrogen mustard caused a decrease of thrombocythcmia 
and splenomegaly 

The case shows a sclccavc increase of mcgakaryocytcpoicsis without paraapation of hematopoiesis 
or leukopoicsis 

CM. 

TaaAT>fE.vT or THE Leutemias G L Kantr Jr From the Department of Medicine Cornell Umvcrsicy 
Medical College Newport New York Am J M Sc. 58i“395 194S 

This aniclc encompasses m its discussion thcrapeuuc agents of theoretic and pracDcal \'alDc m leu 
kcmia The current literature isbncfly and cnticallj summarized (89 references) 
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The Negative Eppect or Fouc Aod on Iehadiation Leukopenia in the Cat W S AJm end] S 
Latmna From the UniTCrjity of Rochester School of Medicine and Dennsny and the Medical Depan 
ment of Strong Memorial and Rochester Mnniapai Hospitals Rochester New Yotk Am J M Sc, 
arf 656-660 r948 

The authors present convincing evidence that folic acid orally or parenterally did not influence the 
leukopenia prodneed in cats by caposure to zoor whole body irradiation 

CAP 

Experimental and Clinical Therapedtic Studies on Ltmphosaxcoma C P Rteeds From hfemorul 
Hospital New york City New York Ann Int. Med aj Sii-Sii 1548 

^Vhat IS known of the natural history of lymphosarcoma is discussed The vanons advanuges of 
surgical radiation Pp. mustard and other misccUaneous agents m the management are renewed 

CAT 
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The Rh Blood Groups and thttr Cltntcal Effects By P L Mouuson, A E Mobiunt 
AND R R Race Med Res Council #19 London, His Majesty s Stationery 
Office, 1948 Revised, reprinted November 1948 Pp 74 Pnee i sbdliag, 6 pence, 
net 

Tbis short booklet by three eminent British authorities summarues present 
knowledge of the Rh-Hr factor and presents this information in an understandable 
manner The subject is roughly divided into three mam headmgs, and each is dis ^ 
cussed by the investigator most intimately concerned with that phase of the topic 
Dr Race describes the present concept of the genetic inheritance of the various Rh 
genes, their distribution in the population and the roles which the various factors 
of the Rh-Hr complex (C, D, E, c, d, c, ) play in incompatibility matings Dr 
Mollison takes up the climcal considerations of this subject He discusses in dctai 
the ways in which iso-immunization to the Rh factor occurs, the role of sensitiia 
tion in hemolytic transfusion rcacuons and in the causation of hemolyuc disease 0 
the newborn The topics of diagnosis, pathologic anatomy and therapy 0 t is 
affection of the fetus are well handled and most of the disputed points and unso \c 
problems are clearly discussed Dr Mourant describes the actual mechanics o t e 
various tests and manipulauons now m use in the routine typing procedures in t e 
diagnosis of sensitization and the establishing of the presence of hemol) tic iseasc 

in the newborn , , 

This booklet expounds concisely and quite clearly our present state o 

concerning this important subject 
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THE CLINICAL ASSOCIATION OF MACROCYTIC ANEMIA WITH 
INTESTINAL STRICTURE AND ANASTOMOSIS 

By D G Cambron, M D , G M Watson, M B , D Phil , 

AND L J Witts, M D 

B efore 1900, several Scandinavian authors had observed that intestinal stric- 
ture might be associated with an anemia resembling pernicious anemia 
Faber," who described a case of permaous anemia in a young woman with multiple 
intestinal strictures, was the first to recognize the relationship between the two 
conditions Other reports followed, and Mculengracht“ reviewed za. cases of macro- 
cytic anemia associated with intestinal stricture Little, Zerfas and Trusler” dc- 
senbed a case of anemia, with a blood picture tvpical of pcmicous anemia, in a 
young man on whom a senes of operations had been performed to cure a fistula, the 
sequel of acute appendicius In this case, anastomoses were present and it appears 
to be the first recorded in which the anemia was associated with the presence of 
anastomoses This patient responded well to liver therapy and relapsed when this 
was discontinued Since 19x9, funher cases of both stricture and anastomotic 
anemia have been desenbed, though it has not always been possible to separate the 
two conditions Barker and Hummel' reviewed 51 cases, z of their own and 49 
collected from the literature Since their publication, additional cases have been 
reviewed by Jensenius,'® and a recent case has been reported by J E Richardson " 
The mam features of the published cases of this anemia are analyzed in table 1 
This table is based on the figures given by Barker and Hummel, but has been 
amended by the inclusion of cases published since their review and a further case 
admitted to the Radcliffe Infirmary in 1944 (R I Z6019/44) which is desenbed 
below Two other cases have been reported briefly by Wintrobc’ but as no details 
are given the) have been omitted from the table Anastomosis was the basic abnor- 
mality in Z3 cases, while in 37 cases one or more strictures were present One case 
had multiple diverticula Of the anastomoses, 15 were entero-cnterostomies or 
entcro-colostomies, z of which had fecal fistulae in addition, and 8 were gastro 
colic or high )C|uno-colic fistulae The strictures were mostly of the small intestine 
but 6 were in the colon In iz cases, the strictures were shown to be tuberculous, in 
3 others regional ileitis was present or had been resected, and some cases reported 
as tuberculous but without definite proof, ma) properl) belong in this categor) 
n other cases the stneture was secondar) to adhesions, and in some no cause for 
'he stricture could be found In some of the 8 cases where there was gastro-colic or 

From the Nufheld Department of Clinical Mcdianc Radcliffe Infirmary Oxford England 
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jcjuno-colic fistula the anemia may be partly attnbuted to an underlying lesion 
carcinoma or peptic ulcer In a few eases, the intestine had been resected to a vary 
iDg extent, but in no case more than 6o cm , and it is unlikely chat resection was an 
important factor in the production of anemia, as Jensenius^* has shown that much 
more extensive resections are necessary to produce anemia, both in man and in the 
experimental animal 


Case Report (R I l6oi9/44) 

The patient was a woman of 42. whose mother was known to have pcmiaous ancraii In 1538 tbij 
patient first developed symptoms of sabacutc intestinal obscmction After three months a liparotom/ 
was done and adjacent loops of ilcam anastomosed with relief of the abdominal symptoms In 1939 she 
again became ill and was found to have a sfcvcrc hypcrchromic anemia with a hemoglobin value 0/59 
Gm per cent and an erythrocyte count of 1 69 millions The blood film showed macrocytosis initocyto- 
sis and poikilocytosis Treatment at this time with an oral hver preparation was very effective 

In the snromer of 1943 she was unable to obum oral liver extract and was created mth an mtrafflos- 
cnlar preparation In spite of intensive therapy, she began to get sore tongue and indigestion she lost 
weight and the anemia recurred She complained of abdominal discomfort and distension and of piraes- 
chcsia in the bands and feet The stool was unformed with a bowel acuon usually twice a day 

She was admitted to this hospital in Apnl 1544 There was slight dabbing of the fingers There was 
extensive edema of the legs and a little glossitis The abdomen was distended m the center by a swelling 
apparently composed of firm coils of boivcl and there was visible and noisy peristalsis Physical cxacuoa 
tion was otherwise negative The blood pressure was 135/50 the urine was normal and there was no 
objective evidence of neurologic disease Laboratory investigation at this ume gave the following rcsolti 


5/W 

Hemoglobin 5 4Gm 
Erythrocytes x,630 000 
Color index i a 
Reticulocytes i 6% 
Leukocytes 3 xoo 
Platelets x6o 000 
Hematoent 33% 

Mean cell volnmc 1x3 
Mean cell diameter 8 14 ^ 
Prothrombin time Normal 


Blood urea izmg % 

Plasma bilirubin oimg % 
Plasma phosphatase 3 nnits 
Plasma phosphate 3 33 mg % 
Scrum calaum 7 8 mg % 

Plasma cholesterol ixo mg % 
Plasma ascorbic acid o x mg % 
Plasma protein (total) 4 17 G™ % 
Plasma albumin x-ioGm % 
Plasma globulin i 70 Gra % 
Plasma fibrinogen o 37 Gnx % 


Sternal marme Smears showed an active marrow with both normoblastic and megaloblastic cino 
poicsis There were 11 per cent megaloblasts and xi per cent normoblasts in the film 
Fractsffnal test meal Free hydrochlonc aad was present (this was sail true m 1947) 

BartMTTt meal Evidence of relative small bowel obstruction with hypcrmoiility 
Absorfttsn tests Glucose and sucrose tolerance tests were within normal limits 
Fat balance For this test the diet contained 70 Gm of fat daily 


Total fat as per cent of dned feces 
Split fat as per cent of total 
Total fat excreted 

There was no occult blood in the feces 


Isi day 

i 8 7 

6 36 Gm 


2nd day 
16 X 

S 7 

3 03 Gnx 


3rd day 

2-7 5 
99 

6 57 Gm 


She was treated with a low fat high protein diet together mth ederoa 

by mouth Plasma protein levels rose to a total of 6 i Gm per tent wi } 3 
iCshed Fm.ll> as a prelumnaty to operation a transfusion of rwo pints of blood S 
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D C Gjrry operated on the patient on May 1944 through a right paramedian incision Thepretious 
anastomosis was identified an inch above the iletxaecal valve The excluded coil of bowel, which was 
about two feet in length contained several stncturcs and the intervening musculature svas greatly dila 
rated and hypertrophied The mesentery was thickened m a way similar to that of regional ileitis, but 
the bowel wall was not so tough as in regional ileitis and appeared whiter Mr Cony resected the ex 
eluded loop and did a side to-side anastomosis to reconstitute the bowel Dr J R O Bnen reponed 
as folloivs on the specimen 

The specimen consists of about 70 ems of small intestine, the two ends of which are bound together 
to form a rough circle There are at least nine constrictions in the wall, with dilatation in between, 
giving a beaded effect The largest cavity measures ix o X 7 o ems in diameter, and the narrowest 
constriction appears to be only about o 5 cm wide The wall is slightly thickened throughout The 
average thickness is o 4 cm while at each constriction there is considerable increase in the thickness 
of the wall which appears to be mainly doe to muscular hypertrophy with a maximum thickness of 
I 1 ems 

The mucosa appears natural except for the absence in places of rugae due presumably to the dis- 
tension and there is necrosis and ulceration of the mucosa in relation to the stomata Also in relation 
to these there are many polypoid outgrowths, the largest being i o cm in diameter, and o 8 cm high 
This one is sessile some are pedunculated At one place the constriction has extended for about 4 o 
ems in length while the majority of constrictions are only about i o cm wide There is considerable 
increase of fat in the mesentery in places particularly in relation to the stenotic areas 
Microscopically the mucosa appears to be natural but there is a very marked hypertrophy of both 
the musculans mucosae and the arcular and longitudinal muscles It is the muscular hypertrophy 
which produces the preponderance of the increase in thickness of the wall There is a very extensive 
chronic inflammatory change with a moderate amount of scarring On top of the chronic change there 
15 also an acute inflammatory process extending through into the muscle layer In addition there are 
a large number of lymphoid aggregates scattered in the muscle layer and more particularly on the 
peripheral surface of the muscle in the attachment of the mesentery There are areas of early calcifica 
tion in the muscle layer The miaoscopic picture is in fact disappointing, the predominant features 
being the acute inflammatory process with polymorphs extending into the muscle layer the muscular 
hypertrophy and a background of chrome inflammation 

After operation the patient made a good recovery in all respects Diarrhea was a little troublesome at 
first, but It responded to treatment with syrup of codeine and prepared chalk and by the end of two 
months the bowel rhythm had been re-esublished at one motion a day without medication It was still 
necessary however for her to be careful with her diet and to avoid fresh fruit salads and coarse vege 
tables She rapidly gained svcight Parenteral liver extract was continued until OCTober, 1944 when she 
became sensitiaed to liver and had severe reactions after the injecuons At this time the blood count was 
red cells 5 03 million per cu mm hemoglobin 13 iGm percent color index 09 white cells 7 600 The 
Price Jones curve which had been displaced to the nght had come back to normal The plasma proteins 
were 6 35 Gm per cent with 4 x Gm albumin It was deaded to see the effect of disconunumg Iis-cr 
The patient remained well for a little lest than a year There was then a sharp relapse and m October 
1945 the hemoglobin had fallen to 5 6 Gm per cent She was therefore desensiuxed to liver and intra 
muscular treatment was resumed All went well again until the beginning of 1947 when her father died 
The patient who it a rather emotional woman collapsed after this and later had an illness which was 
called gastric influenxa 

She was readmitted to hospital on April 14 1947 She had lost about 10 kilos in the last six months 
and there was slight clubbing of the fingers Physical examination was otherwise negative The stools 
showed no gross abnormality on microscop) or culture and no occult blood There was moderate anemia 
ted cells 4 ^oo 000 per cu mm hemoglobin 11 6 Gm percent mean corpuscular volume 99 (i’ white 
cells 7 100 ESR 9mm The plasma proteins totalled 5 1 Gm per cent w ith 3 o Gm albumin Free acid 
"as present in the test meal in high normal concentrations On x ray examination there was practically 
no gas in the abdomen The small bowel was much shorter than normal and the terminal loops showed a 
moderaic degree of dilatation There were changes in the pattern which strongly suggested an extensive 
recurrence of the original lesion 

Further surgeiy was not advised and she resumed treatment with a low residue high protein diet 
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«tra vitamins and intramDscularhvcr extract By May 1948 she had regained 6 kilos and was rtlittrtly 

free from syraptonu ^ 

Discussion 

In the present patient, anemia developed after anastomosis had been performed 
to short-circuit a stricture due to regional ileitis, and its persistence after reseaion 
of the bypassed loop appears to be due to an extension of the disease process up the 
small intestine In view of the repeated finding of free hydrochlonc acid in the 
gastric juice, and the failure of the anemia to respond to intramuscular liver therap) 
until the anastomosis had been corrected, it is unlikely that the case represents the 
fortuitous associauon of Addisonian anemia with gross intestinal disease Never 
theless, it is of interest that the patient s mother had pcmicous anemia and an 
inherited predisposition may have been a factor A further point worth making 
about this woman is that there was no obstruction to the passage of food along the 
small intestine, stagnation was confined to the bypassed loop 

Table i — Ansljsts cf 6i Cssts of Inttjttnsl Stratart or Anastomosu AsioctMted leob on Ajustta 


Ktsemhltn^ Pemtcsons Anemts 



PrcKst 

Ab»ent 

Not rtcorded 

Giscro iDtesand symptoms 

51 - 

X 

7 

Giosuai 

33 

6 

11 

Neurologic disease 

IZ 

19 

3® 

Icterus 

t? 

19 

13 

Macrocytosis 

49 

1 

XX 

Hyperchromia 

41 

11 

9 

Poikilocytosis 

M 

— 

37 

Leukopenia 

35 

7 

■5 

Free HQ in gastnc jmcc 


10 

17 


The main features of the macrocytic anemia of intestinal stneture and anasto- 
mosis have been discussed by Barker and Hummel and by Jenscnius, and they arc 
summanzed in table i In the 11 cases where the presence of macrocytosis has not 
been recorded, the blood picture has been described only as resembling that of per 
mcious anemia In general, the blood picture in these anemias closely resembles 
that of pcmicous anemia in that hyperchromia, macrocytosis and amsocytosis arc 
prominent features Poikilocytosis also is often prominent, in most of the cases 
where its presence has not been recorded, there has been no detailed dcscnptio^ 
the blood In some cases, however, it has been noted that poikilocytosis has 
slight and less than might be expected m pcmicous anemia of the same e 
grcc 1 1 5 It i» These reports include 4 cases of stricture anemia and 4 o gastro- 
jejuno-colic fistula In the macrocytic anemia of sprue, poikilocytosis is less 
inent than in pcmicous anemia In the present senes of cases, there arc 9 in w ic 
steatorrhea has been demonstrated by analysis of the stool, in 4 of these, 
cytosis was recorded as slight, in the other 5 there is no record Nuc eate ^ 
have been seen occasionally in peripheral blood films, and in three ca 
mcgaloblasts have been reported 






D G CAMERON, G M WATSON AND L J WITTS 


797 


The Bone Marrow 

For most of the cases, there is either no record of the bone marrow or it has simply 
been desenbed as red and hyperplastic In 8 cases, megaloblasts have been reported 
in the marrow Zadek” found megaloblasts in the marrow in his two cases, Hart- 
mann=" in his, Fairley and Kilner>= in their third case, Hawksley and Meulen- 
gracht‘‘ in their case, Barker and Hummel* in their z cases and the sternal marrow 
was megaloblastic in our own case In one case, Zadek found only i per cent of 
megaloblasts in sternal marrow smears In Barker and Hummel s first case, the 
sternal marrow film was said to resemble that of permcous anemia but contained 
only i 5 per cent of megaloblasts After liver therapy, it became normal Fairley 
and Kilner remark that in their case the megaloblastic transformation was far from 
complete Evidently a megaloblastic transformation may be seen in the marrow 
similar to that of permcous anenua, but the change may be to a lesser degree In 
one case,*° the marrow was aplastic, infection was present and this patient did not 
respond to liver therapy 

The Effect of Liver Therapy 

The effect of liver therapy in these cases has been reviewed by Barker and Hum- 
mel* and Jensemus ‘® Liver therapy was used in xy of the 6i cases reviewed here, 
in 5 of these, it was without effect and in the rcmaimng xx a response was obtained 
This response vaned considerably in degree, being often less than nught be expected 
in pernicious anemia of comparable severity In 8 of these cases, oral administration 
of a liver preparation was effective, and it is important to note that in 5 cases, 
parenteral therapy was effective where oral admimstration had failed Treatment 
with liver seems to have been less certain in its effect than in true pernicious anemia 
but It should be remembered that some of the patients who denved little benefit 
from liver therapy were extremely debilitated or had some comphcating lesion 
such as carcinoma In 4 of the 5 cases where liver therapy produced no response at 
all, the patients were monbund, and the fifth had active pulmonary tuberculosis 
from which he died after operation 

The Effect of Surgical Correction of the Intestinal Lesion 

The direct relation of the anemia to the intestinal lesion has been shown by the 
fact that, in several cases, surgical correction of the intestinal abnormality has led 
to cure of the anemia In this senes, opierative treatment was earned out in X5 cases 
The results of operation arc shown in table 1 Fifteen of the cases had liver therapy 
in addition to surgical treatment The mortality appears high, but in many cases 
the technical difficulties were considerable, and in others the presence of carcinoma 
as the underlying cause made success improbable The earliest cases were under- 
taken before Iner therapy and blood transfusion were available to improve the 
preoperative condition The importance of a high protein diet to repair the hy-po- 
proteinemia and edema is also better recognized today 
The cases w hich sun, is ed operation will be desenbed bnefly Sturgis and Gold- 
hamer (case 7) reported a case of ileo-cccal fistula with macrocy tic anemia, in 
sshich an attempt was made to correct the fistula, but this was unsuccessful 
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In 5 cases, operation was of no benefit or produced only a temporary teniission of 
the anemia Little, Zerfas and Tnislcr'^ described a case of anemia in association 
with two jejunal anastomoses These were undone and 15 cm of distended jejunum 
excised Improvement followed but the anemia later recurred Another case was 
noted by Bcthell*, here details are lacking but resectipn of a stricture gave relief 
from a macrocytic anemia, without liver therapy, for 8 months relapse then fol 
lowed the formation of fresh adhesions The j remaining cases in which operation 
did not lead to cure of the anemia were all diagnosed as regional ileias, sad it is to 
be expected that the lesion would recur (Barker and Hummel,’ case i, Sturgis and 
Goldhamer,® case 6, and our own case) It is interesting that in the case reported 
by Barker and Hummel an anastomosis performed to bypass a stricture made the 
anemia worse 

The first case in which operation was successful was reported by Seyderhelm,” 
excision of a stnerure curing the anemia Another case of stricture anemia was 
desenbed by Scherer In this instance, ileo-colostomy was performed to bypass a 
tuberculous stricture of the ileum, marked improvement followed during a short 
observation period Butt and Watkins* described a similar case in which ilco- 


Tablb 1 . — TJv KtsnUi ef Striual Cermtm 




Death from operauoa 

It 

Operation techmcally uotaccessfol 

I 

Failure to correct anemia 

5 

Cure of anemia 

8 

Total cases 

IS 


colostomy was performed for terminal ileitis, the operation was claimed to cure the 
anemia but the patient was not followed up In these a cases, prolonged observation 
might have shown that the improvement was not maintained Cases of gastro- 
jejuno-colic fistula with accompanying macrocytic anemia which was cured by 
surgical correction of the fistula have been reported by Fairley and Kilner’ (case 1) 
and Bennett and Hardwick - Christopher* described a case of macrocytic anemia m 
assoaation with multiple anastomoses between the ileum and the colon, surgica 
correction of the intestinal lesions led to cure of the anerma, and liver therapy was 

not needed W Richardson” reported a case of macrocytic anemia in a young man 

in whom an entero-cnterostomy had been pjcrformcd as a sequel to acute ‘ 

citis This patient respionded partly to liver therapy but jaundice remaine t a 
further opieration it was found that about half the small intestine had been s on 
circuited, this was corrected and the piaticnt became completely well an ne 
no further liver In a case reported by J E Richardson,” a high jejuno-co 
was performed after appendicius, and this pauent developed a macrocytic ane 

Surgical correction led to complete cure the 

From these results it is clear that where it has been practicab 
intestinal abnormality the anemia has been cured or greatly improve 
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5 cases in which operation was unsuccessful, or produced only a temporary' remis- 
sion, there was an underlying abnormality which was progressive and could not 
be permanently eradicated by surgical measures 

Thi Relation of Steatorrhea to the Macrocytic Anemia 

Macrocytic anemia may be found in other intestinal disorders, notably the 
steatorrheas, and as steatorrhea has been found in some of the cases reviewed here 
It IS necessary to consider whether the macrocytic anemia of stricture or anastomo- 
sis might not arise from the presence of steatorrhea rather than directly from the 
intestinal lesions 

In lo of the 6i cases, the fat content of the feces has been estimated, 9 of these 
providing evidence of steatorrhea In x other cases,' blood fat levels have been 
followed after ingestion of a fatty meal In x cases, the stools' have been described 


Table 3 — SttMtorrhta and lAatncytiC Antmta 


Author 

Diagnosis 

Fecal fat figures 




Telalfal % 

Fairley and Kilncr** 

Gastro )ejuno-colic fistula 


33 9 (dry) 

Fairley and Kilncr'* 

Gastro-jcjuno-cohc fistula 


47 (dry) 

Fairley and Kilncr^* 

Gastro-jcjuno-colic fistula 


31 8 (dry) 

Hiivkslcy and Meufen 

Tuberculous stnetures of 


51 (dry) 

gracht** 

iQcescioe 



Mindline and Rosen 

Duodeno-colic fistula 


91. (dry) 





Brock’ 

Multiple stnetures of totes 

i8 Gm 1 



ciae 

7 Gm 1 

1 4 day penod Diet 45 Gm 



17 Gm j 

1 daily 



13 Gm , 


Salvcscn and Kobro** 

Gastro jcjuno-colic fistula 


7 (moist) 

Sahesen and Kobro*^ 

Stneture of middle gut 


15 3 (moist) 

Bennett and Hard\\ick* 

High )C)uno-colic fistula 


56 (dry) 


as resembling those of sprue,® - in one case the stool was said not to be fatty," and 
in another the stool is said not to have been that of sprue “ In the remaining cases, 
there is no specific information on the nature of the stool In some of these cases, 
the stool has been noted to be offensive or pale, and steatorrhea may have been 
present, in most cases the presence of diarrhea, often watery, has been mentioned, 
and It seems likel) that the raa)ority did not have steatorrhea Table 3 shows the 
cases in which laboratory evidence of steatorrhea is available 

From table 3 it is seen that 6 of the 9 cases in which there was positive evidence of 
steatorrhea were patients with gastro-jejuno-colic, duodeno-colic or high jejuno- 
cohe fistual There are 3 further cases of this description in the series, in one of 
these,® a diagnosis of sprue had been made originally, and in another- the stools 
sserc like those of sprue In the third' (case x) the blood fat curve after ingestion 
of a fatt) meal s\as normal, but this method cannot be relied upon to detect abnor- 
malities of fat absorption It is clear that cases with gastro-colic or other high 
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anastomoses usually have steatorrhea, but steatorrhea has been demonstrated in 
only 3 of the remaining 51 eases of stricture or anastomosis, though it may have 
escaped observaaon in some of these Our own ease, in which the fbcal fat output 
over a three-day period on a constant diet was within the normal range, demon 
strates that steatorrhea is not essential to the development of macrocytic anemia 
in these cases Further evidence is provided by the z cases, referred to above, in 
which the macroscopic appearance of the stool did not suggest steatorrhea It was 
noted earlier that poikilocytosis, which is not a feature of sprue, was less w en 
dence in the cases in this senes with steatorrhea, and the anemia of these cases may 
resemble that of sprue rather than that of pernicious anemia Jensemus’* considers 
that stricture anemia resembles pemicous anemia very closely, but that anastomotic 
anemia resembles spurc This appears to be the case only where there is a gastro- 
colic or high jejuno-colic fistula 


VathogtntJti of Stricture Anemta 

Pemicous anemia is a disease of the latter half of life which, if untreated, follows 
a remittent course to a fatal ending It is charactenzed by a severe maaocyuc and 
hyperchromic anemia, megaloblastic change in the bone marrow, leukopenia and 
a therapeutic response to liver extract In addition to abnormalities of blood forma 
non there is evidence of increased blood destruction The gastric secretion as a 
whole IS reduced and achlorhydria is almost invanably present The gastric mucosa 
IS atrophied, this change may involve more of the ahmentary tract and glossitis is 
common Pathologic changes in the central nervous system are frequently present 

It IS clear that most the features of pemicous anemia, given in this brief descrip- 
tion, arc present in the macrocytic anemia assoaated with intesunal stneture or 
anastomosis Though there are some important differences the similarity is such 
that It IS probable that the two conditions are closely related, and that the abnor- 
mal hemopoiesis present in both has a common ongin That the occurrence of 
macrocytic anemia with intestinal lesions docs not represent the fortuitous associa 
tion of the two diseases is shown by several points The age distnbution differs 
from that of pemicous anemia in that younger subjects arc equally susceptible, 
hydrochlonc acid is frequently present in the gastne juice and intrinsic factor as 
been shown to be present in one case,’® although it was absent in the only other case 
in which Its activity was investigated ^ Finally, there is the point that the anemia 
may be cured by surgical correction of the intestinal abnormality 

With regard to the pathogenesis of stricture anemia, Faber” ongiDall> ^ 

the absorption of a poison from the stagnant bowel content Meulengra t e 
the same view and considered it to support the theory of the intestm origin 0 
pernicious anemia, while Scjdcrhclm®’ went so far as to practice, wit ^ 
cess, ileostomy and lavage for pemicous anemia After Castle s wor , t esc v 
needed somemodificanon and Barker and HummeP considered ‘ 

It might be thought that stagnation interferes with the absorpuon o c 
prinaples, but these authors found that, in general, jnee of 

anemias were usually good Lack of cxtnnsic factor in di« o 5 ,c hver prin 
disease of the liver could not be incnmiuatcd They concluded 
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ciplc did not act directly on the bone marrow but promoted detoxification of com- 
pounds of intestinal ongm which might cause harmful changes throughout the 
body It seems more probable that those compounds act by interfenng with the 
formation, absorption or utilization of materials necessary for normal erythro- 
poiesis 

It seems established that macrocytic anemia of intestinal ongin is different from 
Addisoman pernicious anemia inasmuch as the secretion of hydrochloric acid and 
intrinsic factor by the stomach may be normal There need be no steatorrhea The 
only essential factor is stagnaaon, whether from intestinal stenosis or a stagnant 
loop Acting on this hypothesis, we have produced blind loops in the small intes- 
tine of rats and have shown that if these loops are designed so as to be filled by 
penstalsis, a macrocytic anemia develops in a high proportion of the animals “ 
This anemia is usually fatal, but in some of the rats it has responded to treatment 
by mjection of refined liver extract The results of further experiments will be re- 
ported in subsequent papers 

Summary 

I The case is reported of a woman in whom a macrocytic anemia developed after 
a short-circuit operation for regional ilcitis At a second operation, multiple con- 
strictions and distentions were present in the bypassed loop 

a The literature of macrocytic anemia associated with intestinal stenosis and 
anastomosis is reviewed The anemia differs from Addisonian pcrmcious anemia in 
that the gastric secretion of hydrochloric acid and intrinsic factor may be normal 
There need be no steatorrhea It is concluded that the anemia is probably due to 
stagnation of intestinal contents and the absorption of toxic substances 
3 The production of blmd loops in the small intestine of experimental animals 
offers a promising approach to the study of the macrocytic anemias 
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THE EXPERIMENTAL PRODUCTION OF MACROCITIC ANEMIA BY 
OPERATIONS ON THE INTESTINAL TRACT 


D G Cameron, B Sc , M D , G M Watson, D Phil , M R C P , and 
L J Witts, M D , FRCP 

T he EFFECTS of partial or total gastrcctomj on the blood base been studied 
b) many workers The essential finding is that it is impossible to produce 
pernicious anemia b) this means in any of the species of animals which have been 
used Petn and Jensenius"' have analyzed the results, and the data in table i are 
derived from their paper They give the incidence and ty pe of anemia after gastrec- 
tomy in experiments performed to that date In none of the experiments has clear- 
cut pernicious anemia resulted, though in a few cases the blood picture has sug- 
gested that disease Bence* reported that after two years gastrectomizcd pigs 
developed a macrocytic hyperchromic anemia with a hyperplastic bone marrow 
of embryonic character showing megaloblasts, his conclusions are not altogether 
borne out by his data, and his nucrophotographs do not show either a true megalo- 
blastic reaction in the marrow or a marked macrocy tosis in the peripheral blood 
Geiger et al reported that a gastrectomized pig developed macrocytosis and hy- 
perchromia, but they did not specify any anemia In the rat, gastrectomy produces 
a microcytic hypochromic anemia “ Gastrectomizcd animals do not develop per- 
nicious anemia if they become pregnant ^ '* *• In no animal has liver been shown 
to be of value for the anemia of gastrectomy In spite of these negative results, it 
has been shown repeatedly that in gastrectomizcd pigs the liver content of hemo- 
poietic principle steadily decreases and is finally lost * “ 

The results of gastrectomy alone suggested that cither the animals used have a 
hemopoietic system differing from that in man, or Castle s intrinsic factor is 
secreted in other parts of the alimentary tract as well as in the stomach For this 
reason, attention was directed to the duodenum Sharpe et al had shown that 
dried duodenum was effective in the treatment of pernicious anemia, and Mculen- 
gracht** had shown that the anu-ancmic activity of the pig s stomach was greatest 
in preparations made from the pylorus This, together with the histologic similar- 
ity of the Brunner glands of the duodenum and the glands of the pylorus, suggested 
that a pylonc gland organ was responsible for the secretion of intrinsic fac- 
tor The distnbution of the anti-anemic activity in the pig has since been shown 
to differ from that in man, in whom it is localized in the acid-producing portion 
of the stomach “ 

Experiments to determine the effect of rcscctmg the duodenum and pyloric 
gland organ have been carried out by several groups of workers In some early 
experiments unrelated to this theory, StassoflF*^ had found anemia after duodcncc- 
tomy while Mann and Kawamura* did not observe it Aron and Bauer’ removed 
the duodenum and the greater part of the pancreas from a dog and found a pro- 

From the Nuffield D-pirtment of Cioical Medicine Radcliffc Infirmary Oxford England 
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nounccd hypcrchromic anemia, though the animal survived only twelve dap 
Hauswirth and Silberstein“ performed pyloroduodcnectomy on 8 dogs, reporting 
their results again after two years observation In dogs which died a few weeks 
after operation there was a blood picture resemblmg that of pernicious anemia, 
with hyperchromia, anisocytosis and polychromasia, though liver therapj was 
without effect The remaining animals showed an anemia with fluctuating charac- 
tcnstics Goodman et al excised the stomach and duodenum from pigs and 
found that only a mild hypochromic anemia resulted, although the liver from 
these animals lost its anti-pcrmaous anemia potency even when the duodenum 


Table i — Tht Incidtnct of Arumts sfter Expenmtraol Gostrtaop^ 


Speaes 

Number of 

Hypo or 
normoauuenic 
tuenua 

Hyperdiroinlc 

aueoli 

O 0 £ 




Total gastrectomy 

8o 

63. 

— 

Isolated stomach * 


3 

— 

Paraal gastrectomy | 


10 1 

— 

EIccave gastrectornyf 

1 

■■ 

19 

— 

Total 

117 

94 

- 





Total gastrectomy 

38 

30 

— 

Elective gastrectomy 

4 


3 

Total .j 

1 

1 

30 

I 3 

Monhji 


1 

1 

Total gastrectomy 

7 

7 


Rat 




Total gastrectomy 

67 

67 




* Shortaremung of scomach with provision for citcrnsl drainage, 
t Resection of fondns or pyloms alone 


alone was resected Malmros*' performed duodeneccomy alone on one dog an re 
ported a microcytic hypochromic anemia 
More detailed experiments on rcsecuon of the stomach and duodenum in ogs 
were undertaken by Petn and his collaborators Three types of resection were 
undertaken In the first they removed the whole of the stomach and the rst i 
cenumeters of the duodenum, which was considered to include all the runner 
glands In the second type the pylorus and z centimeters 
moved, and in the third the pylorus and the whole of the duodenum 
operative procedures brought about a pellagrous and usually fata con i i 
compamed by an irregular anemia of vanable charactenstics j ^ 

transient, was seen in some animals In no case could the anemia 

^These failures led to even more extensive resections of the gastromtcstin 
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tract It had been reported that both the small intestine and the large intestine 
possessed anti-ancmic activity,’ though these reports were later criticized 
Bussabarger et al ' in addition to gastrectom), resected 150 and 180 cm of intes- 
tine respcctnely from two dogs, only moderate hypochromic anemia resulted 
Bachrach and Fogelson,’ in 7 dogs, resected the distal seven-eighths of the stomach, 
the duodenum, and about 30 centimeters of jejunum, which they estimated to 
contain the whole of the Brunner gland area, but except for a temporary post- 
operative anemia the animals remained healthy After a similar operation Win- 
trobe et al “ found a microcytic anemia The importance of the ileum was ex- 
examincd by Petn et al who, again working with dogs, resected the pylorus, 
X centimeters of duodenum, and the distal nvo-thirds of the small intestine 
Their object was to resect not only the site of formation of the intrinsic factor, 
but an essential part of the area to which it is reasonable to refer the interaction 
of the intnnsic and extrinsic factors and the absorption of the resulting hemopoietic 
pnnciple These dogs developed the same signs of malnutrition which the authors 
had found in more limited resections An anemia was present which was macro- 
cytic in two cases The bone marrow was normal or hypoplastic, and pernicious 
anemia did not develop 

Some experiments have been limited to resection of the small intestine alone 
Miller and Rhoads"’ reported that excision of the greater part of the dog s ileum 
produces only a mild hypochromic anemia Bence’ resected three meters of ileum 
and jejunum from a pig which subsequently became polycythemic Brown’ ob- 
served the effect of excision or shortcircuiting of nearly the whole of the small 
intestine of the pig Excision did not lead to anemia, but when the greater part 
was bypassed a severe microcytic anemia was found The remaining experiments 
on resection of the small mtestine have been reported by Petri et al ” ” and Jen- 
senius ” These workers have studied the effect of resecting or shortcirciuting ap- 
proximately two-thirds of the dog s intestine, both proximal and distal resections 
were tned In all cases a deficiency syndrome appeared which they have called 
enteropnval sprue In the majonty, anemia appeared as a terminal phenomenon. 
It was often macrocytic but not usually hyperchromic Liver therapy was ineffec- 
tive and, except in one case, the bone marrow was hypoplastic Except for the 
presence of macrocytosis this condition has no resemblance to pernicious anemia 
With these experiments attempts to produce pemiaous anemia by resection of 
the gastrointestinal tract would seem to have reached their practical Imut In 
no case have they been successful and where the resection is very extensive, de- 
ficiencies other than of the hemopoietic factors must complicate the picture It is 
true that macrocytosis and occasionally hyperchromia, which arc features of per- 
nicious anemia, have been observed, but in the majority of cases the bone marrow 
has been hypoplastic, and aplastic anemia is often characterized by macrocytosis 
The association of pernicious anemia with stricture and other lesions of the 
small intestine has been known for some time,’ ’ ” and there have been attempts 
to reproduce these conditions in experimental animals The best known are those 
of Seyderhclm,” ” in which stncturcs were formed by strips of aponeurosis fixed 
around the small intestine just above the cecum Seven dogs survived this opera- 
tion, of these, two developed a severe macrocytic and hyperchromic anemia with 
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a blood picture resembling chat of pernicious anemia and died in about two months 
Two other dogs had a hypcrchromic anemia which undenvent spontaneous rcmis 
Sion Seydcrhclm reported that megaloblasts svere frequent in the penpheral blood 
and in the marrow He considered the anemia to be related to the presence of an 
abnormal bacterial flora in the intestine Lombardi, “ in similar experiments, found 
a hypochromic anemia with poikilocytosis and anisocytosis but no megaloblasts 
Another approach was made by Tonnis and his collaborators'" who formed 
intestinal culs-dc-sac 40 to 50 cm long These led to stagnation of the intestinal 
contents comparable with that seen in Scyderhclm s expenments In fifteen dogs so 
created, a moderate or severe anemia was found after nvo to four months, the color 
index was usually raised This anemia could be relieved by the excision of the 
cul-de-sac, by administering intestinal antiseptics and by the parenteral in)cction 
of liver extract Tonnis did not find megaloblasts in the blood He reported that 
placing the cul-de-sac in the ileum was much less effective than in the )C)unum 
Recently, Renshaw et al in an experimental study of gastrocolic fistula, reported 
that dogs in which such a fistula had been made developed a microcj tic anemia in 
from two to six months, and in l of 7 animals this anemia later became macrocytic 
and hypcrchromic In these dogs, the greater part of the food passed into the small 
intestine, so that the anemia and other symptoms did not simply result from starva 
non, It was thought that contamination of the intestinal contents by regurgitation 
from the colon was responsible 

With the development of Castle s theory, expenments on the lines of those car 
ried out by SeyderhcLm and Tonnis were neglected in favor of resections of vanous 
parts of the gastrointestinal tract, despite the fact that the methods of these tuo 
authors produced an anemia more closely resembling pernicious anemia than those 
following resections In view of the clinical similarity of pernicious anemia to the 
anemia often seen in association with human cases of stricture and of anastomosis 
of the small intestine, we have attempted to induce a similar anemia in rats by 
artificially producing stncturcs or anastomoses in their small intestines 

The precise mechanism by which a macrocytic anemia may arise from the pres 
ence of intestinal stricture or anastomosis is not clear, but in the reported cases in 
man and the relevant experiments in animals one of two condiuons has usually 
been present The first is stagnation of the bowel content This may occur above a 
stricture as in Scyderhclm s experiments It may also occur in shortcircuited or 
blind loops of intestine, as arc seen in some of the clinical reports of anastomotic 
anemia and in the experiments reported by Tonnis The second condition is ste 
atorrhea which may be found in the presence of gastrocolic or high )e)unoco ic 
fistulac However, macrocytic anemia of intestinal ongin is not invariably asso- 
ciated with steatorrhea' and consequently the experimental formation of gastro- 
colic fistulae seemed a less desirable approach to the problem than the formation 
of blind intestinal loops We have, therefore, expenmented with tvso i crent 
types of operation, intestinal stenosis and the formation of blind loops 

Adult albino rats of the Wistar strain, aged 4 to 6 months and of both sexes, 
used for these expenments The rats were kept on a diet which we have 
permit normal growth and reproduction ’ Control rats kept on this let 
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a year base maintained optimum blood counts The normal values for blood counts 
in these rats will be published scparatcl} The rat «as chosen as the experimental 
animal because it is eas) to handle and large numbers maj be conveniently used 

hitestinal Stenosis 

In a small animal like the rat it seemed easier to create an intestinal stricture 
chan to make an anastomosis As the experiments described above and the records 
of comparable human cases did not suggest that anemia would be more likely to 
result from one procedure than the other, the formation of intestinal strictures 
was undertaken first In all cases the stricture was made ;ust above the cecum The 
operative procedures used were partial occlusion of the small intestine with silk 
thread, bands of cellophane, or strips of aponeurosis, the injection of phenol or 
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sodium morrhuate into the intestinal wall, the insertion into the lumen of the 
intestine of small perspex bobbins with only a fine channel to permit passage of 
the intestinal contents, and partial occlusion by sewing a linear fold in the intes- 
tine None of these methods could be relied upon to cause obstruction of a suitable 
degree In a few rats, chronic obstruction and a macrocytic anemia did develop, but 
as the method was so unreliable, these experiments were abandoned and attempts 
to form intestinal anastomoses were made 

Formation of Blind Intestinal Loops 

It IS probable that at least a third of the small intestine can be excised without 
serious effect on nutrition” and in our initial experiments the loop was made that 
length, about ii inches Two types of operation were used In operation A the 
direction of peristalsis was such as to tend to empty the loop (fig i-A) and in 
operation B peristalsis tended to fill the loop (fig i-B) 

Operation A The small intestine is transected at the junction of its upper and 
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middle thirds The upper end of the middle third is tied off The lower end of the 
upper third is brought down to the junction of the middle and lower thirds and 
an end-to side anastomosis is performed The middle third of the small intesane 
IS thus converted into a self-emptying blind loop Following this operation, 
macrocytic anemia was observed in a small porporuon of animals (table x) It 
was found that anemia developed only when there was some stenosis at the site 
of the anastomosis leading to dilatation and filling of part of the loop The num- 
ber of anemic animals obtained was small compared to the effort expended and the 
yield tended to decrease as our technical siall improved This operation was 
accordingly abandoned in favor of operation B 
Optratton B In the first form of this operation the small intestine was transected 
at the junction of the middle and lower thirds The lower end of the middle third 


Table ^-—Fnqutncy af Ammta with StlJ Emptytn^ Loops 



Numbtr of rats 

Per cent of total 

Opcfan\c mortality 

73 

38 

Macrocytic anemia i 

XI 1 

II 

Normo or microcytic anemia 

ti 

6 

Kctaincd normal blood count 

1 86 

^5 

Total 

391 

t 100 


Table 3 — TPn Effect of Vartotts Ltnpis of Self Filltttf, BUnd Ltopt 


Length of Loop j 

Number of 
rats 

Survived 3 wks. , 
or more j 

Macrocytic 

anemU 

11 inches 

z€ 

7 

7 

6 inches 

i 

. 4 

‘ I 

3 inches 

t 

17 

13 


IS tied off, and the upper end of the lower third of the small intestine is brought 
up to the junction of the upper and middle thirds, where an end-to-side anastomosis 
IS performed This operation is technically more difficult than operation A The 
waves of peristalsis tend to break down the anastomosis, which must be much 
more firmly secured than in operation A A remarkable dilatation of the him 
loop occurs With an effective self-filling loop all the animals die premature!), 
some with and some without anemia The results following this operation were 
encouraging and the technic was adopted as the basis for subsequent expcnnmnts 
to determine the optimum site and length of the blind loop (tables 3 and 4) t 
will be seen (table 3) that a twelve inch loop gave a very high percentage jie 
of anemic rats, but these animals did not survive more than four to six wee s an 
could not be saved by liver therapy The results with 6 inch loops were not muc 
better With a 3 inch loop, however, the operative mortality was not 
the anemia developed more gradually, usually eight to ten weeks after opcrati 
and the rats could generally be saved by liver treatment 
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It seems dear (table 4) that it is important to place the blind loop in the middle 
or npper part of the small intestine With low ileal loops the yield of anemic rats 
was very small The results with jejunal and mid- intestinal loops were comparable 
but the latter were somewhat easier to make The formation of a 3 inch self- 
filling blind loop about the middle of the small intestine has been consequently 
adopted as a standard technic for our subsequent expienments, and the operation 
will be described in detail 

Tcchnic of Standard Operation 

An intrapcntoneal injection of 3 o mgm of pentobarbitone in o i ml of sterile 
distilled water is administered, and the anesthetic is completed and maintained 


Table 4, — The Effeo cf Veereens Postttene ej a Three Ineh Self Felling Blend Leep 


Position of Loop 

Number of 
nU 

Survived 3 wts 
or more 

ilacTocytlc 

anemia 

Jejunum 

18 

10 

5 

Mid incesanc 

18 

13 

7 

Just above caecum 

18 

12. 

1 1 

1 



with ether The hair on the abdomen is clipped short The animal is tied on its 
back and the skin over the abdomen is cleansed with ether and painted with an 
aqueous solution of flavine Observing aseptic tcchnic, the abdominal cavity is 
opened through a 4 cm mid-lmc incision The cecum is identified and brought out 
Working upwards from the cecum, approximately 40 cm of small intestine is 
gently withdrawn The upper end of the segment is clamped and divided The free 
cud above the point of division is securely tied off with a fine ligature (fig 2.) 
The free end below the point of division is retained outside while the remaining 
portion of the lower segment and the cecum arc returned to the abdominal cavity 
Working upwards from the point of division, another 7 or 8 cm (3 inch) length of 
small intcsunc is carefully withdrawn A loop marking the upper end of this por- 
tion is retamed outside and the remainder of the segment is returned to the ab- 
dominal cavity An opemng in the loop about a mm in diameter is created by 
making a small transverse incision through its antimcsentenc surface The open 
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Upper end of lower segment is approximated to the opening in the loop (fig 3) 
and an cnd-to-sidc anastomosis is performed Accurate apposition of the open 
ends IS secured with four stay sutures and the anastomosis is completed b) over 
sewing serosa to serosa (fig 4) The middle 8 cm of the small intestine is thus 
converted into a self-filling blind loop. The peritoneum and muscles ate closed 



Fio 3 — Loop Fashioned Open Ends in Apposition 



Description of the Anemia to 

Macrocytic anemia has developed in a proportion of the anima ^ 
cacTof the operations we have used and its -s 

irrespective of the type of operation A b-en encountered in 

occaTonally observed following operation A but it has 

"of SK^ts subjected to the standaM o.™- - 
vived Its immediate effects and of these 4^ (44 ? 
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anemia after an a\erage interval of 74 postoperative dajs The length of the 
interval ranged from i6 da>s to 158 dajs As the later animals in this group have 
so far been observed for onl) three months, it is probable that more of them will 
eventuall) become anemic Table 5 gives representative examples, at various 
levels, of the blood findings in ten consecutive anemic animals of this group A 
further large number of animals is at present under observation 

Once anemia has appeared following the standard operation, it is progressive 
and appears to be almost invariabl) fatal within a month if untreated Of 11 such 
untreated animals only 3 survived for more than eight days and these } were all 
dead by the thirty -fourth day Anemic animals tend to lose weight but they do not 
show any external evidence of deficiency disease 

The normal hemoglobin level in our rats is about 14 Gm per 100 ml and anemia 
has not been diagnosed unless the hemoglobin level has fallen below 10 Gm per 


Table 3 — Tht Bleed Ptam ej K^s tvtih M^roc^tc Artemss 


lUt 

Hemo- 

globio 

(CrtL. 

per 

100 ml ) 

Eryth 

focytrt 

(r^ 

Lora) 

RcUcu 

loc>^ 

% 

Henut 

cent 

% 

MCJL 
(wt ) 

M C V 

(C.p) 

u 

0 

M C D 

(P) 

L^ko 

evtes 

(Urou 

sands) 

Plate 

leU 

(tboa 

sands) 

Normil Mean 

13 

8 

« 

7 

4 0 

4»- 

16 

49 

34 

6 14 


331 

I 13A 

5 

8 

3 

3 

^■7 

12. 1 

18 

67 

38 

6 44 


603 

1. 13F 

3 

L 

1 

6 

5»- 

13 6 

13 


43 

6 41. 


745 

3 14D 

8 

6 

4 

I 

18 

12 . 7 

11 

55 

J-7 

6 50 


376 

4- 14E 

7 

6 



9 

J-5 

15 

50 

33 

6 50 


361 

5 15A 

7 

6 



18 

2 S 5 

>3 

5° 

37 

8 55 


933 

6 15E 

m 

9 

H 


ri 

M 5 

15 

51 

35 

6 61 

iS 

893 

7 15F 

m 

B 

■ 


71 

18 6 

M 

61 

45 

7 33 

11 

33° 

8 16C 

8 

3 

5 

0 

^3 

r8 6 

17 

57 

34 

6 44 

2-5 

797 

9 16E 

4 

9 

3 

4 

40 

17 8 

V5 

53 

38 

6 37 

^5 

39° 

10 36A 

8 

9 

5 

8 

II 

30 

15 

31 

34 

7 01 

’■3 
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100 ml Films of tail blood from the anemic animals were prepared in the usual 
way and stained with May-Grttnwald-Giemsa Staining of the erythrocytes vaned 
considerably In most fields they displayed central pallor but in a few fields staining 
was more uniform Target cells were occasionally seen Macrocytosis, anisocytosis 
and diffuse polychromasia were well marked in all instances A slight degree of 
poikilocytosis and punctate basophilia was usually present Nucleated red blood 
cells, chiefly polychromatic normoblasts, were frequently seen No megaloblasts 
vvere observed The mean erythrocyte diameter of each of the anemic animals in 
table 5 was estimated by the method of Price-Jones In every case the Price-Jones 
curve exceeded the ideal -b 3 cr curve The chances arc less than i m 770 that such 
a curve could be normal These findings clearly demonstrated that the anemia was 
macrocytic The hemoglobin readings ranged from 9 9 Gm per 100 ml to a 7 Gra 
per 100 ml The erythrocyte counts ranged from 6 9 millions per cu mm to a 4 
millions per cu mm and vvere usually under 6 million per cu mm Reticulocyte 
counts were elevated and showed an exaggeration of the wide range found in nor- 
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mal animals Platelet counts and leukocyte counts were all within the normal range 
as were the differential white cell counts The corpuscular constants also fell 
within the normal range The wide vanability of the corpuscular constants in 
the rat renders them of little halue in the study of this experimental anemia 
Bone-marrow smears were made from normal and anemic rats by a method which 
did not involve sacrifice of the animal * Smears from rats with macrocytic anemia 
showed normal or increased celiulanty, the most stnking change in distribution 
was an increase in the proportion oficarlier red-cell precursors In smears from nor- 
mal rats the predominant cells of the ciytfaroblast senes are small polychromatic 
normoblasts with dense or cartwheel nuclel>^is distnbuuon was unaltered in 
rats subjected to repeated hemorrhage, but in rkts with macrocytic anemia there 
were increased numbers of proerythroblasts and basophil crythroblasts The degree 
of this change vaned considerably in different rats No cells were seen which corres- 
ponded exactly with the mcgaloblasts of human pemiaous anemia, but there were 
some cells of the erythrocyte senes which appeared abnormal in that the nucleus 
did not have the compact character seen m cells from normal marrow, and oc- 
casional cells had a closer resemblance to the mcgaloblast Marrow from anemic 
rats showed increased numbers of plasma cells, but there were no appreciable 
changes in the myeloid senes 

The rat is a small animal with a brisk mcrabolism and docs not tolerate anemia 
well If the hemoglobin level falls much below 7 Gm per loo ml the rat becomes 
torpid, loses weight and its resistance to infection becomes impaired In such at 
cumstanccs, the state of ill health may become irreversible Consequently, theta 
pcutic tests are probably best made at a level of 7-9 Gm of hemoglobin per ico 
ml Prciiminary observations have suggested that this experimental macrocytic 
anemia responds to treatment with liver extract and with ptcroylglutamic acid " 
Experiments arc now in progress to determine the effects of liver extract, pteroyl 
glutamic acid and vitamin Bq and the results will be reported separately 


Discussion 


These experiments bare shown that macrocytic anemia can be produced m the 
rat by the formation of a blind loop in the small intestine They have also con- 
firmed two observations made by TSnxus and his collaborators m similar operations 
on dogs The first is that the loop must be designed so that it is filled by the 
of pcnsralsis The second is that it must be placed in the upper or middle thirds 0 
the small intestine The implication is that the loop must be filled with stagnant 
undigested intestinal contents if it is to have a pathologic effca T6nms went on 
to infer that the pathologic changes are produced by the absorption of toxic su 
stances from the loop He noted that his dogs died in a shorter time on a meat icr 
than on a lacto-vcgctanan diet, and he observed toxic changes m the liver an 


die kidneys -mver it 

The livers m our rats have shown no microscopic abnormality Mo , 

IS characteristic that the rats appear well for two or three months afiCT c o^a 
non and then quite suddenly ^comc anemic and ill This suggests t at t 
51VC event may be a change m the flora of the loop and. possibly , m the rema 
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of the small intestine This ma) lead to the loss of an organism which synthesizes 
hemopoietic matenal, or the predominance of an organism which uses up hemo- 
poietic material, or the presence of an organism which produces an antagonist to 
hemopoiesis Such an antagonist might interfere with the Castle reaction, as the 
fish tapeworm does,'*' or with the action of vitamin Bj. or folic acid We have some 
evidence that life can be prolonged bj treatment of the rats with Anahaemin, folic 
acid or Mtamin Bu However, the experimental conditions arc probably complex 
and It would be a mistake to discuss them solely in terms of anemia A number of 
our rats have died without anemia and if, as we imagine, the blind loop leads to a 
conditioned deficiency, it is almost certainly a deficiency of more than one sub- 
stance The chief value of the blind loop preparation may be that it affords a rela- 
tively simple method of disturbing the equilibrium in the small intestine and study- 
ing the consequent changes in absorption and nutrition 

It IS interesting that it is possible to produce a macrocy tic anemia in animals by 
operations on the small intestine which lead to stagnation of the intestinal con- 
tents, whereas operations on the stomach consistently fail In the human subject 
surgical procedures which involve the intestine occasionally lead to an anemia 
which closely resembles pernicious anemia and which responds to liver or folic 
acid, whereas removal of the stomach is rarely followed by pernicious anemia 
Some of the features of true Addisonian anemia are still unexplained — the remis- 
sions and relapses, and the small proportion of patients with achlorhydria who 
develop the disease These phenomena have been attributed to variations in the 
secretion of Castle s intrinsic factor, but the possibility that they arc due to vana- 
tions in the flora or function of the small intestine cannot be excluded 

SUMMAKY 

1 The literature concerning attempts to produce macrocyuc anemia of the 
livcr-dcficicncy type in animals by operations on the gastrointestinal tract has 
been reviewed Operations on the stomach have failed consistently to produce such 
an anemia, but success has been achieved by operations on the small intestine 
with the creation of blind loops or intcstmal stenosis 

i The technic we have used to produce macrocytic anemia in the rat is described 
in detail The essentials arc that the blind loop should fill with pcnstalsis and 
that It should not be too low down in the small intcstmc 

3 Anemia docs not usually develop until an mterval of several weeks or months 
after the operation It is then macrocytic in type and acute in course 

4 The anemia is probably dependent on stagnation in the blind loop and a 
change in the bactcnal flora of the small intestine 
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THE BLOOD COUNTS OF THE ADULT ALBINO RAT 
By D G Cameron, B Sc , M D , and G M Watson, D Phu. , M.R C P 

I N THE course of the investigation of an experimental anemia of adult albmo 
rats. It was necessary to determine the normal range of values for the blood 
counts of these animals Normal values for rat blood counts have been reported by 
several authors* • but as the published figures show discrepancies and arc incom 
plcte in some respects, our findings may be of general interest 

Methods 

The animaJs used m these erpenments were adoit aJbino rats of the Wistar strain, of both sacs and 
aged 4 months or older They were maintained on a synthetic diet of casern com starch, cod liver and 
arachit oils with mineral and vitamin lupplcmcnts We have foond^® that this diet permits normal growth 
and reproduction Animals Icepc on it for periods of twelve months have maintained opamom blood 
counts 

Free flowing blood was collected from the tail after warming it in hot water and snipping a bit frotn 
the end with sassors or scalpel The animals were not restrained and were alarmed as hede as possible 
Erythrocyte and leukocyte cooncs were made with the umal pipetj and dilating fluids bat as the 
counts were high, it was found advisable to draw blood only to the o 3 mark in the pipcti Hemoglobin 
was estimated with a pfcvioosly calibrated Evelyn pfaotocJcctnc colorimeter using 20 ca m® of Wood 
diluted with 6 ml of o 4 per cent ammonia Reticulocytes were counted by a wet film method Blood w« 
mixed with the diluting fluid of aerated normal saline and bnlliint cresyl blue in a leukocyte pipct A 
drop of the mixed blood and suin was placed 00 a glass slide covered and scaled with liquid paraffin 
Plateleo were counted m the same preparauon and their absolute numbers were calcnliced from the 
erythrocyte count For hematocrit readings a hcpannizcd x mm bore rube dosed at one end and fianog 
a cup-shaped expansion at the other was used A few drops of blood were collected in the cop ihc tube 
was agitated to ensure mixing and then centrifuged for thirty minutes at jcjoo r p m The readings were 
made by laying the tube on squared paper Mean corpuscular ditmctm were determined by Pnee Jones'^ 
method An cosin-stamcd blo^ film was projected at xoco diameters usmg a dry opucal sysceffl and the 
average diameters of 500 erythrocytes were measured The mean diameter and standard dcviatiOQ were 
calculated for the erythrocytes of each animai 

Results 

The results for male and female rats arc presented separately in tables i anti x 
Tabic 3 shows the range of values obcaincci in diffctcntral Icakocycc coasts 

COMMENTS 

The published figures mentioned above do not show much vanation m the values 
found for hemoglobin content, which arc in the range 13 to 15 grams per cent 
The erythrocyte counts, however, vary from 6 60 million^ to 9 53 million* per 
cu mm Our figures lie between these extremes Our values for the normal Jcu o- 
cyte count, as well as those of Thcwlis and Meyer® and Quimby ct al arc muc 
higher than the figures usually reported The reason for this discrepancy is not 
apparent It is probable that strain difiPcrcnces and variations m diet arc part > 
responsible Farris'- reported a lymphocytosis under emotional stimu us, u 

From the NafiBcldDcpirtmcoc of ClimcaiMcd/cinc Rxddiffc Infirmly Oxford, England 
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found no increase in the total leukocyte count Recently, Quimby et al have 
shown that the leukocyte count of heart blood is much lower than that of tail 
blood 


Tadlb 1 — Blood Counts of the Adult Male Albtno Kat 



1 Number of 
observations 

1 

Mean 

Standard 
error of 
the mean 

Erythrocytes (millions per cu mm ) 

71 

8 50 

0 106 

Rcaculocytes (% of erythrocytes) 

69 

4 5 

0 351 

Hemoglobin (grams per 100 ml ) 

71 

14 6 

0 19Z 

Hematoent (% packed red cells) 

69 

43 5 

0 64L 

M.CV (cubic microns) 

69 

51 0 

0 707 

MCH. (micromicrograms) 

69 

17 0 

0 X18 

M.C.H C (per cent) 

69 

0 

0 

K 3 

0 3x7 

M.CD (microns) 


5 98 

0 061 

Standard dc\'iatioo of red cell diameters 

15 

0 46 

0 0x3 

Lcnkocytes (thonsands per cu mm ) 

69 

at 4 

0 717 

Platelets (thousands per cu mm ) 

59 

673 0 

40 9 


Table il. — Blood Counts of the Adult Female Albtno Kat 



Number of 
observations 

Mean 

Standard 
error of 
the mean 

Erythrocytes (imllions per oi mm ) 

100 

8 70 

0 069 

Reoculocytes (% of erythrocytes) 

XOO 

4 0 

0 1x7 

Hemoglobin (grams per 100 ml ) 

xoo 

13 8 

0 068 

Hematocnt (% packed red cells) 

76 

41 8 

0 405^ 

(cubic microns) 

76 

49 0 

0 600 

M.C.H- (micromicrograms) 

76 

z6 0 

0 191 

M.CH C (per cent) 

76 

34 0 

0 3x3 

M.C.D (microns) 

xo 

6 14 

0 03X 

Standard dcviaaon of red cell diameters 

xo 

0 4x 

0 018 

Leukocytes (thousands per cu mm ) 

XXX) 

xo 4 

0 580 

Platelets (thousands per cu mm,) 

>5 

531 8 

15 16 


Table 3 — Dtffennttal Leukocyte Counts of the Adult Albino Kat 


CeD Type 

1 

Average % 1 

Range % 

Netrophilj 

15 

8 — 2-4 

Eosinophils 

I 

0- 4 

Lymphocytes 

81 

70-89 

Monocytes 

3 

I- 6 


Note — 2.0 cT and lo 9 ammaJs No sex difference was noticed in the diffcrennal connts 


We have found small differences between the sexes in hemoglobin values, ery- 
throcyte counts and hematocrit readings The divergence is statistically significant 
for the hemoglobm values, but in the other cases probably docs not represent a 
real difference due to sex 
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BLOOD COUNTS OF ADULT ALBINO RATS 


Sdmmart 

The nonnal values for blood counts m the adult albino rat arc presented 
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ODSER\ ATIONS ON THE CrrECT OF AN ANIMAL PROTEIN FACTOR 
CONCENTRATE ON PERSONS WITH THE MACROC'iTIC ANEMIA OF 
PERNICIOUS ANEMIA, OF NUTRITIONAL MACROCYTIC ANEMIA 
AND OF SPRUE, AND ON PERSONS WITH NUTRITIONAL GLOSSITIS 


B ) Tom D Spins M D , Guillermo Gj»rcia Lopez, M D , Fernando 
Milan E s, M D , Robert E Stonl, M D , Rudlv Lopez Toca, M D , 
Tomas Aramduru, M D , avd Sam Kartus, M D 


F or the past fifteen \cars, investigators have been working intensive!} on an 
illusive vitamin, or a complev of doscl) related factors, found in association 
"ith proteins of animal origin For a number of }ears there has been evidence that 
so)a bean meal was not adequate as the onl> source of protein in poultr) feeds ' 
The hatchabilit} of eggs produced b) hens fed these diets was low, whereas this 
defect could be remedied b} feeding meat scraps 
Later It was found that a supplement of dried cow manure was effective in in- 
creasing the egg production and the hatchability of the eggs from hens fed on such 
* restricted diet ’ Whitson, Hammond, Titus, and Bird’ concluded that the sub- 
stance was not a protein or an) known vitamin Bird, Rubin, Whitson, and Haynes’ 
aided in the search for the hatchability factor by investigating a large number of 
widely used foodstuffs, and Mishler, Camck, and Hauge’ found that the addition 
of fish solubles supplied a missing factor or factors not present in a vegetable pro- 
tein ration supplemented with vitamins Rubin, Bird, and Rothchild' demon- 
strated the presence of a chick growth factor in hen feces 
As these studies progressed on the new factor or factors necessary for the hatcha- 
^'^‘ty, growth, and viability in chicks, Ross, Phillips, and Bohstedt,' Cunha,* 
Spitzer and Phillips,* and Cary, Hartman, Ehyden, and Likely’® independently 
showed that proper growth, reproduction, and lactation did not occur in rats fed 
a diet of highly purified casein as the source of their protein and that they required 
an unidentified factor 

More recently, Zucker, Zucker, Babcock, and Hollister” fed rats a purified diet 
containing protein and all of the known essential vitamins The female rats main- 
tained on this diet reproduced normally and had normal lactation, but the young 
f’Orn of such females frequently died soon after weaning Crude casein, fish solubles, 
°t liver extract corrected the deficiency, and the new factor was tentatively named 
^oopherin The authors pointed out that it is not the same as the fat-soluble 
animal protein factor of Heuser, Norris, Lucas, and Combs’" and of Johnson, 
Wick, and Roberts ” 


University Studies in Nutrition at the Hillman Hospital Birmingham Alabama and 
^bxto Garcia Hospital Havana Cuba in cooperation with the Unuer5it> of Havana 
’’^thc Department of Nutrition and Metabolism Northsvestem Unisrrsity 

j was supported by grants from the Birmingham Qtizens Committee and from Lederlc 

“uoritoncs Inc 

T„i P^^isin factor concentrate was produced by micro-organisms and was supplied by Dr T H 

■'“tc’ofUderleLaboratones Inc F I' « PP ^ 
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In another field of investigation, ■workers found a long-sought-for antipcmi 
Clous anemia factor of liver This substance was isolated independently by worken 
in the United States''* and in England Ott, Rickes, and Wood“ have reported 
that It possesses ammal protein factor activit> for the chick and concluded that 
this vitamin, termed Bu, is identical or closely related to the ammal protein 
factor from other sources 

The chemical nature and structure of the new ■vitamin Bjj is not fcdly known 
Its molecular weight is between 1,350 and 1,750 It is a cobalt complex and con 
tains phosphorus Irrespective of whether this material should prove to be identical 
with one or more of the vanous chick growth and hatchabtlity factors, vitamin 
Bji IS of great interest m human nutrition There are substanual differences in 
nutrient needs among the species, but we must suppose that man, as well as other 
animals, is greatly dependent on such factors in his diet for protection The ap- 
praisal of the worth of these particular substances to human beings is being de 
tenmned by observations of therapeutic responses and by biochenucal examinations 
of the body tissues and fluids 

It has been shown recently that concentrates from a micro-orgamsm having 

animal protein factor actmty were effeenve in mducing blood rcgencrauon in 
two patients with pernicious anemia ” 

The studies reported in this communication were devised to provide the answers 
to the following questions 

I Could we confirm the findmgs of Stokstad and his associates that a concentrate 
produced by micro-organisms, which acts as a source of animal protein factor as 
measured by assay with chicks, would be effective in producing a posiuve hemo- 
poietic response in persons ■with Addisoman pernicious anemia in relapse? 

2. Would this same concentrate be effective in producing blood regeneration in 
persons ■with nutnuonal macrocytic anemia in relapse? 

3 Would this concentrate produce a blood response in persons with the maao- 
cytic anemia of tropical sprue in hemopoietic relapse? 

4 Would it produce a remission of nutnuonal glossitis imassociatcd ■with macro- 
cytic anemia? 

For these studies we selected 5 cases of permcious anemia, 4 cases of natntiona! 
macrocytic anemia, and 3 cases of nutnuonal glossitis from the Nutrition Qmic 
of the Hillman Hosptal, Birmingham, Alabama, and 3 eases of tropical sprue from 
the Pabcllon Especial, the ward for the study of sprue, in the General C2I1X10 
Garcia Hospital, Havana, Cuba 

An important entenon m the sclccnon of all the patients was a painful, cry 
red tongue . 

The following four entena were used in the selection of all the pauents wi 
pernicious anemia, nutritional macrocyuc anemia, and tropical sprue (i) macroci^^ 

r- ....... . , ittdci 

of free hydro- 

chlonc acid in the gastnc contents after histamine sumulauon Additional 
for nutnuonal macrocytic anemia were the presence of free hydrochloric aci 


hypcrchromic anemia, Ql) red blood cell count of 1,500,000 or less, 
of r o or more, (4) megaloblastic arrest of the sternal bone marrow 
An -nlfltrinnal mfi-non foT nemicious anemia was the absence 
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the gastnc contents and diarrhea with liquid to soft, brown stools Additional 
cnteria for tropical sprue were the presence of free hydrochloric acid in the gastric 
contents, a flat glucose tolerance curve, acid steatorrhea, and loss in body weight 
All the patients except Case i were ambulatory and came to the hospital daily 
for observation and treatment Repeated gastric analyses were made in each case 
Daily studies of the pcnpheral blood included red and white blood cell counts, 
hemoglobin determinations, and reticulocyte counts made by methods previously 
described Bone marrow studies were made prior to therapy 
After the baseline determinations were completed, animal protein factor con- 
centrate was injected in amounts ranging from a total of 5 cc in a period of twenty- 
three days to 5 cc daily for fourteen days The following brief representative case 
histones illustrate the responses of one case of pernicious anemia, one case of nu- 
tntional macrocytic anemia, one case of tropical sprue, and one case of nutntional 
glossitis unassociatcd with anemia 

Case Reports 

Case j M D ft 6^ ycftr old whicc wonun was admitted to the Hillman Hospital, Birmingham 
Alabama m Oaober, 1948 complaimog of weak spells and omnbness and nogling of the hands 
legs and feet Because her memory was poor, she was noable to give an accurate history She stated that 
her illness began rather suddenly four years previously and was charactcnzcd by weakness and qjigaitnc 
dutres* At that tunc she remained m bed for three months but could not recall having had any specific 
trcfttmcnt She gamed enough strength slowly to be^me ambulatory but she continued to feel weak. 
In 1947 after a period of pr ogressive weakness she had again become bedridden She lost her appetite 
lost weight and developed c^ma of the ankles ftud numbness and angling of the feet legs and bands 
She was m bed for seven months and had nameroos injections which she thought were liver extract 
Following this treatment, she was able to be up for three months although the numbness of the feet leg* 
and hands persisted and she felt weak The followmg seven months she spent most of the nme in bed 
She failed to gam strength and came to the Nutntioo Clinic seckmg treatment She was admitted to the 
Hillman Hospital where physical cianunation showed a poorly developed poorly nourished woman 
The skm was pale and showed decreased clasaaty The conjuncnvac were very pale and the sclcrac bad 
a slight ictcnc tmt- The tongue showed mild glossitis She walked with a staggering gait and watched 
the movement of her f^ carefully The calves were sbghtly tender to pressure There was hypcsthcsia 
of the hands and forearms hypcsthcsia of the fingers and h yp eresthesia of the lower thighs and the legs 
Touch pcrccpaon m the feet was absent- There was sbght blunting of posmon sense The knee jerks were 
hyperacave Vibratory scosauon showed a great decrease at the ankles and a slight decrease at the knees 
and wnsts Repeated gastnc analyses showed no free hydrochlonc acid m the gastnc juice after burarrung 
stimulation The blood values on admission were red blood cells i 73 milhon white blood cells i 500 
hemoglobin 6 6 grams (41 per cent) and rccicuIo<ytc$ i 6 per cent The pauent was given 5 cc of anitp al 
protem factor concentrate intramuscularly each day for fourteen days The rcaculocytcs began to me on 
the fourth day of therapy and reached a peak of x6-4 per cent on the seventh day (fig i) Three weeks 
after therapy was imaaccd the red blood cell count mercased to 3.41 million the white blood cell count 
iDcrcascd to 8 750 the hemoglobin increased to 9 3 grams (60 per cent) and the reticulocytes decreased 
to X.8 per cent Eight weeks after therapy was disconanued, the red blood cell conne ^vas 3 88 million, 
the white blood cell count 7 750 the hemoglobin i2.,4 grams (80 per cent) and the reticulocytes 1,0 per 
cent The sixth day following the initianon of therapy she had a definite improvement m appeate and 
consumed more food than she had previously By the seventh day the signs of glossius had subuded, and 
she luted that she felt stronger and began to spend time out of bed At this tunc she seemed a little more 
alert mentally and she began to complain more severely of pains and paresthesia of all the cxtremiacs 
Objcairely, 00 improvement m the neurologic suras could be detected except that she seemed to walk 
a little better and this might very well be attributed to a gam m strength rather rfian to any real improve- 
ment in the nervous system 
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Fio 1 — Hemopoietjc Reskjnse or a Patont (M. D ) wrra PinNiaouj Anbwia to Actmal 
P nOTElN FaCTOH CONCENTaATI 



0/4 V-S 

P]Q 1.— HevIOPOIETIC ResPO>.-5E of a PaTICKT (E S') WITH NuTAITIONAI. MACAOamC st«lA 

TO Akimal Protein Factor Concentrate 


Cisi 2 E S a tS I ear old white min hid been under obiemation since IJ4) 'l^, 4 kfd 

no,^ :f numtionifnLcTiKjtie inem.i wis made Following ireicment wi.h User eitriet he hid hid 
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an excellent hematologic response and the mild glossitis that ssas present prior to therapy disappeared 
He continued to eat a \cTy inadequate diet as he had done for several years worked every da) and did not 
receive maintenance therapy His anemia relapsed each year for the follows ing four ) cars and each time was 
accompanied by a moderately sc\‘crc glossitis Liver extract administered at the time of each relapse was 
folIos\xd b) a good hemopoietic response and relief of the glossitis In Januar) , 1548 the anemia relapsed 
again and he had a recurrence of mild glossitis Following the administration of 10 mg of folic aad by 
mouth daily for fifty -seven da)s he showxd an excellent hematologic response and the glossitis gradually 
disappeared He returned to his former vva) of life with the result that in August he had a relapse of the 
anemia and a recurrence of the glossitis The glossitis disappeared and a remission of the anemia was 
effected following a single injection of 15 micrograms of vitamin Du The red blood cell count rose to 
J XI million and the hemoglobin determination was 10 x grams (67 per cent) Further vitamin Bu was 
not available and five weeks later the blood values began to decrease and the glossitis recurred He lose 



POOTEIN CALOQlt^ CALCIUM ICtON VITAMIN A THIAMINI RlftOSLAVIN NIACIN ASCOfLblC 

ACID 


Fio 3 — Nutrients Suppued bt Diet op Patient with Macrocytic Anemia CE S ) before and 
A 7 TER ThERAPT WITH AnI&IAI. PrOTEIN FaCTOR, CONTRASTED WITH RECOMMENDED ALLOWANCES OP 
Nutrients Crccommcndcd by Counal on Foods and Nutnaon Nauonal Research Counal) 

Dotted columns nuenent supphed by diet of paaent before treatment Solid black columns recom- 
mended allowance of nutrient Diagonally shaded columns nutnent supplied by diet of pauent after 
treatment 

his appeate and complained of weakness At this time he was given x cc, of animal protein factor con 
centrate mtramuscularly daily for fourteen days In figure x, which shows his hcmopoienc response it 
can be seen that the rcaculocytcs reached a peak of ii 6 per cent on the ninth day of therapy By the last 
day of therapy the red blood cell count had increased fi-om x.87 miJhon to 3 88 million the white blood 
cell count from 7 7C0 to 9 100 and the hemoglobin from 10 x grams (67 per cent) to 11 x grams (75 per 
cent) The hematologic response was accompanied by a great improvement in the patient 5 appeate and 
food intake (fig 3) and the glossias disappeared four days after therapy was initiated 

Cast) B B a 47 year old Cuban woman with tropical sprue was treated with folic aad at the Gen 
cralCalmoGaiax Hospital Havana Cuba in June 1^7 She had an excellent hematologic and clinical 
response at this umc but following her discharge from the hospital she resumed eating a diet similar to 
that she had eaten for many years It consisted chief!) of nee commcal bread v^andas (Cuban root vege- 
tables) coffee and sugar She failed to return for follow-cp studies but finally appeared at the hospital 
m December 1948 when she had moderately severe glossitis and diarrhea Her appeate was very poor 
and she was so weak that she could do little of her housework Her blood values were red blood cells 
X 01 million white blood ccUs 3 730 hemoglobin xo 6 grams (69 percent) and rcaculocjTcs o 8 per cent. 
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effects of animat, protein factor concentrate 


She \vas given tn injection of 1 cc of animal protein factor concentrate Three days later she volnniccred 
that *hc fcic stronger and thit her appeate had improved By this time the redness of the tongue hid 
faded considerably and the tongue vtas less painful Seven days after the in;ccuoD the reticulocytes 
reached a peak of 8 o per cent (6g 4) Vtvc days later the red blood cells mcrcascd to z,i6 million the 
white blood cells to 5 050, the hemoglobin to 11 o grams (71 per cent), the diarrhea was less severe The 
followmg day she again complained of burning of the tongue, which shosved increased redness along the 
border and at the tip At this tunc, i cc of animal prottin factor concentrate was injected and this amotinr 
was given every other day until a total of 4 cc were giS'cn The glossios began to subside three da^-s after 
therapy was initiated The reticulocytes reached a pcaJeof 9 2 per cent seven days after chciniciil injccnoo 
of initozl protein factor concentrate and hy this time the diarrhea and the glossitis had disappeared 



Fro 4 — Hemopoichc Rxsponsb or Patient (B B ) with Trowcai. Sprue to Animai. Protein 

Factor Concentrate 


Five days later the red blood cell count was 3 00 million, the white blood cell count 7 000 the hemogfobm 
12,1 grams (78 per cent) and the reticulocytes 1 i per cent 


Cast 4 A K a 68 year old white woman came to the Nutrition Clinic Birmingham, Alabama m 
April 1948 complainmg of scsxrc soreness of the tongue which had persisted for over a year and vui 
in seventy from time to time It was so sore at ames that she had difficulty in canng food of any n 
particularly fruit and acid foods She had severe general stomanus and glossitis involving all the mu- 
cous sorfacci of the oral cavity inclnding the gums The blood values nerc red blood cells 4 56 m* >0° 
hemoglobin 15 grams (97 per cent) Repeated gastnc analyses showed no free hydrochloric aci in c 

gastne juice after biscamiDc stimulation The paneot came to the Clinic frequently for observaaon oriog 

the next six months and throughout this tunc the blood values and the glossitis rcmimcd about c larac^ 

She was then given 2 cc of animal protein fretor concentrate incramusailarly daily for thrrc ^ 

she came to the CUmc daily for observation and blood ciaminauons Each mjccnon was o owe 

local jam ’^hich Usted for about one hour Seventy tivo hours after the Hrst 

decrease in the soicuess and batmng of the mouth and tongue and they were considcra y 


in)ccaons of animal protein factor concentrate were discontinued for four dajs, during which time no 
further improsxment in the glossitis and stomatitis occurred Then the injections ssere resumed in the 
same amounts for four days After the second third, and fourth doses, the patient complained of pain 
at the site of the injection which persisted for twenty four hours Examination showed areas of about 
10 cm in diameter which svere red tender, and slightly swollen The pain and tenderness in these areas 
increased and the injections sverc discontinued at the end of four days By this time the glossitis and 
stomatitis had disappeared A subsequent intradermal test svith a i to lo solution of the concentrate gave 
a strongl) positise reaction sshich deselofied rapidly within the first hour At the end of tssenty fonr 
hours an area of ssvelling and redness with a central area of induration and tenderness of about lo cm in 
diameter remained After forty-eight hours there was a residual area of induration and swelling at the 
site of the skin test 

Discussion 

Since the isolation of vitamin Bi« about a year ago, its function has been shown 
to be interwoven with many chemical substances Yet the scientific story about 
It really begins with the findings of Minot and Murphy, which led to the inevitable 
conclusion that there was an active factor existing in liver and that this factor 
was a specific therapeutic agent against pernicious anemia After the isolation of 
vitamin Bu, it was found that this antianemic substance for persons had animal 
protein factor activity as tested on chicks A number of micro-organisms are capable 
of synthesizing vitamin Bu and probably related chemical substances For some 
time to come there will be much study and speculation on the chemical identities 
of these various animal protein factor concentrates At the present time the 
limited amount of clinical, biologic, and chemical evidence available in studying 
animal protein factor might suggest that this substance is identical with vitamin 
Bu Yet a more complete evaluation is needed, and it likely will prove that once 
again we are dealing with a complex of chemical compounds 

Summary and Conclusions 

The intramuscular injection of animal protein factor concentrate to 5 cases of 
pernicious anemia in relapse, 4 cases of nutritional macrocytic anemia in relapse, 
and 3 cases of tropical sprue m relapse was followed by a positive hematologic re- 
sponse in each case as is illustrated in figures i, a, and 4, respectively The paren- 
teral administration of this material to 3 patients with nutritional glossitis un- 
assoaated with anemia was followed by the disappearance of the redness and 
soreness of the tongue 
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PERNICIOUS ANEMIA AND RELATED ANEMIAS TREATED WITH 

\TTAMIN B,. 


By Edgar Jones, M D , William J Darb^ , M D , Ph D , and 
John R Totter, Ph D 

I N APRIL, 1948, there appeared two reports of the isolation' or concentration® 
from liver of red crystalline substances which were hemopoietically active in per- 
nicious anemia West® found that the material isolated in the Research Labora- 
tories of Merck and Company was hemopoietically active in doses of the order 
of a few micrograms Shorb,'* in collaboration with the Merck workers, found 
that this material served as an essential growth factor for Lactobacillus laetts Dor- 
ner This led to the microbiologic designation of L LP factor For general use, 
however, the term vitamin Bu has been adopted ' The structure of this new vita- 
min remams unknown It has been announced® ' that it contains cobalt, phos- 
phorus, and nitrogen and that it has a molecular weight of approximately 1600 
It seems likely that the active red pigment from proteolyzed liver® is identical 
with vitamin Bu West® found that 3 patients with pernicious anemia m relapse 
exhibited good reticulocyte responses followed by increases in red blood cells, 
hemoglobin, and volume of packed red cells after treatment with single initial 
doses of 150 Mg j 6 fig , and 3 Mg of the crystalline vitamin Bu, respectively 
Smith® has obtained two red pigments, both highly active in pernicious anemia, 
from ox liver Proteolyzed liver extract was the source of the more potent mate- 
rials ® ® Separation by partition chromatography gave preparations which were ef- 
fective in pernicious anemia in o 3 mg doses It was known that these materials 
were not pure Their clmical efficacy appeared to be directly proportional to the 
color intensity Ten batches of material had been found to have clinical activity 
in z6 cases of pernicious anemia It was also stated® that these pigments were ef- 
fective in 3 cases of subacute combined degeneration of the spinal cord No clinical 
data were provided 

The materials obtamed by the Bntish investigator were described as very soluble 
m water, but insoluble in ether or chloroform Smith concluded that they had ob- 
tamed two differing forms of the hver factor effective in pernicious anemia and 
suggested that only this one factor is required for both the hematologic and neu- 
rologic aspects 

A recent report’ by the Merck group reveals that a number of sources of vitamin 
Bu have been discovered Among these are milk powder, beef extract and culture 
broths of several micro-organisms Of special interest is the findmg that Strep- 
tomyces grtstus, from which streptomycin is obtamed, is a source of vitamin Bu 
Recently Berk, Denny-Brown, Finland and Castle® have reported great ncuro- 

From Dcpiitmcntt of Medicine and Biochenustrj Vanderbilt University School of Medicine Nash- 
ville Tenn and Department of Biochemistry Umvetsitj or Arkansas School of Mediane Little Rock 
Ark 

This -norksvas supported m part by grants from Nauonal Vitamin Fonndauon Incorporated Nntn 
tion Foundation Incorporated Intemauonal Health Division of the Rockefeller Foundation 
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logic and hematologic improvement following the giving of vitamm Bj- to a pi- 
nent who had cxpcncnced a hematologic relapse and developed severe neurologic 
damage despite therapy with ptcro) Iglutamic (fohe) aad alone Their panent who 
had shown sensitivity to various liver extracts had no such reacuon to vitamm 
Bi- 

Spies and co-workers,^'’ in observations extending over a fourteen day mterval, 
have confirmed the initial finding by West that vitamm Bi: has htmapoictic ac- 
tivity m pernicious anemia They have also indicated that it is hcmapoietically 
active in both sprue*’^ ^ and nutritional macrocytic anemia 

The present report presents observations on 8 paaents with pemiaons anemia, 
one with sprue, one with nutritional macroc) tic anemia, and one with anemia sec- 
ondary to the absorptive defect of intcstmal lipodystrophy, who have been treated 
with crystalline Bn (Merck} for periods up to six months The vitamm Bj; which 


MRC XX eeoar white* 

BET 
BBC PCV 
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we used was generously supplied through the courtesy of Doctor Augustus Gibson 
of Merck and Company 

The foUowmg case summaries mdicatc the background of these patients 

Case Retorts 


Pemicioas Anemia 

Each of these pauents presented typical hematologic and marrow findings of 
penuaous aneima, all had histamme refractory achlorhydria, and absence o 
roentgenologic evidence of gastromtestmal defects except where specifically mcn- 
noned Neurologic changes were absent except where specifically mentioned None 
of the panents had diarrhea or other findmgs suggestive of sprue 

I M. R. C. -white age 67 was admitted to Vanderbilt Universitj' Hosptal in 

■with typeal findings of pemiaons anemia She responded -well 10 treatment with hrer ^ 

tcred parentcrally Treatment -with hver extract was continned rcgnjarly nnol Ouobo 1915 ^ 

deliberately -withdrawn m order to observe the time nccessaiy for relapse ” By f" 

snffiacnttopcrimtCTalaanonofttcannent-withTitaminBi hadoccnired The details o e cma 

response are shown in Chart i Prononneed sympromatic improvement has also been no 
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1- F L, colored male age 45, was admitred to the Vanderbilt University Hospital in Aagtist, 1537, 
in an almost comatose state altcmaang SNTth periods of mild definum His red blood cell count was 
460 000 with 1 5 Gm of hemoglobin He was treated with blood transfusions and parenteral liver ex 
tract Two months after his admission to the hospital his red blood cell count was 3 3 million and hemo- 
globin 7 ^ Gm He was not seen again until two years later when he returned in relapse He had taken 
liver extract injccaons quite irregularly and had eaten liver only occasionally His red blood cell count 
was I 75 million with 6 7 Gra of hemoglobin at this time He was started again on therapy with liver 
extract which was followed by an excellent response Liver extract injections were continued at in 
tcrvals of three weeks in amounts of 30 units per injecaon unul December i 1545 when it was delibcr 
ately withdrawn in order to observe the time of relapse “ By June 3 1948. his red blood cell count had 
fallen to i-3 million with 10 1 grams of hemoglobin and he was readmitted to the hospital for treatment 
He was given vitamin Bu with hematologic results shown in Chart r. Following therapy svith Bi there 
has been a great increase in his sense of svcll being 

FL ^86765 COLORED (J 
RET 
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3 J . whiK male age 61 was admitted to Vanderbilt Univer5it7 Hospital in March 1936 with 
the fnll blown picture of perniaous anemia Reguiar administration of liver extract patcnterallp resulted 
m an excellent response and had mamtamed satisfactory blood levels without development of neurologic 
symptoms In November of 1943 liver extract was discontinued in order to pcnnit relapse “ His blood 
values fell slowly until on June ix, 1948 at which umc his red blood cell count was x million and he was 
admitted to the hospial for treatment Chart 3 shows the hematologic response to vitamin Bu Co- 
incident with the return of hematologic values to normal there was a great improvement in the sense of 
well-being He has resumed his work as a carpenter 

4 O C white male age 50 was admitted to Thayer Hospital in December 1947 with typical blood 
and marrow findings of pernicious anemia He had had a sore tongue and intermittent diarrhea during 
this umc He was treated with pteroylglutamic acid the hematologic values before and after treatment 
being shown in Chart 4 At the umc of discharge firom the hospital the folic acid was disconunned and 
injections of liver extract were advised He disconunucd all therapy and was readmitted in a hematologic 
relapse in Jul) 1948 He complamcd of numbness and tinglmg of his hands and feet and there was some 
disturbance m his posiuon sense and absence of vibratoiy sense over his ankles Thf hematologic coarse 
IS indicated in Chart 5 Within four weeks from the start of therapy with vitamin B^ there had been a 
renun of vibratory sense over the mallcoh and complete disappearance of the paresthesias 

5 E, B M, white male age 5X was admitted to Thayer Hospital August 13 1948 A diagnosis of 
pernicious anemia had been made six months earlier and he had been treated inadequately svith liver 
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extract The hematologic fimiings at the tune of admusion and following treatment with vitamm Bn 
are recorded m Chart 6 He gained 8 pounds in weight during hii hospital stay and was greatly unproved 
generally ^ 
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6 A M,, white mile, age 43 entered Thayer Hospiul on July 14 1548 -where he was found to hart 
typacil finding* of penuaous incmu For stx month* he hid noted a bortuag tmghog icnsition isio* 
oitcd with numbness in both hinds ind both feet. There was in equivocal Babrnsb md vibratory jciw 
was absent over the leg* below the knees A neurologic consultant concurred in the dugnosis of tm 
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combined sj-stcm disease The hematologic salues before and after trcatmctit -mth viamin B, are shown 

in Chart 7 B> three sveeks after msntanon of therapy tobtatory sensation over the lower eitremioes had 
partiall) retnmed and he no longer cxpcnenccd the paresthesias General symptomanc improvement was 
sansfactorj 

7 W H M. white male age 73 was admitted to Vanderbilt University Hospital August 3 153S 
with the findings of permaous anemia Glossitis and paresthesias had been pamcnlarl) bothersome He 
matologic values before and after treatment with vitamin Bu are shown m Chan 8 Treatment with Bi 
has been followed by much sj-mptomatic improvement locludmg relief of the glossitis and paresthesias. 

A M THAYER WHITE tf 


RET 
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8 L. K a while housewife age 45 entered the Vanderbilt Umvcrsit) Hospital in 1936 ^vltil th 
complete hematologic picture of permaous aucmia Admimstratioo of parenteral liver crcracc was 
followed by rapid relief of her symptoms She was not seen again until Ocrcjbcr 1948 when she returned 
in severe hematologic relapse Dunng the avchc jear interim she had received httlc if any therapy 
In addition to the hematologic findings there was diffuse atrophy of the lingual papillae She was given 
1 o ^tg of \utaima Bi parcntcrall) daily for twenty nvo days The hematologic response is shown in 
Chart 9 CoinadcDt with this response she became much more alert mcntall) the glossms clcaied and sh 
gamed approximately 4 pounds m svcight dunng the first month of treatment 

Nutrittoual Macrocytic Ancmta 

E P 1 v-hitc female age 44 was admitted to Vanderbilt University Hospital in 1944 
plaint of nausea vomiting diarrhea and weakness of two years durauon There had been a weight Io« 
of 64 pounds Physical ciarmnition revealed a pale emaaated woman with no glossitis or evident 
combined sy'stcm disease There was a normochromic anemia with M million red blood cells an / 5 

Gm of hemoglobin and considerable vanauoa in sue and shape of the red cells Frccgasmcaa was 

found after hisuminc injccaon The BMR was —11 per cent of normal Cysts of E. histolytica w*r* 
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found in stools Sternal bone marrou was gcncra!l> h)pcrplastic in both the red and white cell senes No 
mcgaloblasts were noted She was treated with Iiscr extract transfusions of whole blood desiccated 
thjTOid and carbasonc Upon discharge from the hospital four wccl^ after admission her red cell count 
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"■as 3 3 million svith 107 Gm of hemoglobin There was considerable sjTnptomanc improvement. Liver 
vatraa was disconanued but the thyroid mcdicanon was conanued 

Three months later she returned to the hospital in a profound relapse Her red cell count was i o 
million hemoglobin 4 o Gm and white cell count 1 350 The mean corpuscular volume was again within 
Upper normal limits Sternal bone marrow showed numerous mcgaloblasts 
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She w« gtvcn two trtnjfiuiont followed by z6o nmo of hver exotct over t pcnod of twenty-KTOi 
diyjwjihajxpercoiircacnJocyicrciponse % font weeks her ted cell count w»i j 79 million with iix 
Gm of hemoglobin There w» great symptomanc unproTement, laver extract was coumraed for lu 
months and then delibetately discontinued. One year later the had no anemia. A. cholecystectomy was 
performed Thirty two months after the last injection of liver extract there svere decreased hematologic 
values, and bouts of diarrhea and glossitis were occurring By September 1948, (thirty five months after 
last therapy) her red cell count was x.4 million, hemoglobin 9 5 Gm , packed ted cell volnme 31 pet cent. 
She complained of increasing nocturnal diarrhea Sernm fat-^lublc vitamini were carotene, 33 fig per 
cent, vitamin A, 117 intcrnanonal units, vitamin E, o 56 mg per cent. The hematologic response to 
parenteral vitamin Bn is shown in Qiart 10 

Coincident svith hematologic improvement there was rapid cessation of the diarrhea and general 
mprovement 
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P B This 67 year old white man entered Vanderbilt University Hospital on November 8 1945 at 
which tune the previously established diagnosis of spree was confirmed and he was successfully nested 
with synthetic pteroylglutamatc The details of the conrsc dnnng that pcnod were published as Case 3 
of a prcvicras report “ 

Continned oral treatment with ptcroylglntanuc aad resulted in red cell ralnes of around 3 J imlboo 
until January 1948 when a gradually locreasmg anemia developed "By May 1948 values had fallen to i f 
million red cells, a packed cell volume of 13 per cent and hemoglohm of 7 6 Gm Fat and sugar absorption 
had remained impaired thronghout the pcnod of observauon The hematologic detfine was nocacen®' 
panied by rctnrn of glossitis or diatthea. He was then given 13 mg of ptcroylglotamic and daily by m" 
jecaon with a slight reucnlocyte response bat with bttlc red cell increase He was then treated wi 
vitamm Bn Hematologic response 1$ shown in Chart ii This was followed by a second rcucnlocyte fw 
slightly higher tlnn had been observed after pteroylglntamic and A slight gtadoil crythropoiesii 
lowed The red cell connt has now stabiltaed at an average level of less than 3 o milhon and mtcrocxiow 
has penisttd 


Cmdtttontd Antmta wtth Mt^lohlastic Amst 

Mrs B.t) ,31^6 jeu old white woman entered Vanderbilt Umvetsity Hospi^ on 
with the comriamts of diarrhea, weight loss, and anorexia beginning ten to twelve 7^ ^ 

lost about thirty pounds dnnng this pcnod Her symptoms had gradually increased una 
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hiring eight to tea scmiliquid stools dul) Glossitis hid been noted for some mooths pnor to idnussion 
Tetany had occurred occisionall) donog the past three )xars Ph>Tical cxaminatioa shosred emaciation, 
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papillary atrophy of the tongue and a posiavc Chvostek sign There wa^ no evidence of neurologic 
disease * 

Laboratory studies revealed a red count of 3 o miUioa, hemoglobin of 10 3 Gm , PCV 31.0 per cent 
rcaculocytc count of a-o per cent, a histammc refractory achlorhydria scrum proteins 3 10 Gm. per 100 

cc. ilbuinm3 75Gm scnim calanm 7 3 rag pcrcenr phosphonu 3 irog percent senim viuimn Co 24 
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mg per cent, scniin carotene, vitamin A and tocopherol levels were respectively yfiai/ig per cent, m 
I U per cent, and o 34 mg per cent. An oral glncosc tolerance test showed a maimram rue of 16.0 ag 
per cent above fasting, and a vitamm A tolerance curve following oral mgesnon of ino 000 1 U was as 
follows fasting 107 LU , three horns 148 LU .fivehonrs laoLU .ten and one-half hours ifiil U Qtun- 
ntanve determination of stool fat content revealed xj _5 per cent of dry weight. Marrow showed 3 _o fet 
cent megaloblasts Roentgenologic examinatioa revealed coarsenmg of the small bowel mncosal pmem 
with clomping of bannm and hypetmoulity 

BBC FU 

X10« lE-Ul 
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The hutory and findings were thought to be compaoble with either pnmaty or secondary defective 
gasttomtestinal absorption associated with a deficiency of hemapoieac factors Accordingly the 
was treated with vitamin Bii as indicated in Chart ir_ Thi. depicted hematologic impfovement resulieo 
accompanied by a decrease m the nnmber of stools from sii to eight per day to about three per day a 
vteight gam of 4 pounds within seven days associated with minimal anlJe pitnng and complere relit 

of the glossitis , 

Foot wceU after the initial therapy with vitamin Bi she developed epigastric pain diitenoon 
vomitmg X ray study showed a matVed narrowing of the lower ileum soggesong regional entenas m 
a deficiency pattern m the temainmg portion of the small mtcstine. Snrgical exploration was ciiricd 
the small bowel bong found to he tcmarLably swollen and thichencd svith a gclatmous appearanre 
to extensive edema. There was no inflammatory reacaon m the ad|acent edematous mesentery g" 
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moderately indnratcd nodes tsxrc found at the root of the mesentery and scattered white nodules were 
seen throughout the mesentery Microscopic examination of these nodes revealed a picture compatible 
wtth intestinal lipodystrophy or Whipple s disease 

Metabolic Studies 

Fecal urobilinogen estimations’^ were made on random stool specimens from 
most of the patients with pernicious anemia In all cases of pernicious anemia 



* In each case, iig /Gm crcatimnc Concentranons of PGA of less than o 5 pg /i arc reported 
as o o. 


t In each case, umts/Gm creatimne. One umt of porphyrin is defined as the cxtinccion at ,}ox p 
(i cm.) X volume. 

increased values were found during relapse and these decreased upon treatment 
Three illustrative cases are presented in figure i 
Total 14-hour collecuons of urine were made on selected patients pnor to and 
during the first several days of treatment The following were determined cre- 
aunine, total pteroylglutamic aad by a microbiologic assay, and umdentified uri- 
nary porphyrins These data arc presented in table 1 
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Discussion 

Vitanun B12 is the third chemically distinct substance which has been demon- 
strated to possess hemopoietic activity in those anemias which arc characterized 
by megaloblastic arrest The first group of these substances was the pteroylgln 
tamates— the physiologic acuon of which has been reviewed elsewhere ” “ The 
second substance, thymine, was found by Spies and co-worhers'’ to be hemo- 
poicucally active in large amounts in pernicious anemia and sprue The prelim 
inary nature of the reports which have appeared to date has precluded any compara 
tivc studies on the completeness of the hemopoietic response to vitamin Bn or of 
other cficcts of this newly isolated substance Furthermore, the dosages employed, 
ranging from 3 to 150 ng of crystalhne material, have permitted only an appron 
mation of the minimal effective dose, for cither initial response or mamtenance 

Our observations on these 11 patients who have been treated with vitamin Bn 
permit certain gcncrahzaaons Single injections of as httlc as 4 6 ;ig to a patient 
with pcmiaous anemia may be followed by a reticulocyte response which appron- 
mates the standard response expected from livcr’° (Case 2.) None of our pauents 
who received less than 50 or 75 ng of vitamin Bn at a single injection durmg the 
initial phase of therapy has attained erythrocyte levels which could be termed 
satisfactory until additional therapy has been given The nature of the erythrocyte 
responses in patients 1 and a mdicate that the rate of utihzation of the vitamm 
in patients with pernicious anemia approximates i o fig per day This statement 
IS based on the observation that single small injections were followed by attain- 
ment of submaximal erythrocyte levels and then decreases in red cell counts unless 
additional Bu was administered With increased amounts of therapy these patients 
then showed additional erythrocyte regcncrauon In the first report' on vitamin 
Bii, It was hypothesized that i o fig of the vitaiiun would have the approximate 
equivalence of i o U S P unit of injectable liver Addiuonal studies by West (pM'- 
sonal commumcation) and Bethell and co-workers*' have tended to bear out this 
approximation The course of patient 8 in this senes demonstrates than an excellent 
reticulocyte and erythrocyte response resulted from the injection of i o fig of Bu 
dady When these injections were discontmued after twenty-two days, hemore- 
generation did not continue untd additional therapy was provided Obviously, 

1 o fig dady is not a quantity which will allow significant storage of the vitamin 

Table a presents a tabulation of the maximum reuculocyte responses m all of 
the patients with permaous anemia who have been report^ by others and those 
included m the present report It is apparent that the maximum response is grouped 
about the average as expected from liver extract in a manner seemingly inde- 
pendent of size of dose Reference to the charts of mdividual pauents m this senes 
demonstrates that attainment of the maximum reticulocyte response is not as 
surance that the quanuty of therapeutic agent administered wdl support maximum 
hemo-regeneraoon This again emphasizes the unrehabdity of the reticulocyte 
count** as a quanutauve measure of acuvity of a substance or of the adequacj 0 
therapy m a given pauent 

Four of these pauents had been treated with liver extract in a previous r p^ 
Upon withdrawal of liver extract they slowly relapsed '* A second remission w 
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then induced by vitamin Du Table 3 shows coraparauve hematologic data for 
the two types of therapj These observations indicate that less than maximum 
erythropoiesis is maintained by the parenteral administration of quantities of Du 
which average less than o 75 #ig daily 
Figure 1 relates the rate of erythropoiesis to dose of vitamin Du for 17 patients 
with pernicious anemia This tabulauon is based on 7 pauents in the series here 
reported and 10 of the group reported by Hall and Campbell '• Only those patients 
are included in this tabulation whose reported count following treatment was 4 o 
million or greater, and where possible, the calculation of dosage is based on the 
shortest interval between institution of therapy and the attainment of a sustained 


Taslb i_ — CemfoTtstn tj QbsrrrtJ hlaximam Rttualccjli Htspenjt ej Patiinis with Vcrmcicus Ammia 
jelUtctng Thaafj with Vitamin Bn with the Maximal ’Rjsfenst “ jelliwmi Tnatmtnt with 

Lain Extract 


Scarce of diU 

Initlil RBC 



Total do»e of Bu 
prior to peak 

Prcicnt report 

mtUions 

fa ctnl 

per ceni 

« 

Case No I 

X 50 

5 

IX 0 

” 5 

Ciie No X 

X 40 

1-3 A 

»3 3 

4 6 

Case No 3 

X 50 

17 0 

IX 0 

•7- 5 

Case No 7 

X xo 

7 4 

16 0 

15 0 

Cue No 8 

0 50 

35 7 

41 5 

11 0 

Case No 5 

I 30 

17 0 

3’- 4 

7 5 

Caae No 6 

1 xo 

8 0 

16 0 

50 0 

Case No 4 

X 50 

9 4 

IX 0 

50 0 

Wc«» 

I 50 

17 0 

00 

0 

150 0 


I 50 

16 0 

x8 0 

6 0 


I 40 

10 X 

30 1 

3 ° 

Cattle et aL’ 

I 90 

16 0 

xo 6 

30 0 

Spiei et al ■" 

5 - 37 

IX 8 

13 0 

6 0 


X 50 

14 € 

IX 0 

15 0 


level above 4 o milli on Wc recognize that this calculation of the average rate of 
mcrease m red ccU count docs not pemut adjustment for the known differences 
m rate of erythrocyte increases associated with different initial red cell levels 
Furthermore, the calculation of average daily dose of Du as made here does not 
rccogmze possible differences m rate of excretion, utilization, or degradation of 
the vitamin which may occur when different sized dosages are administered Never- 
theless, the data mdicate that the maximum rate of erythropoiesis wiU require 
m most cases more than i o microgram of vitamin Du per day The one patient 
from our senes which exhibits a maximum rate of erythropoiesis on i o ^g of 
Du received daily injections and may have, thereby, utilized the material more 
efficiently Hemopoiesis seems to be more consistently rapid in those patients re- 
ceiving X 5 micrograms or more of Du per day These several considerations lead 
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US to make the tentanve suggestion that a reasonable dosage schedule for vitanun 
Bi; in the treatment of pemiaous anemia should provide approximately 3 o micro- 
grams of the vitamin daily during the first six weeks or so, and that a maintenance 
dose of I o microgram per day thereafter docs not appear unreasonable 


Table 3 — CempaTtson of ibt Tytsponst to AJtquafe Tlxfapy tetib Lttrr Extrad with tb< "Byisponst t* Vilsmtn 

B\ tn s Stibseqtttnt Kdapse 


Dlagnojis 

j Patient 

Status 

Therapy 

1 RBC 

1 

{HanOKlobiQ 

1 

t 
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1 Piilhcms 

1 G» /JOa ct 

Permaous anemia 

' Case 3 

Relapse 


1 85 

1 84 

1 

1 
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1 Li\cr extract 66da)s 

j 4 90 
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1 
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1 2. 50 
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Case I 

Relapse 

1 

{ 

3 > 
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1 Ij\cr extract €6 days 

3 4 

11 6 
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4 75 

13 7 
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L 50 

9 3 

i 

1 
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3 
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1 
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5 t 3 

n 7 


1 

User 

i 




Relapse | 


1 37 

9 9 

1 

Remission 

50 gamma Bi » 44 days 

3 89 

5 


In addition to these hematologic observauons, we have noted the expected is 
appearance of mcgaloblasts from the marrow of patients treated with vicsmw i 
and the appearance of numerous normoblasts in the marrow dunng the carl) 
of remission The hemopoietic response to vitamin Bi. has been accompanie ) 
a decrease in the fecal urobilinogen (fig i) It is known that liver extract promotes 
a similar reduction in fecal urobilinogen in the patient with pernicious ^ 

We have observed like decreases in fecal urobilinogen in patients treated wi 
aad The exact interpretation of this observauon, howcvxr, is not clear n t 
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past such findings ha\c been interpreted as indicating that tlic breakdown of red 
cells has decreased and, indeed, such an interpretation is consistent with new c\i- 
dence'* that pernicious anemia is a true hcmolj tic sandrome It maj be, therefore, 
that Mtamin Di. and PGA decrease the fecal urobilinogen of patients with per- 
nicious anemia b) promoting the formation of a more nearlj normal erj throcj tc 
On the other hand, these findings might also reflect a decrease in urobilinogen 
formation due to a postulated effect of \itamin Bi« on some step in pigment metab- 
olism quite apart from the breakdown of hemoglobin London, Shemin, and Rit- 
tenberg'^ ha\c demonstrated that a significant portion of the normal stcrcobilin 
production must come from sources other than hemoglobin It maj be, therefore. 



AVERAGE DAILY DOSE B„|MCC PER DAY) 

Flo i 

that the site of action of vitamin Bu, PGA, etc , in pigment metabolism is on 
this step rather than in the production of a normal cell Again, it may be that the 
different hemopoietic agents do not act at the same point Studies of this possibility 
may aid in clucidatmg the paradox of two chemically distinct factors exhibiting 
like metabolic effects in the patient with pernicious anemia Investigations of these 
possibilities are under way 

Vitamin Bu admimstration had no effect on the urinary excretion of PGA m 
the SIX cases of pernicious anemia and the one case of sprue invesagated (Table i) 
This docs not rule out a possible metabolic intcr-cffect of B12 on ptcroylglutamatcs, 
but It docs suggest that administration of effective doses of Bu docs not result 
in a great release of PGA It is to be noted that the patient with sprue had been 
saturated with PGA prior to the giving of Bu Even under this circumstance 
there was no increase in urinary loss of PGA attributable to the Bu 
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The urinary porphyrin values in arbitrary units arc also included in uble i 
It IS obvious that no recurring pattern of porphyrin cicrcnon in x4-hour specimens 
followed Bii therapy Since separate a-hour collections were not made, it is im- 
possible to state whether an increased excretion occurred at 1 to 4 hours after 
therapy such as has been noted following PGA 

Our two patients tvith mild neurologic mvolvcmcnt improved while receiving 
vitamin Bu This ohservauon confirms the reported cxpcncncc of both Unglcy 
(as quoted by Smith*) and Castle and co-workers’ and mdicatcs that vitamin Bu 
IS more nearly complete replacement for patients with permaous anemia rlun is 
either thymme or fohe acid 

The response of the smgic patient we have observed with nutnaonal macrocytic 
anemia was equally good to vitamin Bn as to hver extract In the patient with 
sprue, on the other hand, the evidence is not so clear-cut This patient had imually 
exhibited a rapid response to synthetic fohe aad, and although he had attamed 
submaximal erythrocyte levels, these levels were equally as high as he had pre- 
viously reached during a period of intensive treatment with liver extract A he 
matologic relapse occurred while he was receiving presumably adequate therapy 
with PGA The relative resistance of this panent to PGA was further attested 
ty the finding that he showed very little response to administraaon of 15 mg of 
ptcroylglutamate per day parenterally Upon the subsequent administration of 
vitamin Bu the paaent exhibited a definite rcuculocytosis and a gradual maease 
in red cells, hemoglobin and packed cell volume Over a period of twenty seven 
weeks, very large quantiues of Bu have been administered and, as yet, the 
patient has not attained as high erythrocyte count as he had previously reached 
on liver extract or on folic acid A thorough study has revealed no complicating 
disease which would account for this mcomplcte response These observations are 
compatible with the interpretation that this pauent has become deficient in some 
additional hemopoietic factor during the two and one-half to three years of therapy 
with fohe aad alone 

The pauent with anemia assoaated with mtesunal hpodystrophy is believed 
to represent a defiaency of the hcmopoieuc faaor condiuoncd by the gastroin- 
tesnnal defect The absorpuve defect was unaltered by the vitamin Bu as was 
to be expected when the true nature of the defect was revealed This patient and 
two similar ones which we have observed in the past three years lead us to thiol 
that much of the idiopathic steatorrhea, often mistakenly classified as sprue or 
nontropical sprue, and which is stubbornly resistant to treatment with liver or 
pteroylglutamates may be primary gastromtesnnal disease with conditioned ane 
mias 


SUMMAET 

Eleven cases treated with vitamin Bu have been presented Eight patients with 
permaous anemia m relapse responded hcmatologically Two pauents with nu 
neurologic involvement were relieved by therapy with Bu alone 

Considerauon of the quanunes of the cryTitalline vitamin required to _ 
maximal erythropoiesis in permaous anemia indicates that less than a uc o / 
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Hg dail) in doses at inters ils of setcral dajs tsill not suffice to establish and main- 
tain blood values as high as does adequate treatment with liver extract Parenteral 
dail) doses of 1 o Aig promoted good erj thropoiesis in one patient, although it 
appears that the maximum rate of hemopoiesis maj require the initial average 
daily dose of approximate!} 3 o Mg 

The rcticuloc} te count is an unreliable quantitatisc criterion of activity or ade- 
quacy of therapy 

It IS suggested that hemopoietic factors in addition to PGA and Bj; may be 
required by some patients to obtain maxima! erythrocyte Icsels 
Vitamin Bi-, as well as PGA, effects a reduction in the fecal urobilinogen out- 
put of patients with pernicious anemia The significance of this finding is dis- 
cussed 

No change in urinary excretion of pteroylglutamatc or of porphyrin was de- 
tected in patients treated with vitamin Bi; 
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COMPARISON OF VITAMIN Di- FROM LIVER AND FROM 
STREPTOm’CLS GRISEUS IN THE TREATMENT OF 
PERNICIOUS ANEMIA 

Dr LcnsTTix A Erf, M D , and Bruce Wimer, M D 

T his communication describes the results of treatment of three cases of per- 
nicious anemia in relapse, one with Mtamin Di;* derived from liver and two 
with vitamin But derived from Streptomjets gnscus, the latter preparation has been 
used also in 5 cases of pernicious anemia in remission 
Vitamin Bn, a crystalline material isolated from liver, has been shown to be a 
potent anti-pemicious anemia substance In 17 reported cases of pernicious anemia 
in relapse (table 1), all have shown definite hematologic rcsjxmscs when vitamin 
Bi; was administered in microgram doses There was a prompt increase in circulat- 
ing rcticuloc} tes in those cases where the initial erythrocyte count was below 
1,000,000 In all 17 cases there was a rise in hemoglobin levels and the erythrocyte 
counts, the levels usually approached normal in six to eight weeks if the total 
dosage was adequate The bone marrow regenerated promptly (48-72. hours) from 
a rubnblastic’ (megaloblastic) hyperplasia to a rubricytic (normoblastic) hyper- 
plasia ‘ 

The response of neurologic complications was followed in 13 of the 17 cases of 
pernicious anemia ‘ '• The initial observations indicate that vitamin Bu is 
effective, as is liver extract, in producing at least a partial remission of the neuro- 
logic manifestations There was virtually a complete remission in one case which 
was treated shortly after the onset of neurologic complaints * In the other cases 
paresthesia, ataxia and Romberg s phenomenon responded reasonably well while 
the loss of vibration sense and position sense were relatively more resistant to 
treatment * 

A vitamin Bij-like substance has recently been isolated from cultures of Strepto- 
myces grtscus * The crystals isolated from this new source have physical and chemical 
properties very similar to crystalline vitamin B12 from liver and the two substances 
have almost the same growth promotmg potency for Lactobacillus lactss Domer, 
and West* has found that the chmeal response in pernicious anemia to the new 
substance parallels that produced by crystalline vitamin Bi; 

Case Reports 

Vitamin Bn from Liver The Treatment of One Case of Pernicious Anemia m Relapse 

HtsUrj Mrs A O B a 64 year old white woman of Irish descent was admitted to Jefferson Hos- 
pital September 24 1948 because of progressive weakness starting July 1948 Anorexia became a majot 

From the Charlotte Drake Cardeza Foundaaon and Department of Medicine Jefferson Medical Col 
lege and Hospital Philadelphia, Pa 

* Viumin Bii derived from Uver supplied throngh the courtesy of Dr A Gibson Merck and Co 
Rahway New Jersey 

t Vitamin Bn derived from Streptomyccs gnsens supplied through the courtesy of Dr Charles Maim 
E R Squibb A Sons New York Qty 
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complaint Her eyes tired easily during the week before admission and two days prcvicras to admisuoo 
tmmtus would occur when she lay down She alio noted numbness and angling of the fingers. One 
day prior to adnussion she found that ihc had to use her arms to support herself when the stood op. 
Her weakness bordered on collapse and she was sent to the hospital 

PmI Htsiffry The pauent s general health had been good unol 193a, when she was found to hire 
hypertension She had cputazis at that amc and again on two subsequent occasions In July 1546 and 
in April 1948 she had two severe vascular acadenu with hemiplegia Recovery was good but not com 
picte m that the patient still complained of uneven gait and weakness of the right upper extremity 
at the time of admission She had lost xy pounds of weight during 1947 and 1948 

JPfystcal ’Examnalioiu The pauent was a white haired blue-eyed woman of short HKdinm budd 
There was marked pallor of the skm, con)Qoctivac and mucous membranes An herpeue lesion ^ 
seen on the left upper hp The lingual papillae were atrophic. The blood pressure was 110/70, The 
neurologist reported the following findings Grade II artcnosclcrosis of the retinal vessels shght weak 
ness of the nght upper and lower extremities as compared with the left reflexes hypencuve bilaterally 
plantar reflex weakly extensor on the nght vibraaon sense of ibc legs and ankles slight decreased 
impairment of posiuon sense of both large toes gait unsteady swaying m performance of Romberg s 


Table i — Tnatment of Pernuious Anemta wtib VttMmtn Bu fnm Law 


Fust Author Only 

Number of Cases of Penuaous 
Anemia 

Doiaae oi Vitamin Bo 

West"* 

3 

Single doses of 3, 6, and 150 ;ig 



respectively 

Spies" 

1 X 

Single doses of 6 >ig »nd 15 pg 

Berk' 

1 1 

5 pg daily for S day* and 5 ag 



3 nmet weekly from i6th to 
fioth dty 

H»U‘ 

11 

Total of 40 to 315 pg dating in 



tenrili of 30 to 50 days 


17 



test and single foot staudmg The pauent was responsive but there was some confusion and memofy 
impairment The neurologist 5 impression was that there were signs of combined system disease attribated 
pnmarxly to artcnosclcrosis and sccondanly to pcrmcious anemia 

LshersloTj Hemoglobin 33 6 per cent (3 4 Gm) Erythroqrtcs 1,380000 Leukocytes 

4 400 Platelets 71,000 Diffcrcnnal segmented polys, 77 per cent, medium and small lymphocytes 
17 per cent monocytes 6 per cent smear of pcnphcral blood — typical macrocytic anemia with imso- 
cytosis and poiLiliocytosis Hematoent, 17 per cent Mean corpuscular volume, 107 Bone nurrow 
rubnblasuc (megaloblastic) (see fig i) Unne concentration test, i 006, r 010 i ozo Gastuc analpi* 
achlorhydru (with histamine) Gastroscopic exanunauon severe degree of atrophy of the sro 
mucosa Fluoroscopic exammanon of the chest healed tuberculous lesion of the left apex Heart 
an aoruc configurauon and was hypertrophied 10 to 1$ per cent above normal Electrocardiogram 
left axis dcviauon Intravenous pyclogram ptosis of the kidneys bilaterally, in the upnghc position 
Piagwrar (1) Pcmiaous anemia in relapse (x) Combined system disease secondary to artcri cron* 
and permaons anemia (3) Cerebral arteriosclerosis (4) Artcnosclcroac cardiovascular renal 

Treatamt The pauent was given X3 ;ig of vitamin Bu from liver on October 4 aod a sccon os- 

of i5Mg on October 5 1948 , , r 

CcMTst The hematologic changes arc shown m table x. The reuculocytcs rose the sccot T 
iQjccuon and reached a maximum of 33 8 per cent on the sixth day The ascent of the 
and hcmoglobm level started at the end of the first week and a peak of 3 
and 83 per cent or ix.8 Gm (hemoglobin) was reached December xg 1948 cighty-s^ii 
meat was insatutcd The counts then started to dcclmc reaching 3 ioo/»o (erythrocyte 
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6S 3 percent Of 10 5 Gra Chcmoglobm^onjanuar) i6 1949 thcii^thday The bone marrow had become 
rabncyuc by the sixth day after injections of % itamtn Du (fig i) 

Improvement in the patient s strength and appetite ttaned within three or four days after the injee 
aons McntaJl) she became more alert Paresthesias did not recur and the patient was able to walk 
without assistance although her gait was somewhat cautious and unsread) Following her discharge 
from the hospital October 18, 1948 the ptient s symptomatic improsement paralleled the rise in blood 
count However^ when the erythrocyte count exceeded 3 000000 the cicsation of blood pressure re 
turned varying betAveen 160/90 and 180/100 A rc-c\aluation by the neurologist Januaiy 1949 » 
reported the same findings as prcMousI) except for the presence of normal position sense At this time 
It was thought that positive neurologic findings were due to the preMous strokes E\en at the time 
that the blood Icsxls started to fall Qanuarj 1-4, 1949) the patient stated she felt wxll 



Fio I — Rubridlastic Hyperplasia 

Sternal marrow obtained from Mrs A O B on 9-31-48 before the administration of vitamin Bu from 
liver 


Vnamm B\^jrom Strtptomyctn grtseus The Treatment of Two Cases of Pemtetous 

Anemta tn Kelapse 

CsstI HssUrjf Mr A C , a 67 year old Italian laborer had been treated for pnniaous anemia in the 
Hematology Out Patient Department since 1959 The anemia was adequately controlled with liver ex 
tract but in September 1948 he stopped coming to clinic because he thought he was cured 

In November 1948 the patient noticed the onset of progressive weakness and in a month s orng he was 
too incapaatated to continue work He began to experience intermittent nausea and vomiting and cpi 
gastric distress after eating His appeate declined and finally became so poor that he ate virtually nothmg 
during the three days before he was admitted to the Jefferson Hospiul January 7 1949 

^^sieal Exgmmsttm The patient was a well nourished elderly Italian with pronounced pallor of the 
skin and mucous membranes Sderac and buccal mucosae were famtly icteric The tongue was pale 
smooth and glistening The heart was enlarged and the rhythm was irregular because of frequent extra- 
systoles A systolic murmur was heard over the entire prccordium loudest over the aortic area The liver 
cnlirgcd 3-4 era below the costal margin on deep inspirauon and the tip of the spleen could be felt 
c blood pressure was 110/80 The neurologist could find no abnormal neurologic changes 
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Lshfretcry Ftndtn^ Hemoglobin 40 per cent (]6 16 Gm ) Erythrocyte* i 610 000 Reticulocytes 1 1 
Leukocytes 4450 Diffcrcntixl segmented polys 57 per cent medium and small Iymphoc)Tcs, 38 per 
cent monocytes 8 per cent normoblasts, i per cent smear of pjcripheral blood revealed macrocytosii 
anisocytosis, pwikilocytosis and nibncytosis Bone marrow mbnblastic and prorabncy'uc (see 6g 3) 


Table i_ — Mrs A 0 B (jidmtlUd Htmaiclof^tc Bjsponst Aftrr Admtnislrstton $f I tiaminBn 

from Lsixr 


Date 

Day 

(alter 

1ft dose) 

HeraoBlobin 

RBC X 
10* 

Redcuto- 1 

WBC X 
ItF 


% 

Gm 



9-19-48 

i 

35 6 

5 4 

I 58 1 

— 

4 4 

9-31-48 Bone rairrow nibn 

10- 1-48 

i 


1 

— 

— 

1 3 

— ' 







blasoc (6g 1) 

10- l-48 


35 6 

5 4 

I 840 

I 8 

3 0 


10- 4-'48 

I 


— 


— 

— 1 

Vitamin Bu 15 

10- 5-48 



— 

— 

— 

— 

Vitamin Bi 15 fig 

10— 6—4® 

1 

1 — 

— 

~ 

7 4 

— 


10- 7-48 

3 

, — 

— 

— 

9 

— 

Early improvement of appeme 

1£>- 8-48 

4 

37 1 

5 7 

1 5 

13 8 

— 








strength and mental response 

lO" 9~48 

5 

— 

— 

— 

11 0 

— 


io“IO“48 

6 

— 


— 

33 8 

— 

icrii-48 Bone marrow ruin 

10-11-48 

7 

45 5 

7 0 

I 78 

16 5 

— 




cyuc and metarubneyoc. (fig- 

0 





10-11-48 

8 

— 

— 

— 

•5 5 

— 


10-13-48 

9 

, — 

— 

— 

j6 7 

— 


10-14-48 

1 10 

, — 

— 

— 

>5 3 

— 


10-15-48 

10-16-48 

1 11 

1 11 




•3 J- 
9 4 



Discharged from hospiil 

1 






10-18-48 

10-17-48 

! ^3 

1 72- 

10 9 

1 61 

I 1 

2- 7 

Appeute good Steady inctcis 

ri- 3-48 

1 

30 

73 6 

“ 3 

3 88 


— 



1 jD Strength 

11-17-48 

44 

75 6 

II 6 

3 47 

— 



11- 1-48 

58 

76 

n 7 

3 

— 


Felt better than any nme 

11-1^48 

86 

83 ‘ 

11 8 

3 9 










1 ing p>ast 10 years 

I-I5-49 ' 

toy 

73 1 

II 1 

3 85 

I 0 

3 0 

Snll felt well 

1-14-49 

111 

75 2. 

II 6 

1 3 48 

0 71 

5 0 

1-16-49 

H4 

68 5 

10 3 

1 5“ 

0 6 





* Based on 15 6 Gm as 100 p)cr cent. 


Semm bilirubin i 3 mg Urci clearance 68 per cent Roentgenogram of chest a ncntirr 

silhouette svith enlargement to the left The lung fields seete clear / ^tne nn- 

Gastroscopic examinauon benign nonblceding polyp of the antrum and diffi^ ’'Aviation 
cosae Electrocardiogram occasional premature auricular contraaions and Wt arts 
Diaptasts (i) Pernicious anemia in relapse (a) Benign polyp of antrum of sto 

Triairml The pauent was given 3a(ig of vitamin Bii from Slrifltn^s ff ^ lotis: 

Comsi The hemoglobin and reuculocyte levels are shown in table 3 The mpctiee 

betsseen 48-71 hours and reached a maumum of 40 per cent the fifth and tie 7 

ofwtaminBisfi-om J/rfy/my«rgro«r The bone marrow aspiration on January 3 
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Fio 3 - — RuBRICYTIC and MeTARUBSICYTIC HyPERBLASlA 
Stcnul nurrow obuiocd from Mrs A OB on 10-11-48 six daj 5 after administration of 50/15 of 
vitamin Bu from liver 



Fio 3 — RuBRjBLAsnc and PaoauBRicmc Hyperplasia 
Sternal marrow obtamed on 1-7-49 fro® Mr A C before the administration of vitamin Bn from 
Stuptm^cts grtscMs 


Don day showed namcrous mbneytes and mctarabncyccs (Fig 4) The crythroiTtc count had risen to 
3 *90 000 and the hemoglobin level had risen to 55 4 per cent or 8 54 Gm by the nineteenth oay Symp- 



850 


treatment of PKRNiaOUS ANEktIA 


tomatically the patient improved rapidly He felt ooubly stronger and his tppentc nomul le 

fore he was discharged Janoaiy 14 1549 The paaent rctmued to work January 14 and he c o oanoed to 
tavc a good appetite and an increase in endurance dnnng the nineteen day penod of obscmooii 


Tabui 3 Mr A C QAdmtttfd 1-7-4^') HimatoUgtc Rtspmst After AJmentrir^tm ej Vti^ia Bu/rm 

StreptcfT^s fftseus 


Date 1 

Day 

Hemo^oHn 

RBCX 

10* 

Refcica 

locytei 

R'BC X 

RenaAi 

lit dwe) 

% 

Gm, 


j~ 7-49 

° i 

4 ° 

6 16 ; 

1 

I 61 

I 1 

4 45 

1-7-49 Marrow Rnbn 

blasnc and ptorubncync. (fig- 
3^ jipl VfiMmmBiiUvu 

i~ 8-49 

I 

— 

~ 


a 1. 



1-10-49 

3 

31 6 

4 88 

1 75 

i 16 X 

— 


i-ti-49 

4 


1 ~ 

1 

! “ 

40 0 


1 Improvement in strength and ip- 
pcate 

i-ia-49 

5 

— 

1 — 

— 

40 0 

— 


1-13-49 

e 


1 ■ 

, — 

318 

— 

1-13-49 Bone Marrow Rnbn 
cytic (fig 4) 

1-14-49 

7 

— 

1 — 

— 

>7 5 

— 

Discharged 1-14-49 

1-19-49 

11. 

43 0 

6 6 

I- 59 

15 s 

7 8 

Returned to work i-i 4"49 

1 - 16-49 

»9 

55 4 

8 54 

3 M 

4 5 

4 5 




Fio 4 RoDBicmc Httoipiasia ^ 

Sternal marrow obtained on i-i3'-49 from Mr A C , six days after the administration o(}^PS 
viumin Bi from StrepifftT^cts p-tsrus 

CtsiU Htsicrj Mrs K R. a 47 year old secreniy of Irish doccot, ww 6tst seen 
because of pallor weakness and suggenng The panent noticed onset of progranve wa 

November 1^8 Two weeks later she found it nccessaty to stop work f 

the was able to perform mimmal household tasks her dimcal tonisc was downhill 
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bcr she developed staggenng and her appetite began to wane In Januar) , her legs became increasing!/ 
edematous She attnbuted these symptoms to a rundou*n condition but the exhaustion and pallor m 
her lips finally became so smling she had to consult a ph) sician 

Past Htstcry About ten )cars prcMOusl) the patient had an episode of sveaLness \%hich necessitated 
SIX months period of rest at home Her ph) sician advised a diet high in liver, meat and xegctables She 
was given a few injections the nature of which she did not know The sjmptoms gradual!) subsided and 
although she new felt well she was able to work the succeeding nine years until D-cember 1^7 when 
wxakncss again became incapacitating She was placed on the same diet and gnen an ora! tome 
Symptoms subsided to the extent that she was able to start ssork in April 19^8 and continue until the 
onset of the present episode in Nosember 19^8 

Physical Exammatten The patient was a white haired, bluc*cycd white woman with extreme pallor. 
She had to be supported b) two people when she walked because of wcaloicss and suggering gait There 
was pronounced menul dullness confusion and memory loss Her tongue was pale with smooth glisten- 
ing edges There were scattered areas of sitiligo and brownish pigmentauon of the skin o\er the shoulders 


Tabl* 4. — Alfj K. K Pjsponst After AJmtntsiraiton ef Vitamin Bnfrim Streptomyces gytsent 


Dite 

Day 

(after 


RBC X 
lO’ 

Reticu 

locytes 

WBC X 
I(H 

RemarLs 


lit dose) 

To 

Cm. 


I-lx-49 

0 

11 

3 J-S 

I 01 

1 

3 5 

1-11-49 Bone Mariow Rubn- 
blasuc (fig 5) Vitamin Bn 
japg tm 

I-14-49 

1 

11 

3 J -5 

1 06 

->■ 5 

3 7 

1-14-49 Bone Marrow Prombn- 
cyac and rubncyoc (fig 6) 
41 hours after injecuon 

1-13-45 

3 

16 

4 0 

1 03 

10 3 

4 0 

Increased appeote and strength 

I-17-49 

5 

30 

4 6 

Z 1 

31 >• 

4 0 

Able to walk without a^sst- 
ance 

1-19-49 

7 

18 

A 2-5 

I 2.3 

16 7 

4 ^ 


I-II-49 

9 

30 

4 6 

1 63 

15 7 

5 8 

Vitamin Bu 3a /ig 

i-xx-49 

zo 

33 

5 0 

• 97 

15 0 

7 4 


1-14-49 

zx 

33 

5 0 

I 9 

13 5 

5 7 


1-16-49 

M 

35 

5 5 

1 91 

9 >■ 

6 1 

Tongue normal 

1-18-49 

z6 

38 

6 0 

1 94 

5 >• 

6 4 

Color good Edema gone 


and at the neckline The heart sounds were rapid and wxak and there were fine rales at both bases The 
skin was dry and waxy and there was pronounced edema of the hands, legs and ankles Neurologic find- 
ings included the following Pronounced weakness of hand grip (without atrophy) hyperactive biceps 
triceps and quadriceps reflexes, a positive Hoffmann s sign more pronounced on the left h yper e sth esia 
about the ankles, impaired large toe position sense, posmvc Babinski s sign bilaterally, absence of vibra- 
tion sense up to the iliac crests, where it was impaired pronounced ataxia and posmvc Romberg s sign 
Laheratfiy Fmdtnis Hemoglobin xi per cent (j X3 Gm ) Erythrocytes, 1,010,000 Renculoi^^tes, i 6 
per cent Leukocytes, 3 500 Differential polys 45 per cent eosin 3 per cent myelocytes i per cent 
lymphocytes 51 per cent normoblasts, 17 per 100 WBC, smear of peripheral blood was characttrmic of 
permaous anemia showing macrocytosis anisocytosis poikihocytosis and rubncytosis Bone marrow 
rubriblasac (fig 5) 

P^l^intsis (i) Pcnucious anemia in relapse (r) Subacute combined degeneraaon 
Treatment An injection of 31/ig of vitamin Bufrom Streplmyces griseus was given on January 11, 15^9 
The dose was repeated January xi 1949 because of the seventy of neurologic symptoms 

Cevrst The hemoglobin and reticulocytes levels arc shown on table 4. There was a prompt nse of 
reticulocytes starting 48-71 hours after the first injection and rcachmg a ma-nmnm about the fifth day 
The bone marrow 41 hours later showed maturation of rubnblasts toward prorubneytes (fig 6) The 
erythrocyte count started to nse significantly the fifth day and reached 1,940 000 by ic sixteenth day 
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FlO 5 — RuBRlBlJtfnC HTPEJtPLAHA 

Stcnial xiurrow obtained on i-ii.— 4^ from Mrs IC R before the adnunistranoo of vitamin Bij fron 
Slrrptm^as grtsens 



Fio 6 — PaoanmucTnc Am> RoBjuerne HTWaPi^A ^ 

Sternal marrow obtained on 1-14-45 from Mn K. R , 41 honn after the admiiustnnoa of Ji/'X 
-ntamin Bjj from StuftorT^as p^tseits 


Weakness and anorexia started to disappear within four days By the sixth day the pipcnt 
resume jdiysical acavity withont help increased color became evident abont the seventh d^ Untwn 
of the hands and feet gradoally snbsided Mcnally, the panent was sail retarded on the fifth y 
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pblc CO gi\c fragments of the past histof) ptCMousl) denied B) the ninth da) she nas almost normally 
responsive and ^a$ able to gi%*c particulars of her past histor) The neurologic improscmcnt is shown m 
ublc 3 Ncurologicall) there >sas stead) improxcmcnt of ataxia and performance of Romberg s test the 
first week On the sixteenth da) the gait was onl) slight!) ataxic Tlicrc was a slower improseraent in 
the other neurological findings 


Table 3 — Mrj K R Rfsp*nse of Neuro/oitc Mantftstattons to Vtlamtn Bit from Slreptomycts ptstm 


Due 

l-lJ- 4 '> j 

I-! -19 1 

I- 2 I-I 9 1 

I 21-19 

1 - 26-49 

I- 28 H 9 

Day after 1st dose 

1 

0 i 

5 ' 

9 ! 

11 

>4 

16 

Day after xnd dose 

— 

— 

0 1 

3 

5 

7 

Mental response 

Pronounced | 
dullness { 
confusion i 

Slow t 

1 

1 

Better 

Normal 

Normal 

Normal 

Ataxia 

4 

X 1 

I 

I 

I 

Slight 

Romberg s sign 

Vibranon sense 

4 

! 

L ' 
1 

Swaying 

Swaying 

Slight 

sw aying 

Same 

Antenor supenor 

Right — i 

Right — 2. 

Right — 1 ! 

Right — I 

Right — 

Right — 

iliac spine 

1 

Left— 3 

1 

Left— 3 

1 

Left— 3 

Left— 1. 

normal 
Left — 1 

normal 
Left — X 

Upper part of nbia 

Absent 

Absent 

Absent 

1 

Right — 
Faint 

Left — 
Absent 

Right — 
Faint 

Left- 

Absent 

Right — 
Faint 

Left — 
Absent 

Aakle 

Absent 

1 Absent 

Absent 

Absent 

Absent 

Absent 

Posmon sense — toe 

Absent 

Absent 

Impaired 

Impaired 

Impaired 

Impaired 

Heel knee test 

Right— 4 

Right— 3 

Right — 1 

Right — 1 

Slight un 

Slight un 


I-eft — 4 

Left-3 

Left-3 

Left— X 

stcadi 

ness 

^ steadiness 

Tendon reflexes 







Biceps and tn 

4 

4 

: 4 

3 

1 

X 

ceps 







Quadneeps 

4 

4 

4 

3 

X 

X 

Hoffman s sign 

Right — 2. 

Right — L 

Right — I 

Right — 1 

Right — X 

Right — 1 


Left — 4 

Left— 3 

Left— 3 

Left— 3 

Left— 3 

Left— 1 

Babinski s sign 

Right— 3 

Right— 3 

Right— 3 

Right — 1 

Right — 2. 

Right — I 


Left— 3 

Left — 3 

Left — 3 

Left — 1 

Left— 1 

Left — I 


V itamtn from Strrptomyctn Grtscus The Treatment of Ftve Cases of Pemtcious 

Anemta tn Kemssston 

A single dose of 32.^5 of vicarmn B13 from Slrrptomycts grwfarj was given mtramoscularly to each of 
fixe paaents with pcmiaous anemia who had been receiving liver extract regularly for penods varying 
from SIX months to ten years All but one of these patients had associated diseases a rteri osclerosis and 
cystitis Cease 3) diabetes raellitus Cc^sc 4) hypothyroidism Co^s^ 5) sind latent lues Cc^se j) Four pa 
ticnts (cases 3567) appeared rather resistant to treatment •with hver extract m that their erythrocyte 
levels remained below optimum or they had complained frequently of weakness and/or poor appetite 
The hematologic responses following injection of vitamin Bu from Strtptomycts p-isats arc shown in 
tible 6 There was a slight reuculocytc increase (1 8-4 9 per cent) in only one pauent (ease 7) whose 
initial erythrocyte count was 3 000 000 In one patient (ease 6) there was a significant nsc m erythrocyte 
count. 







Tasls 6 HimttiltiK 'Rtsftnsi tt Vtltmin Bu frtm Stripttmjcis putms Fin Peltnls tcilb fmaiti 

Antmit m Bjimistin 


Dtte 

Diy (afUr 
1ft dose) 

Hemoglolitn 

RBC X 10 « 

Retica 

Jocyte* 

3 TBCX 1 (J 

LerdoIRBC 

X 10* dtfrinr 3 

j aoQllui prtTwiii 

% 

Gnx 

lUnte 

Atc. 






% 
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38 
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4 4 
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00 

IX 8 
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00 
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0 3 

6 0 



11-04-48 

X 

— 

— 

— 

I 0 

— 



10-1.7-48 

> 

— 

— 

— 

1 8 

— 



10-19-48 

7 

79 ^ 

IX X 

3 45 

0 7 

— 



10-31-48 

9 

~ 

— 


I X 

— 



i-ia-49 

10 

— 

— 


1 I 

— 



1-11-49 

ii 

78 7 

IX I 



3 8 



1-19-49 

18 

79 6 

IX X 



65 




35 

87 I 



wm 

— 



CCiK 4 — M. S ) 





■ 


3 9to 

4 05 








4 - 


11-10-48 

0 

8t 5 


4 18 


6 1 



11-31-48 

9 

— 



j 3 

— 



1- 5-49 

M 

73 ^ 



I 8 

5 8 



1-11-49 


76 3 



3 - 

5 9 



1-19-49 


80 7 

11 4 


I 3 

5 - 




mm 








(Cue 5— A. N ) 


1 

1 


^^B 



0 

CD 

4 - 








4 5 


11-19-48 


84 7 

13 0 


0 3 

— 



11-31-48 


— 

1 — 


0 6 

— 



1' 3-49 

5 

— 

i 


j 4 

— 



5-49 


76 8 

; 11 8 

3 76 

0 3 

3 6 



I- 7-49 


— 

— 

— 

0 9 

— 



1-10-45 


— 

— 

— 

0 3 

— 



1-11-49 

04 

75 

II 6 

4 OJ 

' 0 7 

1 



1-19-49 

XI 

80 0 

I- 3 

3 74 

0 7 

3 7 



1-16-49 

18 








(Com 6— M. B ) 







0 

0 

3 3 








3 7 


xx-zx-^g 

0 

68 1 

10 4 

3 37 

0 4 

3 5 



11-14-48 

X 



— 

I 0 




11-17-48 

5 



~ 

0 6 




11-19-48 


77 - 


3 31 

0 6 




11-31-48 



^Bm 

— 

0 3 




5-49 


77 - 


4 01 

z 1 

4 0 



1-11-49 


70 8 

^99 

3 83 

0 9 




1-19-49 

18 

71 0 

^^9 

4 J 

0 4 

4 8 



1-X6-45 


79 - 

IX X 

4 17 





(Caie 7 — V S ) 







1 710 

3 - 

0 9 

1-11-49 


64 9 

10 0 

3 - 

1 8 

4 - 



1-14-49 


— 

— 

— 

I 9 




1-17-49 

s 

— 

— 

— 





I-X6-45 

M 

73 - 

H 3 

3 3 
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The dmiCjJ rcsponfc to treatment i( indicated in table 7 Four of the fi'c reported subjective improve 
ment (eases 3, 5, 6, 7) mainl) better appetite increased strength and more endurance In two instanees 
there was significant ssxight gain (case 3 7J lbs case 6 13 lbs ) 

Discussion 

Shorb'" found by microbiologic assay that vitamin Du bas 11,000 times more 
growth promoting potency for Lactobacillui lactis Domer than a standard concen- 
trated liver extract and estimated b) tbis method that i /ig of vitamin Du is 


Table 7 — Omical RiSpenst cf Fin Ptliinls wilt Pirnicitut Animit in Rtmissiin TrinliJ wilt VilaminBn 

frtm Slriptnnyis pisini 


Case 

Sex ape 
color 

DUgoosis 

made 

Treatment 
(doupe o( liver 
extract) 

Associated 

diagnoses 

Results of infection 
of 32 pr; 

Penod 

obscr 

ved 







weks 

3 F P 1 

M 61 W 

'945 

15 U t X 

Coronary arten 

Increased appetite 

5 




\tcckl) 

osclcrosis 

and strength 






P V D —legs 

Weight gain 7J 






(Arteno 
sderouc') 
Chronic cys 

lbs 






aas 



4. M.S 

F 53 W 

'939 

'5 U q 1-3 

Diabetes mel 

No improvement. 

5 

weeks 

litus Arthn 

(Diabetes difficult 






as Bursms 

to control because 







of poor coopera 
uon) 


5 A. N 

F 56 W 

'946 

15 U q i-x 

Hypothyroid 

Increased strength 

3 




weeks 

ism 

Appeute mil poor 


6. M. B 

F 34 W 

1948 

15 U q week 

None 

Increased strength 

5 


Qune l8) 



endurance and ap- 
pcate. Weight 

gain — laj lbs 

Rise in crythro 
cyte count 




7 V S 

F 45 C 

'94X 

15 U q L 

Latent lues 

Increased strength 

2 . 



weeks 

([Treated in 

endurance and ap' 






1 '94'-) 

petite 



approximately equivalent to i U S P unit of liver extract Clinical studies, on cases 
of pernicious anemia, also imply that this ratio is approximately the same for the 
anti-pcrniaous anemia activity of the two substances Thus, for example, in the 
first case reported in this paper, the dosage of 50 iig of vjtamm Bu produced a rise 
of circulating erythrocytes from 1,600,000 to 3,900,000 per cu mm From previous 
computations'* a similar rise of z,3cx5,(X)o erythrocytes per cu mm should have 
been obtained by the daily administration of i to 2. units of liver extract for a four 
Rod one-half week period (total dosage between 32. and 64 units) In general it 
appears that a satisfactory remission can be produced by a dosage of ^0-100 /ig of 
vitamin Bu, whereas the number of U S P units of liver extract necessary to pro- 







856 


TREATbrENT OF PERKIOOUS ANEMIA 


ducc i remission is about 56-101 ” The relative accuracy of this correlation be 
tween the clinical response to vitamin B12 and its T.T.D potency emphasizes the 
importance of the microbiologic assay method 

In treating the first case (Mrs A O B) a dose of 50 /ig of vitamin Bj from liver 
was given during the first two days and further treatment was withheld during a 
114 day period of observation to determine the type and duration of response to 
this method of administration The hematologic remission was probably sub- 
opumal because the erythrocyte count did not reach the desired level There was, 
however, complete remission of all symptoms attributable to pernicious anemia 
The rise in red cell levels lasted about 86 days, at the end of which time the ct) 
throC3rte count and hemoglobin levels started to descend A subopumal response 
following a smgle initial dose would depend upon either an inadequate dose or an 
inability of the patient to store amounts m excess of the immediate need at the time 
of mjcction 

The hematologic improvement of a cases of pernicious anemia m relapse (Mr 
A C and Mrs K R ) treated with vitamin Bi. derived from Streftomycts fpstm 
IS similar to that obtained by others who gave vitamin Bu from liver and used 
dosages of the same magnitude These two patients had an early reticulocyte me 
which was followed by a steady elevation of the erythrocyte level The clinical 
symptoms of weakness, exhaustion, and anorexia disappeared rapidly and the 
neurologic improvement in one case (Mrs K R ) was definite from a functional 
standpoint although the tendency for some of the physical signs, such as pathologic 
reflexes, loss of vibration and position sense, to disappear was slow durmg a two 
week, period of observation These changes arc not unlike the results obtained in 
the treatment of similar cases with vitamin Bi- ’ ■* These initial results make it 
appear that from the clinical standpoint both vitamin Bu from liver and vitamin 
Bi> from Streftomjees grtseus arc cither closely similar or identical in their physio- 
logic action 

The administration of vitamin Bu from Stnpton^ccs griscus to 5 patients with 
pernicious anemia in remission resulted in minor subjective and objective improve 
ments in 4 of the 5 cases In one patient who had been receiving 15 U S P units 
liver extract every week, there was a significant rise m the erythrocyte count 
(3,300,000 to 4,ooo,cxx) cu mm ) following the injccuon of vitamin Bi from 
Striptomyces grtseus It is probable that an cqmvalcnt dosage (1 c , about 31. umis; 
of liver extract would have produced a similar result 

All evidence available at present indicates that vitamin Bi is the active anti 
pernicious anemia factor in liver extract Its reaction in cases of pernicious anemi 
is in every way comparable to that of liver extract, differing only m that it p^i^ 
duces an earlier reticulocyte nse and a reticulocyte peak on the fifth day compar 
to the seventh day with liver extract Vitamin Bi-* has the advantage t at 1 
nonimtating when injected intramuscularly Berk ct al ' reported a case a erg^^ 
to both beef and pork liver extract but who developed no reaction w cn vita 
Bii was administered This new substance makes possible the adniinistra ^ 
large doses of the specific factor in concentrated form which may prove to 
tinct advantage in the treatment of patients who arc resistant to 
liver extract or in patients with severe neurologic involvement vv ere e 
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tcnsnc thcrap\ is desirable The isolation of an anti-pcrnicious anemia factor from 
the secretions of Strtptornycis ^nseus is important in that this source ma\ prose prac- 
tical from the economical standpoint 

Vitamin Bi; is unique in that it is a cobalt-containing complev and has a char- 
acteristic purplish color This places emphasis on the problem of the fundamental 
importance of cobalt as a trace substance in human nutrition Cobalt mas be 
an element essential to the actisits of sitamin Bj- hosscser, the cobaltous ion 
b) Itself does not appear to hase ans actisits sshen tested bs the microbiologic 
method ' Furthermore West" treated tsso patients ssith pernicious anemia usini; 
cobalt acetate (single dose of 500 ng ) and cobalt chloride (sincle dose of 150 ^g ) 
svithout hematologic response V'hether cobalt has ans salue in the treatment of 
ocher hematologic diseases is set to be demonstrated We has’e administered cobalt 
chloride to 5 cases of hs^ioplastic anemia and 3 cases ssich leukemia in doses of 10 
to L5 mg dail} (table 8^ We hase not noticed ans significant hematologic changes 
svhich could be attributed to the administration of cobalt in these diseases and 
Burchenal has had similar experiences in hspoplastic anemia, aplastic anemia and 
leukemia 

Summary 

I A clinical remission in one case of pernicious anemia in relapse treated ssith 
50 ng of vitamin Bi from liver is reported the patient was follosved for 114 das s 
after two doses of 15 ng svere given on successise dass and a peak of 3,900,000 
er)chroc)tes occurred on the eightv-sixth das 

1 Prelmnnar) observations are reported in l patients ssith pernicious anemia 
in relapse treated with a sitamin Bi dcrised from Strtptomycts gnstus, the first 
patient who had no neurologic complaints reccised 31 ^lg while the second ssas 
given two doses of 31 /ig each because of severe, subacute, combined degeneration 
A good hematologic response and a satisfactorj clinical remission occurred in 
both cases There was definite improvement neurologicall) in the second case 

3 The administration of 3X ^lg of vitamin Bi- derived from Strcptomyccs gnscus 
to each of 5 cases of pernicious anemia in remission resulted in minor subjective 
and objectuc improvement 

Conclusions 

I Vitamin Bi. from liver and vitamin Bj derived from StrtptorTtyces grtseus pro- 
duce similar clinical results when dosages of the same magnitude are given to 
patients with pernicious anemia in relapse Since the ph)sical and chemical proper- 
ties are also verj similar this implies that these substances are closely related or 
identical 

L The results obtained in this stud} are consistent with previous indications 
that Mtamin Bi. is the single or at least the principal actne anti-pemicious anemia 
factor in Iner extract 

3 If the actne factor can be prepared economicalh from cultures of Strrptomycis 
grtsius, this ma) prove a valuable source for the specific therapeutic agent in per- 
nicious anemia and related macroev tic anemias 

4 The ingestion of cobalt chloride has little or no effect upon the blood levels 
of cases of h}-poplastic anemia and leukemia 
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Tadle 8 —Egtcl */ Inifsiun tf Oialt CtUrtJt upn smu Haut$lt(^u Djscrastsi 
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Addendum 

The purpose of the addendum is to discuss I the further progress of the eight 
eases reported above, II the presentation of three additional cases of pernicious 
anemia treated with vitamin Bu (from Streptom^cts p^tstus^y III the administration 
of vitamin Bi* subhnguall} , and IV additional comments 


7 Interval Report of Cases Reported (Ahove^ 
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Cast ll^Mrs K K The results of treatment of Mrs K R (Cue IT) deserve further mention On Feb 
8 1549 the blood levels had risen to 45 per cent hemoglobin and to 2. xoo 000 erythrocytes At this time 
an addmonal 15 ng of Bu (from StrepUrT^ccs grtstMi') were given by injection because of the seventy of 
the neurologic lesions There v.as a contmuation of the highly satisfactory course with good strength 
»nd appetite and further impro\’cmcnt of the neurologic manifestauons On April 17 1^9 the sation 
gait and position sense were normal as were the deep tendon reflexes Only faint Hoff'man s and Babinski s 
signs were present The vibraaon sense had reappeared at the upper end of the nbias (although still 
subnormal) and was faintly pcrcepablc at the anlclcs The blood levels reached a peak of 83 per cent 
hemoglobin and 4 400 000 erythrocytes on April xy 1949 Howxvcr three weeks later there were carl) 
signs of relapse with slight regression of the neurologic improsxment and a drop in the blood levels 
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to 6i per cent hemoglobin and 3 180 000 cry throc>"tc$ The remission (produced b> a total dose of 83 pt 
ofBi)lastcd therefore oscrioodays Adoscofjoptg of Bn was given intramuscularly on May 17 13^3 

II Report of Three Additional Cases 

Cast t M McC a 64 year old Irish woman was admitted to the Jefferson Hospital Feb 15 1343 
sNith pernicious anemia m rclapsp In addtuon to the usual history of weakness faoguc dyspnea 
anorexia weight loss and sore tongue the patient had noted mild jaundice for three months The patient 
had a smooth tongue cheiloses and a palpable liver The only neurologic change was diminution ofvibn 
non sense at the left ankJe The blood levels on admission were a8 8 per cent (4 4 Gm ) hemoglobin md 
I 300 oco erythrocytes There was a reucolocytosis of 10 5 per cent because of ingcsuon of liver pilh put 
before admission On Feb a8 1345 when the reticulocyte level had dropped to 3 a per cent 50 pg ofBi 
(from Streft9frrfcts grtstms') were given intramuscularly The rcuculocytc peak was 16 6 per cent on the jih 
da) There was remarkable increase in strength and appetite and the jaundice disappeared Nonnal nba 
uon sense was restored The maximum hemoglobin level (70 8 per cent) and cryzhneyte count 
(3 510 000) occurred on April 13 1349 (44 days after injccuon) Two weeks later Apnl 17 1949 the 
blood levels had dropped (hemoglobin — 60 per cent erythrocytes — 3 000 000) The paaent was then 
gi\xn 50 fig of vitamin Bis sublingually (See below ) 


Cast ^ V P a 36 year old Negress was admitted to the Jefferson Hospital on March ii 13^9 vnih 
pcmiaous anemia in relapse The main clinical features included gastrointestinal disturbances cirdicv 
vascular complaints sore tongue anorexia weakness headaches and weight loss The blood count 
was hemoglobin 3J 3 per cent (3 5.9 Gm /loo cc ) erythrocytes 950 000 leukocytes 1 300 platelet! 
44 000 (per cu mm) The administration intramuscularly of 50 Mg of Mtamin Bj (bxsm SirtfU^yt 
grufiix) on March 15 1949 resulted in a reticulocyte peak of 39 1 per cent 00 the 8th day The gascro- 
incesnnal complaints subsided within nvo days and the patient developed an cxccKent appeote B) 
April 10 1349 the atrophy of the tongue had completely disappeared as bad also the cardiac signs and 
symptoms Increase in strength paralleled the gradual rise of blood levels which reached 84 5 P® 
hemoglobin and 3 800 000 erythrocytes on May 4 1343 the 45th postiojccnoD day The blood count 
was maintained at this Ie\cl and the patient felt well when she was last seen 00 May i8 1949 


Cast le } G a 47 year old white man was admincd to the Jefferson Hospital March a 1949 '''Jth a 

spasne unsteady gait and weakness of the lower extremities A diganosis of pcrmcious aocmi* id relapse 
(hemoglobin 35 per cent ciythrocyccs i 400 000) had pmionsly been made in March 1948 and a 
hematologic rcmissson had been produced and maintained by regular injections of hsxr extract Tb 
neurologic picture vm complicated by an old spinal cord injury (incurred in 1938) for which he had been 
observed by the Neurology Sen ice since 1346 This injury had resulted in an hypotonic bladder a residual 
partial Brown-Sequard syndrome on the left side at the level of T8 and a parual postcnor-coluitm jyn 
drome with loss of vibration sense from the lower ribs down but intact position sense The pticnt > 
spasncit) had lu onset with the anemia and had become progressively worse unul the nine of admission 
Diagnosis was made of lateral-column disease secondary to pernicious anemia On March 15 i^ 
5 DMg of \itaimn Bi (from StTtftgmjcrs grtstas') were given intramuscularl) and a dose of 15 Mg ^ 
week thereafter There was an carl) impro\'cmcnt in steadiness of gait and 1 gradual decrease of spistiaty 
the hypcracavity of the reflexes lessened as did the intensity of the pathologic reflexes in al) cxtrcnurio 
At the end of eight weeks the functional performance was rcasonabl) good There was no imprownKni 
of the change' rcsulung from the old injut) 


III Sublingual Administration of Vitamin Bit 
Pcmiaous anemia seems to be a disease of impaired absorpuon (through tb 
gastrointestinal mucosa) of fats, carbohjdratcs, proteins" and cenam 
paracularh vitamin Bi Hall ct al “ have shown that dosages (15 Pg ) 
which arc cffccuvc when given intramusailarly, arc ineffective when gi'cn ora , 
unless nonnal gastne )uicc is added This suggests that the mtnnsic actor a 
mcrcl) as a earner or absorber of Bi through the gastrointcstina 



LOWELL A ERE AND DRUCE WIMCR 


86l 


However, West'' stated that large doses (600 Mg ) of D,. given orally will produce 
a maximum reticuloc)tc response This would impl) either that patients with 
pernicious anemia make small but insufficient quantities of intrinsic factor (per- 
mitting onl> partial absorption of available Bi ), or that Di- in relatively high 
concentration is absorbed by mass action (despite the lack of absorber or 
intrinsic factor) Realizing that saliva does not contain intrinsic factor, we were 
interested in determining if vitamin Bi, concentrated on a small area of oral mucosa 
would be appreciably absorbed Hence three patients were given Bi- sublingually 

Cisi I A C OnMayiS 1549 the blood levels hid dropped to 55 8 percent hemoglobin and i 600 000 
erythrocytes the reticulocyte count was o 7 per cent OnMayio 1949 the patient received sublinguallj 
100 Mg of vitamin Bi The reticulocj tc level rose to 4 2. per cent on Ma) ay 1949 

Cast 7 V S was giv en 50 Mg of vitamin Du sublingually on April 7 1949 at which time the hemo 
globin was 58 per cent the erythrocyte count 1,400000 and the patient complained of weakness and 
parasthesias of the hands and feet On the jth day after the administration the reticulocyte level had 
increased to 5 1 per cent The patient felt much improved On April 14 1949 another 100 Mg were given 
sublingually On May 1 1949 the patient continued to feel well and the blood count was 68 per cent 
hemoglobin with 3 300 000 erythrocytes per cu mm 

Casts M McC was given yoMg of vitamin Bi sublingually on April 17, 1949 when it appeared that 
her count had surted to drop The hemoglobin at this ume was 60 6 per cent (9 33 Gm ) and the etythro 
cyte count was 3 000 000 The patient noticed stiffness of the hands and parasthesias and there was dimin 
ished vibration sense again at the left ankle The tongue showed early atrophic changes There was no 
reuculocytosis after the sublingual administration However the patient felt much better One week later 
the stiffness of the hands had subsided but the decreased vibrauon sense persisted In two weeks May 1 1 , 
1949 the hemoglobin had risen to 69 a per cent (ii 67 Gm ) and the erythrocyte count to 3 800 000 The 
vibration sense in the ankle became normal although occasional parasthesias were still present The 
pauent felt well except for a tore tongue which had developed during the second week The end of the 
tongue was beefy red and the central and posterior portions atrophic At this ume May rr 1949 50 Mg 
of viumin Bis were given intramuscularly Again there was noted no reuculocytosis on the jth day The 
glossius disappeared one week after in|Ccaon 


IV Comment j 

It is interesting to note that Addison cxactlyr 100 years ago first accurately 
described pernicious anemia " The isolation of the antipemicious anemia factor 
(the most potent therapeutic agent known to man at present) is a most appropriate 
centennial event 

Allowing for variations in the degree and type of relapse and in the individuals, 
responsiveness it can be estimated that the injection of 50 to 100 Mg of vitamin Bu 
IS capable of producing a remission of pernicious anemia lasting 50 to 100 days, 
about 50 Mg given to a patient in remission will maintain the remission 70 to izo 
days The general complaints (weakness, fatigue and glossitis) and neurologic 
complaints (parasthesias and stiffness) appeared more difficult to control than the 
blood levels 

Treatment of pernicious anemia with Bu (or liver extract) occasionally results 
in iron deficiency during the development of remission Thus one of our patients 
(K R ) developed hypochromia of erythrocytes which was overcome with the use 
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of intravenously admimstcrcd iron (saccharated iron oxide*) Other defiaenacs 
during remission in pernicious anemia are indicated by the tvorlt of Brown'* who 
found that glossitis (and other lesions) developing durmg liver extract thenpj- 
required specific treatment, with pantothenic acid, nicounic aad, nboflavin oi 
folic acid Glossitis which developed in one of our patients, M McC , (while 
remission was complete in all other respects) responded well to an addiuonal dose 
of Bi2 As yet there have been no reported failures of glossms to respond to ade 
quate treatment with Bu 

The results of the sublingual therapy were inconclusive because of the difficult) 
in evaluating response in pauents with partial remission Slight reticulocytosis 
occurred in two of the three trials and a definite clmical improvement seemed 
evident in each case The degree of response and the sites (gastne or sublingual) of 
absorption were uncertain 
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THE EFFECT OF VARIOUS ANTICOAGULANTS ON THE SPECIFIC 
GRAVITT OF BLOOD AND OF PLASMA, 

AND ON THE HEMATOCRIT 

By Paul L McLain, M D , and C H William Ruiie, M D , 

WITH George J Pastorius, M D 

T he introduction of rapid, simple methods for measuring the specific 
gravity of body fluids’"’ has led to a growing appreciation of the usefulness of 
such measurements, particularly as applied to blood and plasma Although it 
IS not difficult to measure the specific gravity of blood prior to coagulation, the 
comparable treatment of plasma requires special facilities for rapid sedimentation 
of the corpuscles In general, the measurements arc carried out much more con- 
veniently on samples which have been dcfibrinated or in which coagulation has 
been prevented by the use of various chemicals The influence of certain anticoagu- 
lant procedures on the specific gravity of blood and plasma has been reported,’ " 
but greater emphasis has been placed upon the effects on red cell volume In 
the observations here reported, the specific gravity of dcfibrinated, heparinized, 
oxalatcd, and citrated blood, as well as that of the scrum or plasma from blood so 
treated, was compared with the specific gravity of an aliquot of the same sample, 
untreated and prior to coagulation Similar comparisons were made for relative red 
cell volumes by hematocrit 

Material, Procedurb and MLethods 

All obscrvjuons were midc on artentl blood freshly drawn from rabbits The animals were anes 
thctizcd lightly with ether and a large bore hypodermic needle was tied into one of the carotid arteries 
exposed in the neck Approximately ao ml of blood were withdrawn into a syringe and the blood was 
then quickly transferred in measured amounts to small, appropriately prepared test tubes The drawing 
and transfer of the blood requited only a fess seconds hence uniformity of the sample was assured 

Plasma from untreated blood was obtained by centrifugahzing freshly drawn blood for thirty seconds 
in an angle centrifuge at about ii.ooo revolutions per minute Qmean radius 6 7 cm ) Aliquots for defibri 
natron were stirred with fine nickel silver wires for the required length of time, usually about five ram 
utes Samples for chemical anticoagulant treatment were imxcd promptly with the proper amounts of 
reagent previously placed in the receptacles The anticoagulants used with their respective amounts 
for each ml of blood, were as follows heparin dry, o i mg (10 units) heparin, solution o 01 ml 
(equivalent to o 1 mg of dry heparin) sodium citrate powdered 5 o mg poussium oxalate, powdered 
s-o mg potassium oxalate i 6 per cent solution o 1x5 ml (equivalent to x o mg of dry potassium 
oxalate), ammomnm potassium oxalate mixture ” 3 1 by weight i o mg 

The specific gravity (15/15 C ) of the blood and of the plasma or serum for each of the above condi- 
tions was measured by a modificanon of the falling drop method of Barbour and Hamilton t Relative 
volumes of red cells and plasma or serum were measured centrifugally by an hematocrit of the Daland” 
type operated at 11 000 r p m and 4 7 cm effeenve radius (R C F approximately 7 500 x G) unul 
constant sediment volumes were obuincd 

From the Department of Physiology and Pharmacology School of Medicine University of Pittsburgh, 
Pittsburgh Penna 

Presented in part before the Twenty ninth Annual Meeting of the Federation of Amencan Societies 
for Experimental Biology Boston Mass March 31-April 4 194X, 
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Results and Discussion 

Analysis of the data by the usual statistical methods showed that, for the dis 
tnbutions obtained, demonstration of heterogeneity among the vanous senes of 
observations required differences far in excess of the established expcnmcnul 
erron for the methods employed For this reason, the occurrence of certain mini 
mum differences between treated and untreated aliquots of individual samples was 
considered a more reliable basis for analysis than the conventional difference be 
tween means, especially for limited senes The tables, therefore, show the fre 
quency and direction (a) of all changes which occurred in the individual compan 
sons, and (b) of all changes in excess of somewhat arbitrary limits, chosen to 
represent changes measurable with certainty by the methods employed, yet of 
limited or doubtful sigmficance when interpreted dimcally, espccidly m view of 
the magnitude of normal diurnal varianons In addition, mean and algebraic mean 
changes are tabulated 

Effect of Anticoagulant Procedures on Specific Gravity 

Blood The first section of table i summanzes the changes in spcafic gravity of 
whole blood associated with the various anticoagulant procedures All but two 
of these produced mean changes in excess of o 0004, the linut chosen as represent 
ing a significant difference from the control specific gravity The greatest changes, 
as well as the most frequent and most consistent in direction, occurred under the 
influence of sodium aerate and dry potassium oxalate Both of these chemicals, in 
the amounts employed, increased the specific gravity of blood at every trial Fur 
ther, all but one such increase exceeded o 0004 Dry heparin increased the specific 
gravity in a significant majority of cases, though an occasional decrease cKCurred 
Increases greater than o C004 were noted in about half the cases, and the algebraic 
mean change was positive in sign and just below the limit of significance Hepann 
solution, on the other hand, decreased the specific gravity in all but one instance, 
and more than two-thirds of these decreases were greater than o 0004 Correction of 
the results for the volume and specific gravity of the hepann solution (not shown 
in the table) materially reduced the number of significant changes, and reduced 
the mean change by approximately one-half However, such correction is awl 
ward and impractical for routine work Potassium oxalate in i 6 per cent solution 
IS generally considered to be isosmotic with blood,” and should therefore produce 
httle or no change in corpuscle size Further, it should be possible to correct ob- 
served specific gravities for the volume and specific gravity of the oxalate solution 
added to blood as an anticoagulant In this senes, values so corrected were lower 
than the controls by more than o cxx)4 in half the tnals and within o 0004 of the 
control specific gravity in the remainder The correction was therefore only 5° 
cent effective The Heller-Paul oxalate mixture caused increases and decrciscs in 
spcafic gravity with almost equal frequency However, relatively fesv of t w 
changes exceeded o 0004, and the algebraic mean change was -f o 0001, ^ 

cates the best distribution of changes in the entire senes of observations 
non caused the smallest mean change in specific gravity of blood m 
greatest frequency of values identical with the control With regard to i c 
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qucnc\ of Significant changes, defibrination ssas %er) nearlj equivalent to oxalate 
mixture 

Of the anticoagulant procedures tested, then, defibrination and addition of 
Heller-Paul oxalate mixture caused the smallest and least frequent changes in the 
specific gravit) of whole blood Since both positive and negative changes occurred. 


Table i — Changts tn Sfectfic Grdtttj »f Btosd and CcrpMScIes Caustd 

bj VartOMS Anficoa^alant Pr^tduns 
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* For corpuscles read o 00L5 in place of o 0004 ten) 

t Observed spca&c graviues were corrected for volume and speafic gravity of added soluaoo. 
J Speafic gravities of corpuscles sscrc calculated 


Rnd since the mean change was not significant from a practical standpoint, correc- 
tion of observed specific gravities for the effects of these two procednres is not 
recommended 

Plasma The second section of table i shows the influence of the vanous anti- 
coagulant methods on the specific gravity of plasma As in the case of whole blood, 
sodium citrate and dry potassium oxalate increased the specific gravity in all tnals 
and to a highly significant degree Oxalate mixture, which had insigmficant effects 
on the specific gravitj of whole blood, increased that of plasma markedly in all 
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cases Dry heparin increased the specific gravity of plasma in a dear majont) of 
instances, the effect being slightl} more pronounced on plasma than on whok 
blood The effect of oxalate soluaon, after appropnatc correction, as to increase 
the speafic gravity in excess of o ocx>4 in half the cases, the mean change being 
o 00061 While serum from defibrinatcd blood had a lower specific gravit) than 
that of the corresponding plasma in nearly 80 per cent of mals, the differences ci 
ceeded o cxx)4 in only xa per cent, the mean change being o 00019 There were no 
direct compansons between untreated plasma and that resulung from the use of 
hepann solution as an anticoagulant However, the mean difference between such 
plasma and scrum from defibrinatcd blood was insignificant Since dt) hcpinn 
increased the specific gravity of plasma while dcfibnnation tended to reduce it, the 
hcparin-solution as here cmplo) cd seemed satisfactory for preservauon of the spe 
cific gravity of plasma, but not of blood 


Table i,- — Chgngts tn Hematcertt Caused bj Various AnSuoa^ulaaS FroetJurrs 
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* Observed values corrected for volume of added solnuon 


Corpuscles The speafic gravity of red cells was calculated from the observed spe 
afic gravities of whole blood and plasma, and the relative volumes of cells and 
plasma obtained by hematocrit The results were therefore influenced b) ihe com 
bined errors of the basic measurements Computations indicated that a change m 
corpuscle specific gravity of o 003 or greater should be detectable with certainty 
even though the contnbutory errors might be addmve All changes in corpuscle 
specific gravity greater than o 0019 were, hence, considered significant 

The third section of table i shows that sodium citrate and dry potassium oialat. 
increased the specific gravity of corpuscles in all observations The remaining anti 
coagulant procedures produced few significant effects 

Effect oj Anticoagulant Procedures on the Relative Volumes of Corpuscles and Plasma 

The hematocrir employed in this study was capable of revealing v ith cenaintp 
changes in excess of i o volume pier cent Among the anticoagulant pr ims, 
sodium aerate and dry piotassium oxalate consistently produced marLed s rin ag- 
of the red cell volume, as shown in table 1 Among the other met s, on^ 
occasional changes in excess of i o volume per cent occurred No such changes u 
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noted with oxalate mixture, dr) heparin, or heparin solution, and onl) one with 
I 6 per cent potassium oxalate solution after correction for volume of added fluid 
Defibrination tended to increase the hematocrit results, though the change was less 
than I o volume per cent in over three-fourths of the trials The best methods for 
preservation of cell-plasma volume relationships were oxalate mixture and isos- 
motic potassium oxalate solution 


SUMMARY 

The effects of several commonly cmpIo)cd anticoagulant procedures on the spe- 
cific gravity of blood and of plasma, and on the relative red cell volume, were 
studied in freshly drawn samples of arterial blood from rabbits Measurements on 
treated blood, or its fluid component, were compared with corresponding results on 
portions of the same samples without treatment and prior to coagulation 
Sausfactory preservation of the specific gravity of whole blood was obtained by 
defibrination or by the use of ammonium-potassium oxalate mixture 
Satisfactory preservation of the specific gravity of plasma was obtained by de- 
fibnnation or by the use of heparin solution 
The relative volume of red cells was essentially unaltered by the use of dry 
heparin, oxalate rmxturc, i 6 per cent solution of potassium oxalate, or by de- 
fibnnation 

Dry potassium oxalate and sodium citrate caused marked changes, increasing 
the specific gravity of blood and of plasma, and shrinking the red cells 
Dry heparin caused significant increases in the specific gravity of blood and of 
plasma 

Ammomum-potassium oxalate mixture increased the specific gravity of plasma 
markedly and consistently 
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THE KELL-CELLANO (K-k) GENETIC S'iSTEM OF HUMAN BLOOD 

FACTORS 


By Phiup Levine, M D , Milton Wigod, M A , Anni M Backer, M D , 
AND Ruth Ponder, B A 

A new agglucmablc factor of human blood was rcccncl) discovered with the 
aid of an anti bod) , an agglutinin, which is remarkable for its high incidence 
of positive reactions, 99 8 per cent, in w hitc indniduals (U S A) This antibod) 
Was found in a mother, Mrs Ccllano, whose infant had a mild form of hemol)tic 
disease Accordingl) , the antibodi will be referred to as anti-Ccllano and ils 
corresponding agglutinogen as Ccllano 
A stud) of the famil) of an indmdual from among the o i per cent Ccllano nega- 
tive group revealed the hereditar) nature of the Ccllano factor * Of the eight chil- 
dren, three were Ccllano negative Since both parents were Ccllano positive, the) 
were presumed to be hcccroz)gous Assuming two allelic genes, one determining 
Ccllano positive and the other Ccllano negative, the following values for the 
three genotypes were derived t 

Homozygous Ccllano Positnc 9: 1% 

Heterozygous Ccllano Positue 8 6% 

Homozygous Ccllano Negatnc o 1.% 

Because of the possible analogy to the M-N and the three Rh-Hr systems, the 
authors considered the existence of another gcneticall) related blood property pres- 
ent m the Ccllano negative and Ccllano heterozygous groups Thus, this theoretic 
blood factor should have incidences of about 8 8 per cent Two t\pcs of antibodies 
giving very similar incidences (anti-Lutheran 8 per cent and anti-Kcll 7 per cent) 
had been observed by Coombs, Mourant, Race and their co-workers " ’ ^ An 
analysis of the results with anti-Ccllano and two specimens of anti-Kcll sera on the 
above-mentioned family reveals the significant conclusion that the Ccllano and 
Kell antigens arc genetic alleles (table 1) 

For the sake of uniformity, the letters K and k , already employed by the 
British workers for the genes determining Kell positive and Kell negative reactions, 
respectively, will be retained The results given in table i indicate that the gene k 
Can now be considered as indicating the presence of the Ccllano factor 
As shown in table 1 , both parents arc heterozygous CKJi) and each is capable of 
transmitting the genes K and k to their offspring Such matings, which occur very 
rarcl) , 1 c , 8 6 per cent X 8 6 per cent or one in 135, arc most useful for analysis of 

From the Rh Blood Testing Laboratory Ortho Research Foundation Raritan Nets Jersey and the 
Nassau Hospital laboratory Mineola N Y 
Sec ubic I and the pap-r by Lcsinc ct al * 

1 The incidence of the gene for Ccllano negative -= Voooz. ■= 045 or 4 5% svhile the incidence 
o the gene for Ccllano positi\c ■= j — 045 ■= 935 or 95 The three \alues gnTn abo\x arc dcn\xd 
trom the equation ( 935 -f- 045)* 
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factors which have either very low or very high incidences Thus, Cellano nega 
tivcs of genotype KK (homozygous Kell) which should ocoir in Z5 per cent of the 
offspnng, were found in three of the eight children m contrast to o z per cent in 1 
random populauon Similarly, Kell positive (KK and Ki) which should occur m 
75 per cent of the offspnng of heterozygous parents, were found in six of the eight 
children in contrast to 8 8 per cent m a random population 
Further evidence for the allelic nature of the Kell and Cellano factors s\as oh- 
tained in a study of the five siblings of another Cellano negative individual Two 
of the five are CcUano negative and four are Kell positive These findings arc pre 
sented in table z 


Table i 



Anb Ketl 
Anti Laxarnf 

AnU Cenmo 

GtBotype 

Father Mr J Kal Sr 

+ 

-b 

ki 

Mother Mrs M, Kul 


-f 

Ki 

Children i John 


+ 

ki 

2- Julian 

-f 

0 

Kk 

3 Mrs A. G 

0 

+ 

u 

4. Mrs T S 

-f 

+ 

kk 

5 Mrs A, V 

+ 

0 

Kk 

6 Frank 


0 

kK 

7 Andrew 

+ 

+ 

ki 

8 Josephine 

0 

+ 

U 

Controls Mrs Cellano 

-t- 

0 

kk 

Mr Lazarus 

-1 

+ 

Ki 

Mrs Lazarus 

0 

+ 

n 

Jeffrey Lazarus 

0 

■f 

u 


As in the Kul family, the parents of the five siblings must be hetcroz)gous fer 
both factors and this was confirmed when that bloods were subsequent!) tested 
In the first publication of the Kell antigen, its frequency was given as 7 per 
while the serum studied by Wiener and Sonn reacted on ij per cent * Sanger, Race 
and their co-workers now report a larger scries with an incidence of lo 17 per 
positive rcacuons The calculated incidences of three genotypes based on the latter 
value and on the value 99 8 pier cent for the Cellano factor arc compared in table 3 
The close agreement of these values further supports the view that the genes for 
the Kell and Cellano factors arc allelomorphic to each other As in the case of th' 
M-N and the three Rh-Hr systems (Dd, Cc, and Ec), the three gcnotj’pes resulting 
from the intcracuon of these two genes corrcsjiond to the three phenot)^^ idcnti 
fied by parallel tests with the Kell and Cellano antibodies A type of blood v hit 
falls to react with both sera has not been observed 

Sera containing anti-Ccllano antibodies arc necessarily very rare, while the anti 
Kell type of antibody has been observed at least six times A list of these fo ow 

•The identification of this antibody as anti Kell was made by Dr Race 



Lt\nsn, wiooD, nACkcn, and pondhr 
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Kell 

Mourant and Racc^ 

Si 

Wiener and Siinn^ 

Dri 7 rn 

Sanper and Abclion' 

And 

Dun'ford* 

Liurus 

Lcvinc Rauch and UlocW* 

P L 

Vo^cl and Ro'^nfcld'® 


Table l 



Anil K 

(Anti Laurui) 

Anti V 1 
(Ami Crllam' | 

Cenol>pc 

Father Mr H Me 

+ 

4 * I 

Kt 

Mother Mrs L. Me 

+ 

+ 1 

Kk 

Giildrcn i Mrs B M 

+ 

0 

KK 

1 J G Me 

+ 

+ 

Kk 

3 E. V Me 

0 

+ 

kk 

4 Mrs A R 

+ 

+ 

Kk 

5 Mrs V S 

+ 

0 

KK 



Table 

3 



Anti Kell 
(Anti K) 

Genotype 

Ami Cellano (Anti k) 

Kell posiuve 

89 83 
/ 9 9 ® 

kk 

Kk 

g jcellino positive 

i 0 17 

KK 

0 L 


The greater incidence of anti-Kell type of sera is not surprising since incompatible 
matings for the Kell factor occur in 8 8 X 91 1, or 1 ix 5 m contrast to a value of 
99 8 X o 2. or I 500 for the Ccllano factor Thus, the opportunity for the produc- 
tion of anti-Kell sera is 40 times greater than for anti-Cellano 

Anti-Kell type of antibody may be missed in routine tests for isoimmunization, 
unless the mother s serum is tested against her husband s cells, suspended in bovine 
albumin, and with the Gaombs technic These procedures are essential for all 
instances in which isoimmunization may be brought about by a blood factor char- 
acterized by a low incidence in the general population Anti-Kell may be differen- 
tiated from anti-Lutheran since the latter antibody does not give a positive Coombs 
test and, in contrast to anti-Kell, its reactions arc stronger at lower temperatures 
than at 37 C 

Antibody of the anti-Cellano type may be expected if the serum gives an un- 
usually high incidence of positive reactions It is important, however, to exclude 
the anti-c (anti-hr") antibody which gives about 97 per cent positive reactions, or 
the coexistence of more than one antibody The latter possibility may be tested by 
suitable absorption experiments with carefully selected bloods of known antigenic 
structure 
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Extensive raaal and genetic studies vsrill be earned out when larger supplies of 
these two antibodies become available Preliminary expenments have shown that 
the Kell and Cellano factors arc not antigenic in rabbits 
Although preliminary data indicate that Kell and Cellano factors arc not related 
to other blood properties, more comprehensive studies arc required to exclude the 
possibility of linkage 
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EDITORIAL 


Auto-immunizatio'- 

B etween 1907 and 1914, the [French c%orkcrs ChaufTard ‘ Widal and their 
collaborators discriminated sharplj benseen hereditar) and acquired tvpes 
of hcmohtic anemia The risalrs benseen these n\o groups was keen, but from 
It sprang mans ness concepts and diagnostic tests Widal, Abrami, and Brule 
found auto-agglutinins in each of their cases of acquired hemolstic anemia and 
pointed to the diagnostic salue of this finding The significance of theirobscrsa- 
tions ssas lost for man) )cars, and for a long period '"approMmatcls betsseen 1910 
to 1940) mans obsersers stated that no real distinction could be made betsveen 
hereditary and acquired forms In the last decade, hossescr, obsersations have 
accumulated sshich not only prose that hemol)tic anemia may be acquired but 
svhich go far tossards indicating some of the mechanisms insolved 
The finding of an immune t) pc of iso-hcmol) sin in three cases of acute hemol) tic 
anemia led us to suspect that this ssas ctiologicall) related to the cvccssisc degree 
of hcmol)sis present^ This ssas borne out b) experimental obsersations svith 
hctcro-hcmol)sins Guinea pig red cells, injected into rabbits, resulted in the 
development of anti-guinca pig hemol) tic scrum When this serum svas then 
injected in guinea-pigs, sphcroc) tosis and acute hemolytic anemia developed 
The observation svas made that the small spheroc)tcs sscrc mature red cells and 
that the large red cells present sverc rcticuloc)'Tes This biphasic t)'pe of red 
cell population svas considered to be distinctive for hcmol)'tic anemia and the 
deducuon svas made that it svas due to (a) hemolytic activity of hemolysin acting 
on mature red cells and producing spherocytosis, and (b) to regenerative activity 
on the part of the marrosv, resulting in rcticulocytosis The disease hemolytic 
anemia svas considered to be an active rather than a passive process, and 
not due to a marrosv dysfunction 

Later, svhen the mechanisms for acute hemolytic disease of the nesvbom (eryth- 
roblastosis fetalis) were studied, it svas apparent that Rh iso-antibody as devel- 
oped by the Rh negative mother was responsible for injuring and thus destroying 
the Rh positive red cells of the fetus Some Rh antibodies could be detected in salt 
solution, svhereas in other cases, bovine albumin or plasma had to be used to 
demonstrate the agglutinin ( blocking or univalent antibodies) With the 
use of another test developed later by Coombs, Mourant and Race,’' it was ap- 
parent that antibody was firmly affixed ( coated ) to the red cell and could not 
be readily removed even with repeated washings of salt solution 
Hwffu-inimunization is rather readily understood red cells from one species of 
animal (X-antigen) are injected into the circulation of another species the second 
animal builds up a hetero-antibody (anti-X), this antibody can then injure the 
ted cells of animals of the X-type and cause hemolytic anemia Iso-immunization, 
too, seems fairly simple to comprehend, at least in its superficial aspects Here, 
an indnidual lacking a specific factor (such as Rh) can be immunized by the red 
'•ells (antigen) of another individual of the same species, with the production of 
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an antibody When this anubodj (anti-Rh) is then rc-injccfcd into the circulanoi 
of an individual with Rh positive red cells, antibody is adsorbed by the red alls 
These become injured, i e , spherocytic, or agglutinated, and are then remova 
from the circulation either by way of mechanical trauma of by splenic hemolpis 
In most cases of acquired hemolytic anemia other than in the type seen in thi 
newborn, aato-immunizztton appears to be the central feature The cause for dm 
phenomenon, in which the individual s own red cells apparently develop anngenn 
qualities, thus producing an auto-antibody, is quite obscui^ In an) event, then 
can be little doubt that in practically all cases of acquired hemol) tic aqemia noi 
due spccificall) to bacteria, parasites, chemicals or other definite factors, i c , m 
the idiopathic cases, the plasma contains an awu-anubody which acts against the 
individual s own red cells This is also an /ni-antibody, since it reacts against all 
types of human red cells and can be detected both by the usf of bovine albumin as 
a testing fluid and by the Qiombs anti-globulin technic Evidence is at hand indi 
eating that this antibody causes a shortening of red cell survival ame of foreign 
transfused red cells and of the individual s as well Recent studies in our laboratory 
reveal a stnking correlation between three tests (i) iso- and auto-antibod) as 
detected by the bovine albumin technic, (i) the anti-globulio test, and (5) the red 
cell survival time as determined by the Ashby technic We find that auto-anubody 
IS often Iiighcr in concentration tlian is iso-antihocly 

Auto-immunization appears to be the prime factor in acquired hemolytic anemia 
It occurs not only m the idiopathic cases, but in the syiUproraauc hemolytic 
anemia of such conditions as chronic lymphocytic leukemia fu rfir 
of this disorder we have observed, an auto-antibody of agglutinin type was 
demonstrable As a result of auto-immunization, various types of anubodies may 
develop It appears probable that antibody, affixing itself to the mature red cci 
of the affected individual, causes aggluanation and other disturbances of the red 
cell membrane with resultant spherocytosis The highest concentrations 
body are associated with the greatest degrees of spherocytosis These sensitized 
red cells are then acted upon either by complement, causing hcmol)^^, or more 
often are destroyed by the mechanical trauma of the arculUtion or selecuvc y rc 


moved from the circulation by the spleen 

Splenectomy in acquired hemolytic anemia may or may nOt remove the 
single production center for auto-antibody formation, in *tiy event, the c i 
spherocyte-destro) ing organ is removed It is well to realize that splenectomy may 
be either wholly or partially ineffective, since continued production o ^ 
may occur Future progress in acquired hemolytic anemia, which to 
the increase, lies in determining why auto-immunization develop* *00 ow 


be controlled 


WiLUAsi Dameshei:, M D 
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ANEMIA 

iNaoENcz OF Sictclemia IN THE Kew-born Negro Infant K B Scalt R P Cr^ferJ^nJ M Jenkjns From 
the Division of Pcdiatncs Hossard Unisersity School of Medicine and the Pediatric Sctmcc of Freed 
men s Hospital Washington D C Am J Dis Child 7/ 841-849 1948 

Two hundred and sixty two newborn Negro infants were tested for sickling trait b) the coscr slip 
method on the first third and fifth days of life Posiuvc reactions were obuined in nine or 3 4 per cent 
as compared to sixteen or 7 6 per cent in a group of L09 older children (one week to eleven years) sirai 
larly tested Three of the newborns with sickling trait were examined at a subsequent date (sc\en to seven 
teen mcraths) and the degree of sickling 10 each was found to be greater No cases of sickle cell anemia 
were present in the group of newborns 

The faaors which may concnbace to the suppression of sickling trait in early in£anc> and to the lower 
inadcncc of acme sickle cell disease in childhood arc discussed It is possible that further srudy using one 
of the more recently developed and sensiuvc tests or, as the authors suggest by the alteration of the 
chemical composition of the blcK)d of young infants may furnish an answer to this latency phenomenon 
and perhaps even aid m dctcrmiamg which panents with the trait will develop anemia and why 

HBJvf 

Sickle Cell Disease Studied bt Measuring the Survival or Tran'Stused Red Blood Cells S T E 
CMllaider^J F Nickil C V E 0 Pnrtll From the Department of Internal Medicine Wash 

ington University and Barnes Hospital St Louis Mo J Lab & Clin Med }4 90-104 1949 
The Ashby technic of differential agglutinacion was used to study the survival of transfused cells in 
ttlition to sickle cell disease l^onnal red cells transfused to patients wtih sickle cell anemia showed a 
normal survival time Red cells from patients with sickle cell anemia transfused to normal rcapicnt sub- 
jects showed a shortened average time of survival Red cells from healthy doners with the sickle cell 
trait transfused to normal recipient subjects and to a pauent with sickle cell anemia showed a normal 
survival time The findings indicate that the defect in sickle cell anemia is inherent in the red blood cell 
There n evidence to suggest that sickling is not a function of age of the cell but that the cells in sickle 
cell anemia vary consututionally in their liability to sickle The authors suggest that the difference be 
n^cen the anemia and the trait is qualitatisc and not simply one of degree 

GEC 

Detection or Mild Types of Mediterranean CCoolev s) Anemia C H Smith From the New York 
Hospital and the Department of Pedutnes Cornell University Medical College New York N Y 
Am J Dis Child 7/ 505-5x7 1948 

A study of the blood of 181 persons in 47 families with Cooley s anemia rescaled that asymptomatic 
indisiduals with Cooley s trait or the mild form of the disease were surprisingly common in New York 
City 

The diagnostic hematologic procedures employed and the characteristic blood changes arc described 
m dcuil The author stresses the importance of the hematoent as a diagnosuc procedure and of the find 
mgs of inacascd resistance of red cells to hemolysis in hypotonic solutions of sodium chJonde snppJcd 
red cells and the presence of hypochromic macrocytes despite the tendency to microcytosis 
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The hereditarv ispects of this disease remain a subjea of concrosxrsy although perhaps the mj^onrr 
of mvcjtigators currently fa\ or the hypothesis that the mild form results from hetcroiygosity of an in 
hented factor which when homozygous causes true Cooley s anemia "V^Tnlc the author 5 fiodio^ of 
characteristic hematologic abnormaliucs m healths members of the families of affected children (fcoih 
parents in every ease of a severely anemic child) supports the Mew of a domuunt hereditary fraor h 
docs not consider this limited study conclusive evidence of such a gcncuc relationship He does hotrercr 
tress the importance of the mild form of the disease and of the need for more widespread dctcaion of ihe^ 
asymptomauc earners who arc a potential source of hereditary transmission of the oven fonnofih 
disease 

StrxvTVAL OP Transposed Ea\TKaocYTEs prom a Donor with No^-turnal Haemoolobinuiia J V Djtt 
anJ P IL Mellism From the D parnnent of Clinical Pathology and the Medical Research Cooncil 
Blood Transfusion Research Unit and D partm*‘nt of Obstetrics Post-Graduite M*dicil SJiodI (>f 
London England Lancet i 350-391^ 1949 

Red blood cells from a patient with paroxysmal oo'‘tumaI hemoglobinuria were transfused (i) to in 
adult with rheumatoid arthrius and (x) to an anemic premature infant who received at th sun- not 
some normal adult blood Survival of both normal and abnormal crythro^es was follow-d by th Ashty 
technic Th*' cells from nocturnal hemoglobinuria were destroyed more rapidly than nortnil csp^Hr 
m the adult recipient This fitted in well with the in s itro observation that the baby s serum showed Hi 
hcraoU tic actn ity than lo adult and 6 oth-r infant s“ra tested against th* patient s red blood cells 
Both the 10 vitro studies and the transfusion exp nments suggest that the red cells in piroiysmil 
nocturnal hemoglobinuria vary in susccpctbilitv to hemolysis This variation ders not appear to h- r* 
latcd to ag* of the cells 

SC 

Paroxysmal Cold Haesioolobinoria OP Nov-stphiutic Tt?r L KL Mr//fy M D Hi in Frontfe 
MatT Misticordiac Hospiul Dublin Eire Lancet t 3S7-390 1949 

This is a full report of a w 11 investigated cas* of paroxysmal cold bemoglobinuna associiud with 
chronic hemolytic anemia and Ra>niud phenomenon There was no evidence of syphilis and tb 
Landst-incr reaction was negative A high citer cold agglutinin active over a wide thcmul nnp* 
constantly present and the mechanical fragility of the patient s red cells was increased He died 
four)car5 obs nation of urinirj infrction Necropsy findings arc reported 

Hemolysis During Transurethral PaosTATic Resection C L Burn ami L p Grtrtu From ih S'Ctifl 
onUroIog) Ma}0 Foundation and Mayo Ciinic Rochester Minn Surg Gynec AObst U 3 *^ 1 ^ 

1949 

The mcid nee of hemoglobincrtua following transurethral resection in a series of roocass sel"Ct- 
random was 56 p~r cent The criterion us-d for hcmoglobin-mia m this stud> was a conccntratioao c 
than 15 mg of hemoglobin p-r loocc ofpJasma As is pointed our this concentration is som what ■ 
than that used by other investigators who have reported a higher incid*ncc of h*mogIobic-mia m 
although smaller cas* studies . ^ 

Excessive bleeding the weight of the tissue removed and the difficult) of resection appeared rn 

significant surgical factors in inducing hemolysis prcsumablj by allowing much larger amounts 
nganng fluid (sterile w-at*r in this series) to wash into the circulation through venous sinuses An ara ^ 
of postoprativc reactions showxd thatgastromtesanaJ symptoms occurred tvvice as frequently ^ 

who had high concentrations of plasma hemoglobin as in those with no significant hcmolvsn 
interest that none of the patients experienced a posioptativc chill that th* mctdencc of frvef 
in the group without hcmoI)sis and that there were no instances of postoperative oliguru or ^ 
one panent wnthout significant hcmoglobincraia m whom the oliguria was aimbuccd to pjiie' 

Onl) SIX patients in this series had more than 500 mg of hemoglobin per 100 cc of plasma o 
had I 000 mg ) ^ hilc levels of plasma hemoglobin higher than this may induce rcca msc 
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5 tad) of a sutisticall) significant number of patients indicates that the concentration of Iicmoglobm-mia 
usuall) encountered during transurethral resection is not sufficient to b" harmful 


H DM 


Meoalocvtic Asatmms J F Wtlkmscn From the D-partmcni of Hacmatolog) Manchester Ro)al 
Infimuiy England Lancet ; -^^^55 191-196 ^949 

These OIn'cr Sharpev lectures gisen at the Roval College of Ph> siciani London in Mai eh 1948 gi\e 
a general res lew of m-gaioc) tic an-mias colored h) the author s ossm mcus and experience As the) Uwrc 
dcluercd a jear ago there is no mention of work resulting from the discover) of Mtamin Bj Tlicrc is an 
iniual sununai) of what was then Lnown of the stomach principal extrinsic factor th- liver principal 
and /olicaad with emphasis on th- work done b) the author and his colleagues on the stomach fictor 
A discussion of the various t)pes of megaloblastic anemia and the results of therap) follow Finall) 
the piognosis and incidence of cancer and other complications in p rnicious anemia is discussed in rcla 
non to Wilkinson s own carefull) observed series of 1 600 patients 

Some of the views expressed here of the relative inefficac) of some t)pcs of liver preparations par 
ticularl) wartime and postwar British extracts have been challenged and the suggestion made that a 
lowered protein intake in the diet IS a more relevant factor in suboptimal responses (G E Shaw Lancet 

J 345-546 1949) 

S C 


Sever* Anaesiia in Intiian Sepoys (Refractory Tropical Macrocytic Anaemia) R Passmore From 
fndun Medical Scrv ice Tr Ro> Soc Trop Med A.H>g 367-580 1949 

One hundred and twenty scvxn cas-s of s-verc sora-timcs fatal and frequent)) refractory anemia were 
observed among sepoys serving in Assam and Eastern B ngal Probable consribacory factors were in 
adequate railitar) hygiene recent malarial infection and malnutrition although evidence of these was 
not consuntly present Most of the blood examinations showed a macrocytic and either ortho or hypo- 
chromic aocinia The bone marrow showed an incicasc in red cell precursors and an apparent shift to 
earlier forms but no megaloblastic change The mortalit) was at least 58 p r cent Adequate diet control 
of infection and transfusions were the most efTectnc therapeutic measures but even with thes* recovery 
Was slow Eighteen of 56 patients given liver injections showed a respons* which was possibly actnb- 
nublc to the liver but the general impression was that the anemia was not strikingly influenced by 
hver or yeast extracts 

knowledge of the tropical macrocytic anemias is clearly far from complete This group of eases docs 
oot seem to conform to the anemia described by Wills The etiology is complex and the author suggests 
^at long-standing nutritional defects and repeated malarial infections antedating miiitar) service w'crc 
of prime ctiologic imponaocc 

SC 


Observations on Relapses in pERNiaoos Anemia E Jones C C Ttllmsn and W J Dark) From the 
Vanderbilt University Hospital Nashville Tcdd Ann Int Med 374~38o 1949 
Liver extract was discontinued on ix pauents with pernicious anemia Red count hemogrobm and 
(Ictcrminarions of fecal urobilinogen were made Rclapisc was defined as a fall in red count on two succcs 
sivc rncasurcraents to more than two standard deviations below the average red count of the patient s 
during neatraent Six of the ix patients failed to shov^ hematologic relapse over a period of twenty six 
^ twenty nine months Eight to eighteen months vverc required to produce relapse in these patients 
interest was the increase in urobilinogen above 350 Ehrlich umts in some eases when the red count fell 
to bcmccnx 5 and 3 5 million 

C A_F 


Ncidence oe the Blood Groups and the Secxetor Factor in Patients with Pernicious Anemia and 
tomach Carcinoma R P Ladenson S 0 Sebwart^ mnd A C Jt-y From the Hcmatolog) Laboratory 
ind the Hektoen Institute for Medical Research of the Cook County Hospiul and the Department of 
hnical Research of the Unncrsit) of Illinois Chicago Illinois Am J M Sc ^17 194^197 1949 
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This survey of the incidence of the blood groups CO A Aj B AB AjB A B M N hW 
and RHe negative) as well as the sccrctor and nonscerctor (gastric) attributes was undcrukco jo th 
attempt to dctcTrainc whether any relationship existed bcwcen them and pernicious anemia and stomac' 
carcinoma No relationship was found between pernicious anemia and the blood groups or Rh negann 
ness Patients with pernicious anemia secrete blood group specific substances in their siUia id the sjo 
proportion as normal individuals The percenuge of scerctors and nonsecrctors was approximately th 
same in pernicious anemia patients who showed gastric atrophy as it was in those isho had a Qomul 
gastnc mucosa Patients with carcinoma of the stomach show an approximately norratl distribaaonof 
blood groups and the sccrctor trait 

GX.C. 

The Treatment op Subacute Combined Degeneration op the Spinal Cord with Vitamin Bu T D 
Spits K E Stmt S Kjn'ttts and T Aramburtt From the Departraent of Nutrition and M ubolinn 
Northwestern Univcisity at Hillman Hospital Birmingham Alabama South M-J 1030-1031 
1548 

Three patients with perniaous anemia and acute neurologic manifestations of posterolateral sclcrcmi 
were treated with viurain Bn Typically l 5 micrograros of the material was given by injcaion every 
forty-cight hours for four injections In all patients there was a rapid subjective and objcciiiT impnnt- 
tnent beginning within two to five days after start of therapy 

SE 

Tentative Appraisal OP ViTASHN Bn AS A Therapeutic Agent T D Sftts R M^SuoTn^G G UfKj 
F Mslants K E Stfnt R L Toca T Arambitru andS Kartus From the Department of Nutnitooiod 
Metabolism Northwestern University at the Hillman Hoqjital Birmingham Alabama and at 
Calixto Garcia Hospital Habana Cuba and from School of Tropical Medicine Sanjuan PuttoRico 
JAMA/;; 1^49 

This clinical article reviews the effect of vitamin Bij m a gronp of patients with maaocync aocffija 
Four patients had nutruional macrocytic aocriua one had nontropical sprue 11 had uopial tpme aod 
5 had permaons anemia In addition 14 patients with known pernicious anemia who also had pwien)* 
lateral sclerosis were studied It was found that, in all cases the administration of vitamin BjtCpatcti 
tcrally) was followed by rapid subjective and objective improvement In the paaents with anemia there 
were inacasc in strength return of appetite cbmioation of parcsthcsiac of the tongue and improvttnrflt 
m the character of the stools (in sprue) Rcticulocytosis occurred and was followed by improrerKOt m th 
levels of red cells hemoglobin and leukocytes In the patients wth ncurokjgic lesions there waiaJkrJi 
cion of angling suffness and numbness and remission of neurologic signs 

Details of dosage and management with Bi arc noted to require mdiMdual raanagem nt in each par 
titular case 

SE 


Eppects OP Fouc Aod ON THE Anemia Induced DT X Irradiation S P Sltarnn From the Biolog) Divi 
Sion of the Argonne Nauona! Laboratory Chicago Illinois Proc Soc Exper Biol AM'd h 5 ^^ 

5^1 1948 ^ 4 th 

Pursuant to previous investigations Q Lab & CIm Med 1415 Abst 37) indicating 

lack of response to folic acid of the raicrocyuc anemia produced by the idnunistration of radioacn^ 
jtronnura the efficacy of this hcmopoicac pnnciplc was tested in white rats receiving th' appmr*>^^ 
median lethal dose of total body x irradution which is picsuroed to cause damage to viscera ^ ** 

bone marrow The results indicated that folic acid provided little or no stimulus to crychropoini u 

ing exposure to X radiation The authors conclude therefore that the resultant bone nurrov-dimig'^^ 

ainibuublc to direct injury and that irradiation damage to sisccra insolvcd m the claboraiioo 0 
ana prmciplc must hate played a rclatiscly uniraporunt role in the production p ^ 


Dietary Eptects on Anemia Plus HTPOPROTBiNEsnA in Doos F S Pthscbutt PtihnsanJG 
From the Department of Pathology the University of Rochester School of Medicine an 
Rochester New York j Exper Med ^9 339"3^8 1949 
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In order to Stud) the production of hemoglobin and pla^mi prot-m h) Nanou^sp ctfic food protein' 
dogs vrerc first depleted of hemoglobin and pla'ma proteins b\ frcqu'*nt blood rwmoval and a nonprotcin 
diet containing all other dicur) cs'^nttals 

I Some Proteins Further the Production of Hemoglobin and Others Plasma Protein Production 

Cpp 335-358) 

Although there nas a satisfacton production of total blood protein \Mth the sarious egg fractions 
fresh and processed fresh and processed meat fresh Iref heart and canned salmon muscle, certain quanti 
tativc and qualitatn*c differences u*etc noted In gen-ral a m*at diet produ cd a great r amount of n ss 
blood protein than did the se\ eral egg products Also on a meat diet the hemoglobin production grcatl) 
exceeded the plasma protein production sshercas the egg protein diets faxored the production of plasma 
protons More sp-cificall) the hemoglobin production \Mth fresh b-cf muscle uas three or four times that 
of plasma protein and the output of total blood protein xMth fresh or processed beef muscle tuicc that 
obtained with the egg diets Beef heart and almon muscle produced a pattern similar to beef muscle ex 
cept that the total blood protein output was less Processed egg albumin was the onl) egg product not 
well uoliz-d 

U The Findings with Milk Products Wheat and Peanut Flours as Compared with Lixer (pp 35^ 

368) 

Lixer xvas used as a control m these experiments as it gixcs maximum amounts of ncxxl) formed blood 
protein with a hemoglobin production of approximaicl> three times that of plasma protein Casein xxas 
found to compare favorabl) with lixcr and meat Lactalbumin xvas not as effective as casein but like the 
cggproteins it fax ored plasma protein production Peanut flour gave a poor response While the response 
to wheat gluten was better than that with peanut flour its uopalatablcncss presented difficulties in ex 
pcnmcnul control 

These txvo paper* arc an extension of previously reported studies on body and blood proteins Further 
work on this subject 1$ being earned oat with radioactive isotope to determine more accurately the ex 
change which can ukc place between body and arcalating proteins in protein-depleted dogs 

HBM 

The EmcTs or StruoNAMiDES on Amblystoma Emdryos with Pa»ticui^ii Retexence to Blood De 
■'^^lowhnt W JA. Ceftnbscn snd S K Vdwtler From the Department of Anatomy College of Phy 
sicians and Surgeons Columbia University, New York N Y J Exper Zool rep 139-1.37 1948 
Sulfonamides have been used successfully in reducing morulity rates following surgical proc^urcs on 
Amblystoma embryos Since some animals showed toxic effects the present investigation was undertaken 
to study the effect of different concentrations of sulfadiaanc and sulfanilamide on embryos at the blasnila 
gutrula and tail bud stage of development The ran^ of drug concentration m spnng water was o la 
to a.o per cent Anemia was more frequent and more pronounced m sulfanilamide treated animals Splenic 
‘icTclopmcnt was markedly suppressed Granulopoiesis in the subcapsular region of the liver xvas ap 
patently unaffected The anemia seemed to be a combination of aplastic and hcmolyuc types Because of 
the hematologic response of these animals they may be useful for testing the effects of other drugs 

OPJ 

Factoxx Tneluencino the Blood Picture of the Nbwbohn Studies on Sinus Blood on the First and 
Thud Days Q B DeM^rsb H L Ait and W F WtndU From the Department of Medicine and 
Anatomy Northwestern University Medical School and the Cook County Hospital Chicago 111 
Am J Dis Child 7/ 860-871 1948 

In order to determine the factois which may influence the blood picture m the newborn and which 
^vc mainly accounted for the present lack of standard blood values the author* studied the effects of 
clamping of the umbilical cord by heel punctures and blood volume determinations 
A //tf ijgg 1941 and Am J Dis Child 11x3 1941) and m the present report by observa 
tions on sinus blood 

The most important cause of vanation m blood values is the time of clamping of the cord after dc- 
clamping is delayed until the placenta has separated approximately 108 cc of placental 
of 1 cord clamping is added to the infant s circulation a rapid adjustment 

p asma xolotnc occurs, and the infant s blood volume is increased by the volume of these additional 
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red cells Significantly higher values for hemoglobin red cell count and hematoait ^vc^c obuiocd wba 
clamping was delayed For example the mean value of hemoglobin m sinus blood on the lint (by wu 
lo 6 Gm per cent compared to i6 4 Gm per cent when the cord \vzi damped immediately on (Llirny 
Other ^a^lablc factors were the source of blood G^lood levels were higher with capillary thin with 
sinus blood) and of less significance the time after birth at which the blood sample was tilwi 
That increased erythropoicsis is prolonged probably as a compensatory mechanism in the group 
pnved of the additional placental blood was indicated by a companson of the reticulocyte counts mai. 
on the third day in the two groups 

HBJsL 


ERYTHROCYTE FRAGILITY 


An IsimovED Method roa the Detection op Osmotic Abnormauties of Ertthrocttes M H Jj 
D R Stneart W J Brnen snJ L J Ksmmtlman From the Department of Physiolog) Unnenitycrf 
Pennsylvania School of Medicine Philade phia Pa Am J M Sc aiy 47-51 1949 
In order to avoid certain sources of error in the usual dinical fragility test with hypotonic salt solo 
tions as well as to shorten the time and reduce the number of soluaons required for a test an altcmaurc 
procedure is suggested in which a continuous hemolysis curv'c is obtained either with or without photo- 
graphic recording in a solution conuinmg a penetrating solute such as thiourea or glycerol 

Using this method the hemolysis curves arc similar to those obtained with hypotonic salt solatiofJ 
but small indi\idual p-^uliantics arc brought out 

GE.C 


Tkb Osmotic Resistance of Human Erythrocytes In Normal Carrier and Anemic States 
Spectal Reference TO Changes Dos TO Aoe Race Sickle<ell Anevoa MEcrrERRANEANCCoomi) 
Aneaua AND CoNOENtTAL Hemolytic Icteros B DtchUtn W E LanJmtsscr Jr W E I«f F H 
Wthm ami I J Wolrrum From the Children s Hospiul of Philadelphia and the D^paremecu of 
Pediatries and Physiology University of Pennsylvania School of M^icinc Philadelphia Pa Am- 
J M Sc a/7 53-6t 1^9 

Utilitidg a rcproduablc method photographic records of the hemolysis of er>Throcyccs from ip 
normal persons and 90 anemic individuals have been obtained In white subjects the osmotic rwutan:* 
of the erythrocytes m the o to 10 year age group was found to be greater than chat of nonnal aJolti- 
A comparable age difFcrcocc was not found in a limited number of Negroes The average osmotic re 
sistancc of the erythrocytes of the normal Negro was greater than that of the normal white m 

responding age group The crychrocyccs of children with sickle cell anemia svcrc more resistant than t . 

of normal Negro children The a\eragc for individuals with the sickle cell trait was between tbst 
sickle cell anemia and that for the normal but with considerable o\XTUpping m both dircctioos a 
both Mediterranean anemia and its carrier sutc the blood was markedly more resistant thin that 0 i 
normal controls the camci showing a resistance as great as that of the anemic individual 


The Tonicity Volume Relations por Syttems Containinq Human Red Cells and the 
Monovalent Cations E Bender From The Nassau Hospital Mincola Long IsUud N 

Physiol ya- 391-398 1949 onhatef 

It has been known that when red cells arc suspended in solutions of different lotuc compositi 
the same depression of the frccring point, chat there arc discrepancies m the relation , 

and solumc Chlorides of monovalent cations obtained from nso diifcrcnt sources 
o lya-M solution m water The sales used were LiCI NaCl KQ RbCl and CsO Red cc Idroca 

lie in LiCl and least fragile in NaCl The k losses in laCl were so small and slow ^ l^nrrofw’"- 

count for the increased fragility It has been pointed out that there arc differences in emo 2 
tions which arc isotonic with plasma Qpj 



ABSTRACTS 


SSi 


Trx TosnciTY \ olu^ie Relation's for Ht^fAS Red Cells St pjccted to the Actios or Hcst svitii 
Speoal Reitbesce TO PnoLvnc K Los^ f PcnJn From TTic Nassau Hospital Mirrola Loncj Island 
N J Gen Ph>sioI j *949 

Ic has been though: that heating red cells foi short p nod* h tsscen 49 ^ ^ 50 6 C had small cfTccc 

on the sss'clling \s hich occurs in hv potonic m*dia of different tonicit) Suspensions of washed r d cells in 
NaQ were heated for two minutes at 4S C and^-C and then allossxd to cool to 15 C After an hour at 
this temperature samples were obtained for the determination of cell solum* and the ettent of hemol 
>sis At 4S C heated and unheated cells h-hasc equal!) ss-cll as osmometers but ihos heated at 5^ C 
have an impaired abilit) to ssscll in hj’potonic solutions Heated cells I> s* in high*r tonicities than un 
heated ones Som* of thc<* findings mas be accounted for b) the large k loss-s and K Na cxchancc 

OPJ 


IMMUNOHEMATOLOGY AND TRANSFUSION 

An£mie Hemolytiqoe \rGLE ^rythroblastiqle Trls Tardive '^Verv Late Aclte Erstmroblastic 
Hemolytic Avemia ') Af K^iflan Af Btssis F B^rr^tttr P Dilthsl arj J C Catnt Arch Frar^ Ped 
/ No 6 194S 

The third child of a famih with an Rh n*gatn mother and Rh positive father was alTccr-d bi a hemo- 
lytic an*raia which did not app*ar until the s*v*nth we*k aft*r birth Antibodies wcr. found at the ex 
amioation X5 days after delivcrv i in sihne 1 S m albumin m*diumy The Coomb> i*st wa^ positive 
The second child had had a similar anemia wh*n h* was 6 we-hs old probably of th* sam- nature 
Between the first and the second pregnancy the mother received a transfusion w ith Rh positive blood 
'vhich may have increased her isoimmunintioo 

The child was fed with cow milk, and thus the mat*Tnal antibodies could not ha\ • b**n given bs any 
other route than the transplacental Ic is difhcult to decide whether the maternal antibodies fixed them 
selves on the infant red cells a long time after birth or whether they "ere fixed early and dcstiovcd the 
cells only after a long inrerval 

The very severe anemia of this thu-d child was treated w ith Rh positive transfusions which was be 
heved to be preferable to Rh negative blood since there were no more maternal antibodies in the infant s 
circulation at this time 

J PS 

Use of Blood Donors with PosmvE Serologic Te>t> for Syphilis with a Note on the Disappearan*ce 
OF Passively Transferred Reagin A 1 M Kmutch T W Farmer anJ B Davis From the D*partmcots 
of Surgery and Medicine the Johns Hopkins University and Hospital Balumorc Md J Clin In 
vesugationa/ 18-2.3 ^949 

Sixteen patients with negative serologic tests for syphilis were studied after receiving injections of 
plasma from blood donors with positive STS The period of storage before separation of plasma from the 
luetic donor bloods varied from one to ten days and the intervals between freezing and thawing of the 
plasma ranged from two weeks to two months In all instances a positive STS was acquired by the re- 
cipient the initial titer of which represented the dilution in the recipient s blood volume of the reagin 
contained m the injected plasma Reversion of the tests to negative occurred in all instances within a 
period of 10 days Ic 1$ concluded chat the blood of donors with syphilis should be acceptable for use in 
any blood bank with a plasma program inasmuch as infccnvity of the material is abolished by freezing 
or by storage for a minimum of four days in the refrigerator 

CP^ 

The Very Rare Rh Genotype R^r (CdE/cde) iv a Case of Erythroblastosis Foetaus C van Jen 
^sch From the Department of Pathology University of Lonvaic Belgium Nature London zCi 
7S1 1948 

In a case of erythroblastosis fetalis the mother s blood group was OMNP and the cells were aggluti 
nated by anti-C anti E but not bv anti D Her scrum conumed complete and incomplete anti D She 
^hus belonged to the very rare allchc combination CdEC^'icner s r^r) predicted by Fisher in 1944. 
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Detailed study of the family made it possible to identify CdE as an inhcntcd combioation on cc. 
chromosome This discovery bnngs additional support to Fisher s already very wcW founded theory 

SIC 


A Hbuolysin AssoaATED WITH THE Mumps Virus H K Merman J F BnJrrs and ? f Froa 

the Research Dimsiod of Infectious Diseases of the Children s Hospital Children s Medical Ceuta 
and the Thorndike Memonal Lahoratory Second and Fourth Medical Services (Harvard) Bnitoo 
Oty Hospital Harvard Medical School Boston Massachusetts J Exper Med U 503-514 154^ 
The observations made on an hemolysin found in the amniotic and allantoic fluids of chick crobrym 
infected with the virus of mumps arc presented Chicken sheep and human crythroc)Tes were all 
susccpuble to hemolysis although those of man were less affcacd 

It appears ewdent from the following observauons that this hcmolyuc actmey is due to a speolk 
product of the mumps virus (1) a similar hemolysin could not be demonstrated m normal egg fluids 
or in those infected with two strains of influenza virus and (z) the hemolysin could be inhibited by 
mumps convalescent sera from man and monkey but only slightly by normal monkc) scrum taken donrj 
the early stage of the disease m man 

The authors hat-c inferred from their study of the effect of heat temperature and time of locubation 
and of pH on the hemolysin that this hemolytic activity is not identical with the hcmaggloiiaatiTc 
property of the infected fluid That some as yet undefined relationship exists between these cxro faciori 
however, is indicated by the similanty of their behavior in rcipca to adsorpuon on and elution froa 
chicken red blood cells and their inhibition by specific immune scrum Attention is also drawn to 
the enzyme like behavior of the bcmoiy^io 

HBJ.I 

Genetic Transmission op Two Rare Blood Group Genes A S Wtnur Jewish Hospital Brooklyn 
N Y Nature London itfa. 735 1948 

This cote records the phenotype and genotypes of four families three of whom show transmimon 
of the gene R* and one of the extremely rare r^ 

STC 


Hemolttic Anezua AssoaATBD WITH Atypical Hbmaoolutinins fV J KMhns 0nJ F F 

the Etepartmenc of Medicine School of Mcdianc Johns Hopkins University and Baltimore Rh Typing 
Laboratory Baltimore Md Ann lot Med y# 408-413 1949 

A very intcresuog ease is reported showing intravascular thrombosis and atypical hanagglntiomi 
m high utcr In addition to cold hcmagglotination a warm hemagglutinin was demonstrated which 
reacted at 37 degrees svith the patient s cells and with 63 p*T cent of bloods compaublc for Aj Ai 0 

M N Rh and Hr The nature of these agglutiains and their possible role m hemolytic anemia and lotra 

vascular thromboses arc discussed m competent and interesting fiuhion 


Clthical UsEor fltjxjo I?ERivATtVES C A J^navay From the Dcpirtment of Pcdtzcncs Harvardh ica 
School and the Children s Medical Center Boston Massachusetts J A M A ijf ^ 

This survey of the field of blood denvauves summarizes the advances of therapeutic know! gf n 
these substances especially during the past ten years In brief the following points arc 

1 Blood Cells White cells and platelets can as yet not be satisfactonly separated and prcscrrrd^^ 

cells can Red cells resuspended in saline to a hcmatcKnt of 65 per cent constitute an ideal trcatc^r 
certain patients with anemia for (a) it is possible thus to suppl> more hemoglobin rsith less jr’ 

the circulation and (b) the removed plasma may be rcscn-cd for use for other paticnu ^ h h 

has been prepared from red cell fractions for possible use in tranraatic shock expen mental y its ^ 
oxygen-carrying capacity combined with its high osmotic activity make it thcorrtically exec ^ ^ 


shock treatment but actually the injection of pure hemoglobin is often followed by dcpfcs^ 

function so that Its clinical use has had to be cautious to the extreme G/#imitself may be p 

stitutc for plasma proteins oeeurrerec * * 

plasma Whole plasma is of course, used widely in the treatment of shock 
homologous scrara hepatitis after the administration of plasma hoss-escr hashes 
tics are presented as to the incidence of this disorder under s anous conditions single Irani 
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or smim (hepatitis rare) use of fraction I from pooled plasma (hepatitis in 10 per cent of subjects) use of 
pooled plasma or scrum (hepatitis in ^ to 7 per cent of recipients) Nfcihods of presenting this hepatitis 
are mentioned of these onl) stenliration of the plasma seems potcntiall) practicable The author sug 
gests the use of pooled plasma onl) if neither blood nor scrum albumin are a\ ailabic 

3 Plasma Fractions Dticmscd 2rc fttctcrj impartjnt in w^ulaficn (X\hnn, thrombin fnrinogcn anti 
hemophilic globulin) bIo9j ^reuf'tni ^lehuhni Jtstjst anttboJtts (j’immz globulin for measles hepatitis, 
mumps) indslbtfmin All these substances ha\c already found vsidespread clinical use for their particular 
qualities 

The article is not meant to be all inclusive but covers the salient material in a brief salient manner 

SE 


IRON METABOLISM 

Cheviical CuNiCAL AND Immunolooical Studils ON Tun Products or Human Plasma Fractionation 
XXXIX The Anesiia or IsrEcriON Studies on the Iron dindino Capacity op Serum G E Cart 
urtibtanJM M IVintrebe FromihcDepaftraentofMcdicinc,Univcrsicy of Utah School of Medicine 
Salt Lake City Utah J Clin Investigational 86-98 1949 

From deterraioations of the scrum iron concentrations and unsaturated iron binding capacity of scrum 
from which the total iron binding capacity and per cent of iron saturation of scrum were calculated, the 
authors conclude that the hypofcrrcmia accompanying infections is not the result of a reduction in the 
iron binding capacity of scrum but must depend upon some other factor The total iron binding capacity 
of scrum in 30 normal individuals averaged approximately 360 gamma per cent the iron binding protein 
being approximately 35 (±6) per cent saturated with iron In 13 patients with chronic infection m 1 
dogs with sterile abscesses and another with an acute infection the total iron binding capacity was sig 
nificaatly reduced but the reduction in scrum iron was proportionately greater, with the result that the 
per cent saturation was lowered 

Measurements of serum iron concentration following intravenous iron injecuons indicated that the 
concentranon pcaics were limited by the capacity of the scrum to bind iron, and when the total iron 
bmdmg capacity of the scrum was exceeded the unbound iron rapidly left the blood stream with the 
concomitant development of toxic symptoms The administration of mctal-combining globulin (fraction 
IV 7) to a. pauents with chronic infection resulted in a temporary increase to normal in the toul scrum 
iron bmdmg capacity Subsequent intravenous injections of iron resulted in a greater initial five minute 
nsc in the scrum iron concentration than had previously been noted but the rate of iron disappearance 
from the scrum was not significantly affected Moreover, the temporary artificial increase in iron binding 
capacity was not followed by a detectable mobilization of iron in the blood 

CPE 

Chemical Cunical and Immunological Studies on the Products or Human Plasma Fractionation 
XXXVill Serum Iron Transport Measurement of Iron Binding CAPAcrrY op Serum in Man 
C E KatboTulC A Ftneb From the Department of Medicine Harvard Medical School andthcMcdi 
cal Clinic Peter Bent Bngham Hospital Boston Mass J Clin Invcsagation iS 79-85 1949 
A protein constituent of plasma a beta i globulin with the capacity to bind metal irons particularly 
iron copper and zinc (Science 104. 340 1946) has been measured in normal and pathologic sera by these 
‘Others who performed concomitant measurements of the scrum iron concentranon and computed the 
ansaturated iron binding capaaty as well as toul iron binding capacity of these sera In a group of 30 
normal subjects the scrum iron concentration averaged 100 gamma iron bmdmg capacity zoo gamma and 
toul capaaty 300 gamma per 100 cc of scrum the circulaung iron bmdmg protein was on the average 
34 P^t cent saturated with iron 

In eases of iron dcfiacncy whereas the scrum iron concentration was lowered both the unsaturated 
iron binding capacity and the toul iron carrying capaaty of the scrum were elevated In the presence of 
cction not only the scrum iron but also the iron-bindmg capacity and toul capacity were reduced In 
bind^*^^ conditions with assoaaced hypoprotcmcraia there was a rcducoon in the iron 

ng capaaty of the scrum and no elevation of the latter was observed even when iron deficiency was 
»ddiuonaI complication No deviation horn the normal was found m pregnant women 
fract*' for scrum iron and pcrccnugc saturation of the iron binding protein were found in re 

00 anemia, pcmiaous anemia hemochromatosis tunsfusion hemosiderosis and liver disease 
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Humifi pUsma fricrion IV-7 binding iron in th- propcwiion of i ml p*fml ofprot in 
intravenously into n. individuals in tmounis of x 5-5 9 grams the inj ction iimn ranging fron jj t ’ 
30 minutes The injections which were without incid*nt were folloiv d by a ns* in semci iron rrhi fc 
reached a p-ak 1110x4 hours after injection and subsided over a period of i to 6 days weeing in as sr^ 
hemosidTo is and hemochromatosis in whom a more sustain'd elevation occurred 

The evidence indicated that the body iron 1$ corapl-icly protcin-bound « hich pnhaps erplims tJ- 
Jack of a physiologic mechanism for iron excretion Excepting in terminal hcmochroniatoiic patiecii 
jn whom some of the excessive scrum iron 1$ apparently bound to other proteins the serum iron n foxH 
exclusively in combination with the b'la 1 globulin designated as the iron binding protein (J On 
Investigation af 7} 1949) The elevations in iron binding protein ob^-rved in as^s of iron deficrenT car 
be responsible for the enhanced iron absorption in this condition but the relation of iron-binding apt itr 
to the facility and rate of iron absorption remains to b establish d Th* finding of in-r-as d iron saieri 
tion implying the co-cxistencc of bone marrov/ bio k iron excess and s'vcr. liv n dis iv frored of fzi 
value in the dificrcncial diagnosis of hcmcrbromatosis and simple cirrhosis 

CPE. 


A Study or Histochemical laos Uvino Trachii Methods t' M EnJtciU T Gtllmsn G Brt fer A T 
Nrrj F A CiMrkt snj E f/ AJamtk From the Pathology Laboratory Eaptimmul Biology i ^ 
Medicine Insutut*’ National Institutes of Health B ih^sda Md j Lib &:Clin // ^ ’ 


Combin'd hisrochcmicil radioautographic and tracer m-thods w-re us'd to study ih ab^orpticn 1 i 
distribution of single test meals of radioiron in guinea pigs rats and on- dog Th' iron d rnomtrat ^ 
histochcmically in the duridcnal mucosa the m's^nteric and cervical lymph nod s Ii -r and spl'^n v'l* 
derived largely from sources other than the single test m'a! This visibl' iron did not ondrrgo w I) d 
fined cyclic changes after a single test meal It accumulated o\ er a p*Tiod of days or weeks of cmt/c 
jnukc of a diet containing considerable iron It behaved more like storage iron than iron in masprt 
The \ isible granular iron in the duodenal epithelium exerted no d'monstrabb effect on th' arcoiirt 1 
lion absorb'd and it did not app-ar to b a morphologic expression of mucosal Werk Most of ib 
iron of the test m-al travers'd the duod-nal epithelium rapidly In on' dog it \ as transport'd fro'a tb 
intestine via the porcil vein <»nl) insignificant amounts b-ing found in the thoracic duct lytspb 7 b r- 
was no evidence to indicate that the rcticulo-endoihchal system participated directly id tb abwiptiw 
iron from the int itin or transport of the abw*rb'd iron from the iniestin' to the liver blood indoF 
organs and tissu's 

ghc 


POLYCYTHEMIA VERA 

Blood Oxygen Studies in Patients with PoLTcrTiicMM a^d Noxmal Subjects L P 

R L Dohi»n 0 ndj H hturtmr From the Div mon of Medical Physics and Division of M dicir 

vcrsiiv of California B-rkclcy Calif J Clin Investigation aJ 1949 ^ 

Determinations of the arienai bhKfd oxygen saturation v ere made in 74 individuals of v bon 4 
eases of poljcjthcmia vera The data prevented indicated that the degree of arterial oxygen siturat 
was within the limits of noimal in resting polycythemic subjects normal valu's b'lng found m ^ 
with hcmaiocniv as high as bi p-r cent The authors suggest that lovr oxygen iituraiion figure' ^* 7 ^^ ^ 
in the litciaturc ma) have been attributable to technical errors inherent in gasom'tric 
may have resulted from failure to conduct tests pompily after the blood sampl's wtc obum' ^ ^ 
cnorwouslv low oxygen saturation values may d'p-nd on the fact that inactive h mog o in ^ 

Chem jjt 563 1941) as well as carboxyhcraoglobin arc con ert'd in vitro to norma! rcaco c 
globin with resultant incrcas' in the apparent oxygen capacity 


LEUKOCYTES 

P«iHAi>vSfLEvicNi:UTiioPt.iiA M 1 it:ksanJT N Car,) from the D pjnm-ntol '■i ^ 

sity ofMirylind S-ho<,: of Mcd.c.n- ind College of PhyncunA jnd Surgeon* Brlt.no-c . 

4 , 9ii-yx5 IJI*! 
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This 1$ a case presentation of a 56)'carold woman ho at thcaf;cof 55 Jcn eloped fatigue followed by 
ODOs followed by furunculosis Examination rescaled hepatosplcnomcgal) There was a slight anemia 
but the striking finding in the blood was a leukopenia (i 100) with granuloc) topenia (19 p-r cent ncu 
trophils) The bone marrow was somewhat h>7»occlIular and was considered to show decreased 
number of granulocytes with a shift to the left Ultimarcl) spicnectom) was undertaken The spleen 
weighed i,xoo grams and showed congestion Following operation the white count rose to normal levels 
(eg 10700) with normal granuloc) tc counts (eg ^9 per cent) The blood count remained normal 
dunog the following two )cars when the patient died of pulmonar) atelectasis and apparent hepatic 
disease The liver at autopsy showed congesnon 

Unformnatcly meager data arc presented and the exact mechanisms of ncutnipcnia cannot casil) be 
interpreted It likcl) however that the ease is one of the generic hypcfspicnic neutropenia 

group relieved by splenectomy 

SE 

PaiMA*T Spi.e?jic NEtnuoreKiA A SpEcific Im)iCATiON Fo* Splevectomt L T Pal$tmh0 From the De- 
partment of Surger) Veterans Administration Hospital, Dcs Moines Iowa Ann Surg zap 

1949 

A paaent with a marked leukopenia (2^500 per cu mm ) marked splenomegaly without anemia or 
thrombocytopenia was splcocctomized with complete allevution of the leukopenia This patient was 
followed 56 days postoperaavely No spcafic pathology was found in the spleen The bone marrow as 
determined by sternal pnoccurc was cellular The author concludes that this was a ease of primar) splenic 
Qcutropcnia and that the disease results from splenic dysfunction as a result of selective destructive 
action of the rcaculo-endothclial cells of the spleen It is to be regretted that this pauenc vsas followed 
for such a short period of time 

GEC 

CsioNic Ctcucal Grakulopenia B B4frltni Proc Roy Soc Med 41 653-4 1948 

This note discusses the occurrence over a penod of twenty years of pcnodic ulceration of the mucous 
tnembranes in assoaaaon with leukopenia and neutropenia The patient a woman developed recurrent 
ulcers of the tongue mucosa of the check and skin of the angles of the m^futh approximately cv cry four 
weeks from the age of II on Dunng pregnancy at the a^ of 30 additional lesions at the vulva occurred 
At the age of 31 ulcers developed also at the lower leg and resisted healing 

Physical cxaminaaon except for the ulcerations and their scars was regularly negative Spleen liver 
and lymph nodes were not palpable The red cell count facmoglobin and sternal marrow punctures were 
The persistent abnormality was leukopenia which was due to neutropenia Typical counts 
tanged from a total white count of i 300 to 4 800 with granulocytes from 300 to 3 000 per cu mm 
(normally granulocytes range 3 000 to 6 000 per cu ram ) Treatment with liver hog s stomach mco- 
timcacid pyndoxm pcnmuclcoade nucleic acid yellow bone marrow extract and iron had no effects 
either on the blood count or the lesions 

The caology for this type of abnormalicy has never been explained The ulceraaons arc considered the 
result of lowered resistance doe to granuiocytopema Treatment is universally incffccmc (See H A 
Rcimann J A M A. jjtf 138^144 1948 ) 

SE 


GRAKimopEKiA B Borltn^ Proc Roy Soc Med 41 634-5 1948 
This ease report concerns chronic ncatropcnia associated with splenomegaly 10 a 17 year old girl 
esc abnormalities were first discovered at the age of 15 during the course of mvcsagacion of an acute 
^troentenns In the followmg six months she required hospitahzaaons for persistent and recurrent 
d T infections induding a severe bout of pneumonia The posinvc physical findings in 

i just palpable liver and an easily palpable spleen there was no lymphadenopathy Anemia was 
(R*B C I 54 million hcmoglobm 15 per cent) platelets were normal and the white count was 
y 8 3 with II per cent granulocytes) A bone marrow puncture was normal 
^ CCT blood transufsion and recovery from pneumonia the paucnc remamed in good health and dc- 
pc normally The spleen however conticued to increase steadily in size and the white count and 
adrcnal^*'^ ^ount were regularly low The question of splenectomy was tabled because of a oeganve 

Thiscasc ofeonrse isdiffcrcutfromthccydicncotropcma without anemia and without splenomegaly 
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dcKTibed by Barling (Proc Roy Soc Med 41 653-4 1348 see preceding abstract) and others and per 
haps corresponds better to splenic neutropenia or splenic neutropenia with anemia (Doan and Wisctnati 
Dameshek) in which splenectomy may be expected to give beneficial results 

SE 

Mechanisms or Ledkopenia with Intlammation An Additional Leukopenic PACroa Found in Aixa 
UNB Exudates V Mfnktn From Chase Foundation for Cancer Research Temple UniNxnity School 
of Medicine Philadelphia Pa Arch Path 46 145-158 1548 

Exudanve material withdrawn from the pleural cavities of dogs inject^ with turpentine arc onu*!/ 
alkaline and they contain an extractable leukocytosis promoting substance When this material is a! 
lowed to age for scwal months some of its properties change by becoming insoluble in isotonic silin. 
The leukocytosis-promoting substance is in the supernaunt while a leukopenic component is in the m 
soluble residue This leukopenic component dificrs from the one found m acid exudates by friQg in- 
activated by incomplete hydrolysis with tenth normal hydrochloric aad However it appears that both 
of these factors exist in combination in fresh exudates and therefore help to explain the mechanism of 
leukopenia with inflammauon 

OPJ 

Destin DBS Granulocytes Transfuses (Fate or Transtused Granulcx^ttes ) Btrrurrd Drofts Sing if 

570-574 1948 

A transfusion of 600 cc of myeloid leukemic blood containing 150 000 granulocytes by cubic railli 
meter was done in each of two rcapicnts affected with subacute hcmocytoblasuc and lymphoblastic 
fcukcmias 

In both the increase was very shore and the survival of the white cells \m under 30 minutes The 
blood examination shows in this initial period many forms of destruction Thus the cell s destruction 
seems to be lIlc^a^ascuU^ and not intracellular as has been said The lysed cells also'^isappear wy 
quickjy from the blood scream and this explains the difficulty encountered m observing the ^ccoocoon 
The toul white cell count was lower 2. hours and 14 hours after the transfusion that it was^More 
(31 500 against 50 000 in the first case 41 400 against 5 l 000 in the second tasc) This suggests that $om- 
of the white cells of the recipient arc destroyed m the first hours following transfusion 

These results arc to be compared w ith those of Minot and Isaacs (1915) who found a similar reduccoo 
of the injected white cells injecting lymphoid leukemic alls to a paucni with lymphosarcoma but in- 
jecting only 450 cc of blood containing 89 loo white cells per cubic millimttcr They found a 'cry iIigEit 
modification m the white count and they did not find any lysed cells 

Dreyfus s conclusions are that no subsDtuuvc effect is to be found for white cells 10 blood trawhi**”^ 
and that all increase in white cell count found after blood transfusion expresses only the rcgcneratioo 
capacity of the recipient 

A Macrophage Promotino-Factor (MPF) in tbb Blood of Rabbits. C M Fmertl W J*i*^f*^ 

M F On From the Department of Anatomy University of Texas Medical Branch Gaheitoa 
Texas Am J Anat 1-19 1949 ^ 

When embryonic chick spleen fragments were implanted it was observed that in tom- insunccs^^ 
turcs containing 2.5 per cent normal rabbit scrum would produce great numbers of phagocyTic cell* ^ 
ingested myelocyte debris Experiments were undertaken to determine the occurrence and nature 0 

macrophage promoting factor (MPF) Control hanging drop preparations were groiNTi m a meuf ) 

per cent fowl plasma 2.5 per cent embryonic jmcc and 15 per cent Tyrodc s soluuon In the test 
tions heterologous sera or resuspended fracuons of sera were substituted for the Tyrodc component 
cultures conuinmg MPF the area of outv\ andenng cells was markedly reduced m) clocytcs vrcrc 
the periphery and many macrophages wxrc at the peripheral rone This factor '%as not present i 
animals and it c\cn varied within a given animal ovxr a period of montlis Oddly enough 
present only in the spcacs knowm to have the Forssraan antigen Properties of the MPF arc 
labile and resists freezing-dry mg it 1$ insoluble in absolute alcohol or acetone but soluble in 
prccipiution in 1/3 saturated ammonium sulfate It docs not seem to be idchaca! with any o r 
in inflammatory exudates as reported by Mcnkm 


OPJ 
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BLOOD COAGULATION 

P«OTHJio%fBiN Cosv'ERUOs Factor or Dicumakol Plasma C A Otrtn^nJJ L BoUrruxn From the Divi 
sioQ of Expcnmcntal Medicine, Ma>o Foundation, Rochester Minnesota Proc Soc Exp r Diol 
&Mcd 67 X31-Z34 1948 

Data obtained from expenments on dicumarohxcd dogs suggests that the hemorrhagte diathesis pro 
dpccd b) dicumarol is attributable not alone to a disappearance of prothrombin but also to the loss of a 
factor, the function of sshich is to facifitatc the consersion of prothrombin to thrombin Variations in 
the concentration of this cons-cnion factor present in plasma serum, or serum pseudo-globulin may ex 
plain the familiar discrepancies in the results of one and two-stage methods of estimating prothrombin 
aaivicy It ma> also account for the therapeutic efficaej of scrum in the treatment of cattle with sweet 
clover disease, a phenomenon otherwise difficult to explain 

CPE 

Action de la Phentl Ivdane Dione sor le Tacx de la pRoriiROSfBiNr I Etude Experimentale sur 
LE Lapin J P Souher fnd J Ctte^uen II Utiusation en Cunique Humaine. (Emcr or Piienkx 
Indake Dione on Prothrombin Levels I Experimental Studies on the Rabbit II Use on Hu 
mans)/ Gsttitten anJ j P Snlier Rev Hemat j 180-195 1948 

In the first series of experiments using 16 rabbits the authors found that phenyl indane-dione (P I D ) 
had a very marked effect on prothrombm level Doses of 10 to 20 milligrams per kilo produced a decrease 
of prothrombin to a level of 30 to 40 per cent this effect being reached before the eighteenth hour There 
was no modificaaon of platelets clot rccraccion or fibrinogen Jc\el Higher dosage did not produce 
gre a ter hypopfothrotnbmcmia and the authors did not find any hemorrhages even ssjch a dosage ten 
times the standard dosage The lethal dose was well over 600 rag /kilo which gzve a sxry high safety 
tnaigin Histologic examinations of the labbits given vay high doses of P I D (under 400 rag /kilo) 
did not show histologic injuries 

The P I D was used m the prevenuon of thrombosis in 43 women after pregnancy In all these cases 
doses of 10 to io mg /kilo yielded a very constant decrease of prothrombin level The decrease began 
carhcf chan with dicumarol about the twelfth hour and the full effect was obtained between the twenty- 
fourth and the forty-eighth hour which is a 30 to 40 per cent level Rerum to a normal level was quite 
constant and 100 per cent prothrombin was reached by about the ninety-sixth hour 

This constancy in the chronology is very different from that observed with dicumarol Individual 
susceptibility to the drug seems also to be less important than in the ease of dicumarol 

In Leases chePID was given to patients with known thrombophlebitis (every 3 days 10 mg /kilo) 
This dose was cffccuvc in controlling the prothrombin level aroond 30 per cent The patients state was, 
in both cases favorably affected In the 41 cases where the drug was given prophylacucally no phlebitis 
was observed 

In contrast with these advantages the complete inactivity of vitamin Kj even in huge doses and even 
when given prior to the adrainistraaon of the P I D must be cmphasitcd But this fact is perhaps of 
minor importance since in no ease was heraorrhage or hypoprothrorabincmia of less than 10 per cent 
observed 

JPS 

LEUKOCYTES, LEUKEMIA AND LYMPHOMA 

La Plaimocytos* Cauc£reusb CLhb Plasma Celi, Rbaction or Cancer ) (r M^bslandh MaUtt Sang 
'J W 1348 

Myclocytosu coainophjlia megakatyotytosu are common bone nuuroir rcictioni in ease of car 
cinoma bone metastasis Erythroblastosis is most significant but plasmacytosis is according to the 
authors the prominent feature Rohr and Hegglin Nordenson and abose all Stdger discussed this tela 
non Marchal and Mallet found betssTen 3 and 6 per cent of plasmac) tes in mote than half the eases of 
carcinoma bone metastasis and often this moderate plasmacj^osis was useful to detect micromctastasis 
lost in the bone marross and e\-cn in some cases permitted discovery of a latent carcinoma of the Inng 
breast stomach or prostate The morphology of these plasmatytes is indisnngmshable from that of the 
plasma cells m multiple mjeloma The more or Jess deep basophilia of the cytoplasm the presence or 
absence of vacuoles or nuclei are the same, multinucleated cells ma) be found 
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When there arc only 4 to 6 per cent plasma cells in the bone nurrorr the histologic diffcrcnninoQ 
from myxloma is easy But it is possible to find more than to per cent of plasmacytcs in metastatic cancer 
and m 3 cases of prosutic carcinoma between 15 and 50 per cent of the cells were plasma cells In such 
eases differentiation from myeloma is \*cry dtfficalc if aggregates of neoplastic cells arc not present m the 
smear Moreover hypcrprotcmemia may be present (13 3 grams per cent in one of the ated cases) la 
sneh cases the possibility anscs that a true myeloma may exist complicanng the metastatic caranomi. 
In addition to ms olvcmeot of the bone marrow a plasmatytic reaction may be found in the liver and 
svas observed by the authors m a ease of metastatic caranoma of the stomach 

JP-S 


CiamHOSE Atrophique du Foie et MoKONucLiosE Intectieuse (Atroesic Gaanosis or the Livia Arm 
iNTEcnous Mononucleosu ) G Buhl Bull cc Mem Soc dcs H6p de Pans 513-317 Seance 8 Oa 
134S 

It is now well known that atrophic cirrhosis of the liver may follow infectious hcpautis and that 
hcpatias is a common feature of infectious mononucleosis but we had not found any dcscnpcioa of 
atrophic cirrhosis following lofccaous mononucleosis so this observation seemed interesting to ds. 

A 38 year old male was affected in February 1546 with ty'pical infectious mononucleosis (with adc 
nopathy enlarged spleen mononucleosis and a Pau land BunncI reaction posiuvc at a dilution of jii). 

Recovery was very slow, and in June jaundice appeared which lasted ten day’s and which reappeared in 
September The liver was now enlarged and ascites appeared Different hepatic tests were strongly patho- 
logic After aspiration of the asatic fluid the liver was no longer palpable 

After treatment with transfusions plasma methionine vitamin B and Patek diet the patient iin 
proved slowly and following seven months of this treatment was m good health 

This patient had never consumed any alcoholic beverage and the authors bchevc that the sncccssioo 
of mononncleosis and cirrhosis m this case was not a mere coincidence 

JPi 


The bfTEREELATioNVHtP or Hooocih s Disease AKD Other Ltmtoatic Tumors K F OurtranJB' C 
Brmbard From the Army Institute of Pathology Washington D C and the Laboratones of the 
Presbyterian Hospital m Philadelphia Am J M. Sc 216 1546 

The authors studied the histology of i 300 lymphoid tissues submitted to the Army Iniututc of Pa 
thology during the past war Of these 7oocases wcrcHodgkin sdiscasc ThcycmploycdthcJacLsofl Fart®' 
classification and distribution was 14 3 per cent paragranuloma 71 i per cent granuloma and ^ 
cent sarcoma The authors presented lUustrauons of alterations in histologic composition of lesion* an 
discussed their nature and frequency A virruaily complete alteration m histologic pattern of tumors was 
noted m 39 per cent of 158 autopsicd cases in which biopsies were available In 384 ofTOO eases there wer- 
a variety of histologic pictures in different areas 

While classification of ly mphoid tumors was useful chiefly from the standpoint of prognosis ^ 
increased thcrap-uric armaracntariam it is of particular importance to correlate the histologic 
with thcrapeuuc response It may be that the variable nature of the lesion is 10 part rcsponsi c or ' 
inconsisfnccs m response of this group of neoplasms /-it 
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Mvrho Di Ceolty B> G Maggiovi and A Ajccn*7i Rome Abnizzini Editorc 1948 Pp 168 

The miin pirt of this mono|;raph isdcxocetl to a detailed report of tuo severe cases of Coolc) s anemia 
Though the clinical and laborator) feaimes of the disease arc careful!) studied the authors were ap- 
parent!) primaril) interested in the anatamo pathologic findings that arc reported in great deuil 

The literature was searched particular!) for eases with special reference to the general anatamo- 
pathologic findings (11 cases) gross and microscopic findings of surgicallv removed spleens (15 cases) 
and anatamo-histo-pathologic findings of the hcait () cases) 

The pathogenetic views currcntl) held in thiscountr) arc b) and large accepted and confirmed by the 
authors Excessive hcmo])Sis is regarded as a constant factor the concept previous!) accepted in Italy, 
of the disease as a chronic ci) thremic myelosis is discarded in favor of a hemol) tic familial disease 
bone changes are regarded as secondai) to m)cloid 

This worL is pjnraaril) useful to those interested in the anaiamo-pathologic aspieccs of Gxiley $ 
disease 

Davide Limentani 

Hrrtditj tn Htrman and tis KelMticn taCjfncer By Aaoe \ idedaek London England H K Lewis 

and Co Ltd 1947 Translated from the Danish (Nyt Nordislc Forlag Arnold Duscic Copenhagen) 
Pp 171 plus 8 pp ref 

This book is the English translation of Danish research published in 1947 Of the 179 psages the first 
104 arc concerned with methods analysis and discussion Almost half of the report presents pedigree 
chins and ease histones of the families and individuals involved A bncf summary in Danish is me uded 
and a bibliography is appended 

The analysis of the data in this monograph is based on statistical methods which treat the dau on a 
pjopwlation 0 c distribution) basis Such treatment is both dcscriptivrc and evaluative and is effectively 
used on this material 

This study of leukemia in humans was begun in 1945 at the Univcisiry Institute of Pathologic Anatomy 
in Copenhagen Denmark Two hundred and nine individuals having leukemia were selected from hospi 
tal records available in greater Copenhagen and information was gathered on all immediate members of 
their families as well as uncles aunts and grandparents This Jcokcmic group was then matched as closely 
^ p)ossiblc by a comparable nonlcukcmic control gioup of loo individuals and the corresponding informa 
tion of their families 

Information gathered by interview was verified by examination of hospital records and death ccrtifi 
cates and it was found that the death certificates of 387 relatives of the leukemic probands showed that 
none of them had died of any of the diseases inquired about A similar examination of the death ccrtifi 
catesof3oo individuals of the control material who were not supposed to have died of cancer showed that 
four of them had in fact died of that disease Examination of the supposed cancer dugnoscs showed them 
to be correct in 91 pxr cent of the eases while of 687 poisons not stated to have died of cancer 58 por cent 
'vcrc so listed in the death certificates 

There wcic 17 leukemic pjrobands who had at least one other ease of leukemia in their family which 
could be verified while the families of the control material had only one r as e of leukemia This is a sig- 
nificantly higher incidence of leukemia in the p»ticnt material and cannot be attributed to chance The 
familial incidence of leukemia in this material is at least 8 i por cent 

The author believes that the hereditary factors oporating in leukemia arc common to all the different 
■varieties of the disease because the frequency of the varicucs of leukemia observed m 39 families was the 
Mmc as the incidence of the different varieties of leukemia among 310 nonsclcctcd pjaticnts 

A significant correlation was found to exist between siblings for age of onset of leukemia Since it is 
unlikely that two siblings would show the same disease at the same age by chance the concept of gcncac 
relationship is strongly supported The familial incidence which amounu to at least 8 per cent of all eases 
IS more than can be explained b) coincidence The demonstrated relation [of 8 per cent ^milixl inci 
Qcncc] must be supposed to be genetic 
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The most likely method of inhcnuncc is beUeved to be filling dominance but \% h-th r du to a single 
gene or to several (polym-na) 1$ left an op n question On the basis of the present data consisting of thu 
teen families from this study plus from the hieraturc the author believes that cxuachromosomil m 
hentance may be excluded Simple dominance and recessive inheritance arc also excluded uhil sex 
link-d and sex limited inheritance have not b cn demonstrated 

The intcstigation of a possible relationship between pernicious anemia and leukemia showed that m 
the 109 leukemic proband pedigrees there were 17 verified eases of pernicious anemia i c 8 per cent of 
the families In the control material pernicious anemia was found in only 6 of the 100 families ic jprr 
cent The relationship bctw'ccn leukemia and pernicious anemia may in Vidcback s opinion b. due to a 
hereditary disposition which leukemia and pernicious anemia may have m common with cancer No 
genetic relation between leukemia and other diseases of the blood forming organs was found 

The last section of this paper is dc\ oced to the consideration of the genetic relation between Icukcmu 
and cancer In the data of this study there were 319 cases of cancer (7 8^ cent) among 4041 rclaiis’ci of 
leukemic probands while there ^vcrc iiB eases (5 99 p^ cent) among 3641 relatives of the control group 
The incidence of cancer is about 3x per cent higher in the patient raatcnal than in the control group— a 
statistically significant difference The conclusion of this section, is that a relation docs exist between 
leukemia and cancer evident both in the greater frequency of cancer in relatives of leukemic inditiduih 
and also the frequent coexistence of cancer and Icnkcmia in the same patient Leukemia is thacforc be 
licvcd to be a malignant neoplasm of the blood and the hemopoietic apparatus 

This study is an attempt to answer problems on a factual basis Though conclusions ate f w the 
methods of the study and its objccuves arc worthy of high praise Probably few othci p oplc rccogniic 
as clearly as does the author that much more dau from unirap -achablc sources is necessary b^nre final 
conclusions can be reached Investigators of leukemia and cancer will find occasion to return to this work 
for It will serve as a uscfiil basis of comparison for their own dau 

I Lodwin 


St/hmKTosceptc MarpMoiy ej FraUplasm /mJ tts VrTtvmttvts By A Fafix Wyssumo New York EUenff 
PublishmgCo Inc 1948 Pp ^55 with 38 tables and 160 figs 

This monograph is the second cdiuon of Frey Wyssling s Subrmfcroskopischc Morphologic iLs 
Protoplasmas und seiner Denvate first published m 1938 Extensively revised and rc\vrittcii it has been 
excellently translated b> Prof J J Hermans and Mm M, Hollander 

The clear and exact st) Ic of this book makes it a pleasure to read and u should become familiar 10 »' 

c) tologists cell phj siologists and bio physicists as the best existing presentation of the subject irwiff 

act to the student who is unfamiliar with subraicroscopic phenomena as a key to a new world Enrn or 
the specialist, almost every page will be found to contain some piece of unfamiliar and interesting m 
formauon but the book is mote than a mine of material it is unusually cvocauvc of ideas for future m 
vcstigauon many of which will probably come to mind only after it has been read and laid down 
The first secuon, on the Fundamentals of Submicroscopic Morphology deals with the organizannn 
of sols and the structure of gels the second secnon deals with the fine structure of protoplasm ** 

nucleus chloroplast and the erythrocyte) and the last secuon deals with the fine-structure of the 

plasmicdcnvativcs (cellulose cutin chum fibroin keratin collag-n mysoin and lUrch grainsj 
IS a selected bibliography of o\ cr 700 references together with a subject and an author index 
figures base been introduced to illustrate the spatial arrangements of atoms, molecules and 
turcs discussed m the text this they do so clearly that it would be possible to become acqtuin 
the outlines of the subject bj studj ing the figures alone Posot* 


Erratum 

An unfortunate error m the preceding issue of Blood (June 1949)1 ng 

correspondence concerning revised hematologic nomenclature, g^'^cs a m ^ ^ 

impression Page 781, the first sentence following the references to Dr 

letter should read A subsequent letter received from Dr Jones indicates 
Downc) was unable to attend two of the last meetings of the that 

he docs not agree on all points \Mth the report (instead of * 

he was unable to attend ) 
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POSTSPl-ENECrOMY INCLUSION BODIES IN HYPOCHROMIC ANEMU 

infant wn (age 17 months) revealed 2 mild anemia with moderate anuocytosis The blood count wai 
Hcmoglobm 74 per cent R B C 3,640 000 W B C ii 8co— PMN Fil ii per cent, PMN Nonfil 35 pa 
cent, cosinophilcs i per cent lymphocytes 75 pier cent monocytes 5 per cent and myelocytes 1 per cent 
Fail Htsl0Tj 07 id System Fevsew The piast history and system review were noncontnbntoty except ics 
measles, chickcnjxix whooping cough and smallpox acquired in childhood 

Physical Exammatmu The physical cxaminatioa \vas essentially noncontnbutory except for tlight 
cardiomcgaly associated tvith a loud systobc apical, hemic murmur, a questionably palpable liver and 
a firm sharp-edged spleen felt 3 fingerbreadths below the lateral cosul margin 

Lahmsiory Data Hcmoglobm 45 pw cent R B C x,79o 000 W B C 5 lao C^th a normal diffcrcotul 
count) The erythrocytes revealed anisocytosis pioilalocytosis and achromia and the platelets wot 
said to be mereased Observaaons on the unne gastric conicnt and erythrocyte fragihty (Hamburger 
method) wtTt normal The Rose Bengal test (biliary excretion) and pbcnolsulphonphthalcm test vrtre 
within normal limits Roentgen cxaminatioo of the gastrointestinal tract and chest revealed no abnoc 
mall ties 

A diagnosis of chronic hypochromic micitx^cic anemia assoaated with splenomegaly (? first stage 
Banti s syndrome) was made and splenectomy was rccomiDcndcd 

Seemd Entry (9/ix/36-i/i9/37) 

Interval History The paaent wa- splcncctomixcd by his local physician and returned to work two weeks 
later He was asymptomatic until two weeks before the second entry at which time he complaioed of 
exertional dyspnea and noticed swelling and pam in hxs left thigh Within the next week, the pain and 
swelling mvolvcd the left leg and the right thigh Five days poor to the second hospital admission R 
suffered an attack of acute pleuritic pain m the right anterior chest The pain subsided gradoaJIy, red 
there was no hemoptysis 

Physical Bxamtnaitm The findings on physical exammauon were essentially the same as pftvioailf 
noted except for the presence of a well healed splenectomy scar and the signs of thrombopWebitis ifl 
both thighs and calves 

Labtraltry Data The hemoglobin varied from 11. to 60 per cent, the R B C from yx> 000 to 3 ccOirOoo 
and the W B C from it 000 to 40 000 with a terminal drop to 7 500 The morpholog) of the leukocyic' 
was always within normal bimts and thar differential counts revealed a slight increase in the pcrccnup 
of polymorphonuclear cells The platelet counts showed varutions of 500 000 to 1,900,000 A Pnec- 
Jones curve of the erythrocytes (fig 1) gave the following rcsnlu Mean erythrocyte diameter 
micra ±15 (50 per cent were below 7 o micra in sue and 35 6 per cent \vcrc 6 o micra or smaller). 
The erythrocytes revealed anisocytosis poikilocytosis and bypochromasia Twenty four to 67 per tent 
of the erythrocytes contained inclusion bodies (fig a) which gave a positive pcussian blue rcamoo 
(^vs v.as demonstrated by treating blood films with a mixture of equal paru of a per cent potamoa 
fcrrocyanidc and 2. per cent hydrochloric acid for twenty minutes, then washing and countcrsrammg wi 
safranm ) Frequent observations on the bleeding time and the erythrocyte fragility failed to revea 

abnormalities On occasion the coagulation umc (Lee and White) was slightly hastened Aclotrctra 

tion test showed the clot to be markedly rctraculc (i hour and 35 minutes for complete retracu > 
The urine was negauve for urobilinogen urobilin and bile on numerous occasions 

CeifTse tn Hespital Despite intensive supportive therapy, including numerous transfusions irgc 
of ferrous sulfate and large doses of liver extract (refined and crude) the pauent expired on Fcbniaiy 15 
1537 During his final hospiubzation the following complications were noted ^ 

1 On November i and on November 9 1936 the subject presented symptoms ruggesuve p'J 
monary infarct 

urobilmogco was o i mg per 100 cc The icteric index was 8 and the scrum bilirubin o 16 mg 
non of his peripheral blo^ smear and bone marrow (fig 3) revealed erythrocytic 
numbers of the erythrocytes and normoblasts These inclusions gave a posinvc 
clinical diagnosis was Anemia pnmar> idiopathic At death the aotopsj reveal 
petuDent findings CO Anemia profound primary ryp; (i) Posterior myocardial iMirct 
moral thrombosis and secondary cerebral and p^pheral artcnal emboli C}) Hcroosi 
spleen pancreas and abdominal lymph nodes (4) Fibrous thrombophlebitis of the t 
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— On Novtmber *5 he cipencnccd pain in the right tonsillar region Examination rescaled blanching 
of the superior J of the right tonsil and of both the anterior and posterior faucial pillars One ssceh later 
the left tonsillar region became similarly insolsed Thrombosis of the arterial supplj to the tonsillar 



30) IS 4-0 4 5 so 5 5 6.0 65 7J> 7.5 8.0 65 9 0 9 9 lOX) 


-2(7 -lC7 4lcr tZer 

Kio I — Price Jokes CtravE (Patient B W) Vertical axis indicates number of RBC horizontal 
axis indicates diameter of RBC 



Fio L— Microscopic Viesv or Siderocttes iv PERipraxAL Blood or Case Presented (Prussian 
Blue stain counterstained srith safranin X 650) Note small coccoid siderotic granules within the 
s^acrocytes 


«g.on svas suspected in both instances and this snspiaon was substannated sshen ssithin two sseeks 
iio7’^ demarcated and sloughed out without hemorrhage or ulcera 
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3 On December z6, thrombosis of the left ancc-cnbital vein was noted 

4. On January la 1937 he experienced about of paroxysmal lunculatfibnlJation which lasted ihrtt 

hours 



Fio 3 — (A) Microscopic view Wright s sum CX 650, enlarged approximatclf X 0 rcrcalint 
sidcrocytcs m the pcnphcral blood of our subject s maternal half brother (B) Microscopic new of hoe 
marrow of our subject s maternal half brother Note siderotic material within nonnoblast 

5 On January 15 edema of the left calf was noted which subsequently involved the entire 
citremit) and the adjacent abdominal wall to the level of the costal margin This was consider' to 
due to thrombosis of the left common iliac vein 

6 Before death the anemia became more marLcd and generalized anasarca appeared ^ 

Aatopsy FtfuJtnis A summary of the important features of the autopsy, which was performer 7 

C I-. Conner, follows 
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Anatomic Diagnosis 

A Hcmoljnc anemia with (i) Splcnoracgalj (stud) of surgical specimen), (1) hjpcrplastic bone 
marrow (3) Ijrmpb nodes showing minor cr) thropoicsis (4) hemochromatosis of li\er, pancreas, I) mph 
node and bone marrow (5) gcncralired edema (6) terminal heart failure 
B Chronic proliferative endarteritis pulmonar) and other arteries 
C Pulmonary and left iliac thrombosis 
D Infarcts of lungs and spleen (prc-opcrati\c speamen) 

Antemortem thromboses were found in the right auricle the distal end of the inascd splenic scin and 
in the left iliac vein svith an extension into the inferior \cna ca\a No thrombi were found in the mc^ 
tcnc vessels but two pulmonar) infarcts were present 

A spcaal note draws particular attention to the following All tissues of the bod) contain a great 
deal more liquid than normal While no definite edema is noted cxtemall) in the thigh for instance 
when the tissues here are cut through and manipulated a great deal of liquid can be expressed from 
them This 1$ true of other apparcotl) non*edcmatou$ tissue as well The whole body appears to be 
water logged The blood is quite liquid and watery and shows an obvious extreme anemia 
The microscopic examination of the hematopoietic system is as follows 

SpUev Sections of the spleen show a difTosc increase in pulp so that the splenic follicles arc 
widely separated from one another although the latter are not diminished in size The pulp is made 
up of crythroc)tes of all shapes showing remarkable poikilocyrosis and all degrees of degeneration 
and hemolysis There arc at the same umc many normoblasts present and a scattenng of m)c]oid 
cells There is no increase in hbrous tissue within the spleen but the capsule is somewhat thickened 
An infarct with beginning organization around the edges is present (Note The spleen weighed 790 
grams and two small accessory spleens were present The organ was dark red in color ) 

Lymph Several lymph nodes show edema without much other change others conuin a 
large amount of pigment in pbagocyuc cells within the sinusoids There is some increase m immature 
cells among the lymphocyte follicles outside of germinal centers Some of these having small black 
nuclei may be young crythroblasts 

Bene Mjnrew This is definitely hypcrplasuc with most of the young cells appearing to belong to 
the erythroblastic senes Other immature cells arc pircscnt in small numbers and there is the usual 
number of megakaryocytes There is also a great deal of pigment [chiefly hemosidcnnj scattered 
throughout 

In summary ‘The immediate cause of death is obviously the profound edema of the lungs and heart 
failure with edema of all tissues although the remarkable amount of liquid in the intcrsutial tissue 
cannot be due to heart failure alone This is undoubtedly doc to an anoxia assoaated with profound 
anemia and an increase in the hydrophilic nature of muscle and connective tissue proteins The under 
lying physiological change has apparently been an increase in hemolysis of red blood cells even though 
these arc not more fragile than normal The result has been anemia with erythropoietic acavity of the 
spleen and bone marrow and to a less extent lymph nodes Another effect has been the deposition of 
blood pigment in liver pancreas lymph node and bone marrow leading to a type of hcmochrotnatosis 
The ultimate etiological factors m all this arc not apparent There is also no explanation for the intimal 
prohfcrauon and thromboses of vessels noted 

Aided by Dr Stuart Lindsay (Department of Pathology), the sections were re- 
viewed using the Prussian blue and Gicmsa stains Since large amoimts of hemo- 
siderin m the cells and interstitial tissue of the reticulo-endothclial system gave the 
positive Prussian blue reaction, it was impossible to identify any granules which 
flight represent phagocytosed erythrocytic inclusions A moderate amount of non- 
staining brown pigment was also present Using the classification of Rath and 
Finch,® an abnormal amount (Grade IV) of hemosiderin was found in the sternal 
bone marrow 

The clinical and autopsy findings recorded above may be interpreted as follows 
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The results of the postmortem eiamination axe consistent with the diagnosis of 
hemolytic anemia, but this diagnosis is not compaublc with the clinical and 
laboratory data The data fit best m the diagnostic category of Hyptclmrmc, 
micncyttc anemia secondary to a congenital defect in the ability of the bemafoietic system ti 
utiliste iron To support this diagnosis the following points are worthy of emphasis 
(i) The absence of climcal or laboratory evidence of hemolysis (1) An anemia of 
long durauon, refractory to the usual therapeutic agents (3) The family history of 
a maternal half-brother who suffered from a similar type of lethal anemia (<}) The 
absence of reticulocytosis despite large doses of iron as well as the presence of a 
surfeit of iron in the tissues 

The widespread hemosiderosis may have been due in part to multiple trans 
fusions Rath and Finch* have demonstrated excessive amounts of hemosidenn in 
the bone marrows of patients who had received multiple transfusions A more 
reasonable explanation of the hemosiderosis in this case is that its deposition in the 
tissues is an expression of the inability to utilize iron despite its presence in adc 
quate amounts Wintrobc et al ' were able to produce, in swine fed a diet deficient 
in pyridoxine, a microcytic anemia which was associated with hypcrfcircmia, a 
normal icteric index and hemosiderosis of the spleen, liver, and bone marrow 
They believed that the anemia was due to faulty utilization of iron A similar 
mechanism may operate to produce anemia in the human subject 

Discussion 

I Definition of Inclusion Bodies 

In the broad sense, crythrocyuc inclusion bodies may be defined as mtracorpuscr 
lar structures having certain morphologic and tinctorial charactcrisucs Thedcfini 
non may be limited further by the recogniuon of two categoncs, false and true 
inclusions The former arc predominantly artefacts produced in the laborator) 
The true inclusion bodies arc structures which may be cither nuclear or cytoplamiic 
remnants, the products of normal metabolic processes, or the result of some aberia 
non in the metabolism of the various constituents within the erj throcyto 
Accordingly inclusion bodies may be classified as 

I Fjdsc Inclnsion Bcxiies of the Erythrocj^c 
A Those produced by faulty tcchmc 
1 Uaclcin cquipmcQt 
r, Uofiltcred scam 

B Those produced by jubjectmg blood films to certain chemical or physical agcflfi ** 

C Cabot s nngt (?)“ 

D Bacteria and parasites 
n True Inclusion Bodies of the Erythrocyte 
A, Nuclear or cytoplasmic remnants” 

I Howell Jolly bodies 
X. Diffuse basophilia 
3 Rcuculocyuc material 
B Those containing iron (sidcrocyccsy* 

1 An expression of faulty iron metabolism* * * 
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2 Due to toxins 

I Acquired hemolytic anemia ’ 

II Stippling found m lead poisoning* 

in Associated snth bacterial toxemias scserc bums or industrial soircnt poisoning^* 
b Due probabl) to a congenital defect in iron metabolism 

I Familial h>pochromic microc) tic anemia* 

II Familial hemol) tic icterus* ** 

III Anemia associated s\ith flexed tail and belly spot in mice** 

X. An cxprrssion of norroal iron catabolism 

a Sidcroc>*tes found in aging blood*^ 

3 Uncbssificd 

a^ Those found 10 assoaation with Banti $ s)ndromc and other hematologic disorders^ ** 

C Those found in toxic or deficicac> condiuoas 
I Hcini bodies of toxic irrcscrsible anemias'* '* 

I, Inclusion bodies of atabnne poisoning** 

3 Inclusion bodies found in p>ndoxioc deficiency* — may be sidcroc>tcs * 

False Incluston Bodies 

False inclusion bodies arc artefacts of the cr)T:hroc) re, animate or inanimate, 
which may at times assume certain dcfiniti\c patterns Rinehart'® " treated blood 
films with a murtutc of reduced phosphomoljbdic acid and cither potassium di- 
chromatc or phosphotungstic acid and was able to produce various well defined 
patterns of hemoglobin precipitation More rcccntlj , Schleicher’- has demonstrated 
that the Cabot s ring bodies are probably artefacts produced in the laboratory 
He concluded that they represented denatured protein configurations produced by 
subjecting the red blood corpuscle to hemolytic agents 
We have examined preparations of bone marrow and peripheral blood in numer- 
ous hematologic conditions and have encountered occasional single inclusion 
bodies Their significance remains m doubt, because they ma} be confused with 
spurious inclusion bodies produced by amorphous precipitate (a common occurrence 
with unclean cover-slips) or the precipitate from unfiltcred stain Frequently, 
artefacts arc encountered which are semircfractilc and which assume a bluish- 
purple appearance upon change of focus Therefore, it is stressed that predictable 
morphologic, chemical and tinctorial characteristics must be satisfied before an 
erythrocytic inclusion may be classified within the category of true inclusion 
bodies 

In some circumstances, microorganisms such as streptococci and staphylococci 
may become attached to the surface of the crj throcyte and give the appearance of 
an inclusion body on the other hand, other microorganisms, as the Bartonella and 
the Plasmodia of malaria, specifically enter the erythrocyte to produce inclusion 
bodies Finally, it is possible that the products of metabolic change induced by 
microorganisms or viruses may simulate inclusion bodies All such instances may 
be classified as examples of false inclusion bodies 

Frue Inclusion Bodies 

Enumerated among the true inclusion bodies of the erythrocyte are the HowcU- 
Joll> bod) (probably a nuclear remnant), the granules of diffuse basophilia, and 
the rcticulocy tic material (probably the basophilic remains of spongioplasm) ” 
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The nature of basophilic stippling in lead poisoning is still uncertain, althoogh 
studies by Case'* and MacFadiran and Davis’ indicate that the stippling is cau^ 
by iron-containing granules, thus mabng the stippled cell basically similar to the 
siderocytc 

True inclusion bodies not containing iron arc observed in the anemias sccondaty 
to such toxic agents as atabrin, crythrol-tctranitratc and sulfonamides Mmhett 
and Siegal” produced anemia and erythrocytic inclusions in tats, mice and hamsten 
by feeding them large doses of atabnn These inclusions stain blue with Wnght s 
stain, and give a negative reaction for iron ’ They were also noted within the 
lymphocytes — a phenomenon not observed in studies of iron-containing inclusions 

The Heinz-body characteristic of irreversible toxic anemia has been desnibed 
in the German literature Mote recently, Fertman and Doan” have reported the 
ease of an elderly man who had been taking crythrol tctranitratc and in whom 
there appeared a fatal refractory anemia charactenzed by erythrocytes containing 
Heinz bodies Figge” was able to reproduce Heinz bodies in 90 per cent of the 
erythrocytes of mice by feeding them a o 3 per cent solution of sulfanilamide in 
distilled water He concluded that the tendency of various sulfonamides to induce 
Heinz bodies paralleled their ability to produce hemolytic anemia The Heinz body 
is best seen in supravital preparations, docs not stain with Wnght s stain and 
gives a negative prussian blue reaction 

Wintrobc ct al * fed pigs a diet deficient in pyndoxme following which the 
animals developed a microcytic anemia The anemia was associated with a rise in 
serum iron concentration and hemosiderosis of the spleen, liver and bone marrow 
There was no associated rise in the icteric index As the anemia developed, the 
erythrocytes were found to harbor a moderately large bluc-staining granule r^ 
sembling a nuclear parade 

II The Problem of Iron Containing Inolujion Bodies 

The most important of the true inclusion bodies of the erythrocyte arc those 
which give a positive prussian blue reaction indicative of the presence of iron 
These cells were called sidcrocytes by Gruneberg,” who first described them in 
observations made on the anemia associated with the llcxed-tail and bdfy-spO' 
phenomenon of mice He found that the erythrocytes of these animals at birth con 
tamed large numbers of inclusion bodies As the animals matured, the anemia 
charactcnstic of the condition subsided, and there was a concomitant decrease m 
the number of sidcrocytes found in the peripheral circulation GrQncbcrg a so 
demonstrated that the fetuses of normal mice harbor siderocy tes which disappear 
shortly after birth, and he also observed sidcrocytes in the heart blood 0 a 
human fetus (14 weeks old), as well as in the blood of four premature an u 
term human fetuses (33 to 40 weeks old) ” , 

Pappcnhcimer, Thompson, Parker and Smith’ reported 3 cases of anemia 
splenomegaly, x of acquired hcmolvtic anemia and i an undcterminc ty^ 
anemia After splenectomy, examination of the peripheral blood of these su )c 
revealed large numbers of cry throcy tes containing inclusion bodies ^ ^ 

to define the nature of these, Pappcnhcimer ct al showed that the bodies ga 
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positive Prussian blue reaction when stained in blood smears as well as in sedi- 
mented laked blood The bodies were anisotropic, gave a negative Feulgcn reaction 
(for nucleic acid) and the iron the) contained was neither ferritin nor hemosiderin 
The inclusions were gram-negative, did not stain with hemato\jlin, did not con- 
tain alkaline phosphatase, nor did the) fix complement When a sample of hepari- 
nized blood was placed in a magnetic field, cr)’throc) tes containing the inclusion 
bodies became concentrated along the line of magnetic contact A significant num- 
ber of granules morphologicall) similar to those observed within the er) throcytes 
were noted in the reticulo-endothelial cells (Kupfler cells, histiocytes and splenic 
endothelial cells) of two subjects and in the third, they were encountered in small 
numbers within the splenic endothelial cells 
MacFadzean and Davis,’ stimulated by the work of Pappcnheimer,’ have pub- 
lished a comprehensive study and review of erythrocyte inclusion bodies, and 
emphasize their impiortancc in acquired hemolytic anemia They state that the 
inclusions arc most commonly coccoid granules varying in size from 05 to 1 o 
nucra in diameter and usually located in the periphery of the corpuscle Their form 
is frequently bacillary or tadpwlc-shapcd and occasionally they assume ame- 
boid, diploid and tetrad forms Should more than one body be found within the 
corpuscle (especially common following splenectomy), variation in size is the rule 
The granules may form a solid mass of material and leave only a thin nm of hemo- 
globin in the periphery of the erythrocyte Furthermore, they state that erythro- 
cytes which contain large numbers of inclusion bodies tend to be smaller than 
normal When viewed in unstained preparations, the inclusions appear as rcfractile 
colorless structures, when stained with the Lcishman, Wright, or Gicmsa prepara- 
tions, they stain a purplish-bluc although light blue and reddish-purple forms arc 
sometimes observed as well as rodlikc forms which stain alternately light and dark 
The most important characteristic of the inclusion body they describe is its positive 
reaction for iron 

MacFadzean and Davis examined the bone marrow of patients whose peripheral 
blood contained erythrocytic inclusion bodies and noted their presence only in 
those cells of the crythroid scries which were hcmoglobinizcd Gills showing 
minimal hcmoglobination were said to contain inclusions that were in close prox- 
imity to the nucleus, but as hcmoglobination increased, the granules gradually 
shifted toward the periphery, the position which they occupy m mature erythro- 
cytes Occasional!) granules idcnucal with those described within the red blood 
corpuscles were seen lying free in the marrow or within monocytes and reticulum 
cells, but not within any of the other varieties of leukocytes They also noted 
granules within the endothelial cells of the spleen 
MacFadzean and Davis described 7 cases of acquired hemolytic anemia, 6 of 
which had been splcncctomizcd Before splenectomy, the maximum sidcrocytc 
count was 11 per cent or less, and following splenectomy it varied from 16 to 88 
per cent These authors postulate that corpuscles containing inclusions arc de- 
fective cells rapidl) eliminated from the circulation by the rcticulo-cndothclial 
s>stcm, espcciall) that of the spleen In support of this hypothesis they present 
some interesting data Before splenectom) , they found inclusion bodies within a 
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large number of bone marrow normoblasts, and only small numbers of mclmion 
bodies within the erythrocytes of the peripheral blood In 4 patients who were 
examined after splenectomy, the number of affected corpuscles in the pcriphcnl 
blood was found to be mcrcased and more closely approached the number of 
affected normoblasts in the bone marrow They state, it is evident that the 
rise in the total red cell count, for a variable period after splenectom) , can be 
accounted for entirely by the increase in the absolute number of mclusion-conum- 
ing erythrocytes, since the number of unaffected cells showed little change 
Case” has investigated the occurrence of sidcrocytcs in blood of cats, dogs, and 
human beings, stored outside the body He found that siderocytcs appeared wth 
regularity as the stored blood aged, although certain agents modified the rapidity 
of their appearance Depressed temperatures, carbon monoxide and glucose in- 
hibited the rate of sidcrocy tc formation, whereas heat and hemolytic agents such as 
phenylhydraanc accelerated the process As siderocytes appeared, granules were 
seen to lie free in the plasma, and leukocytes, cspeaally macrocytes, phagocjtosed 
the siderotic matenal A normal human volunteer was given phcnylhydrazine 
following which the red blood cell count and hemoglobm content of the blood 
became decreased, and the blood and urinary sidcrocyte count rose With recovery 
and the associated appearance of young cells, the siderocytes disappeared Case 
concluded from these experiments that all erythrocytes go through a sidcrocyte 
stage during which they are susceptible to phagocytosis Furthermore, he states 
that siderocytes are probably old cells and that the siderotic material is catabolic 
iron He also is of the opinion that the siderotic granules he observed in the cry tbro- 
cytes were probably different from the granules described by Pappcnheimcr ’ 

In an examination of X79 blood samples from normal persons, Case" found a 
maximum sidcrocyte count of o 8 pier cent while MacFadzean and Davis’ failed to 
find any inclusions in 62. pcriphcr^ blood smears taken from normal individuals 
Case also demonstrated sidcrocytcs in hypiochromic rmcrocytic anemia, hemo- 
chromatosis, bacterial toxemias, severe bums, industnal solvent poisoning, lead 
poisoning, untreated pernicious anemia, sickle cell anemia and acholuric jaundice 
The author states that all of these conditions, except hemochromatosis, ift 
hemolytic processes and that the sidcrocyte levels follow the seventy of hemolysis 


rather closely 

The papers of MacFadzean and Davis’ and Pappcnheimcr ct al ’ stress the 1® 
portance of splenectomy as the factor which precipitates the appearance of cry t 
cytes contaimng inclusion bodies, and the former emphasize the ‘ 

greatest number of these cells arc found m subjects suffering from acquired^ 
lytic anemia who arc splcncctomized Doniach, Grunberg and Pearson a 
reported a case of Banti s syndrome in which the peripheral blood contain P 
per cent sidcrocytcs following splenectomy These investigators found i 
less sidcrocytcs in the pcnphcral blood after splenectomy in a case of thrombocy^^^ 
pcnic purpura, two cases of traumatic rupture of the spleen, and one case 0 ^ 

splenic anaemia Pappcnhcimer’ demonstrated granules similar to 
inclusion bodies in the splenic sinus endothelium of a majority of cases o t 
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cytopcnic purpura and rheumatic fc\ cr, and to a lesser extent in Banti s s\ndrome 
and hemohtic [aundicc 

Otto and Rezeh-’ report a ease of lethal anemia associated nith feser, spleno- 
megal}, leukopenia and thromboct topenia A moderate number of erjthrocitic 
inclusion bodies ssere obsersed preoperativeh in the peripheral blood, and the\ 
became markedh increased in number following splenectoms Although these in- 
clusions fitted the description of siderotic granules, the} belies ed them to be 
Bartonella bodies, despite the negatise results of extensise cultural and inoculation 
studies Home, Lederer, Kirkpatrick, and Le}s*' report a famih (diagnosis con- 
geniul hemol} tic disease) in which 6 members de\ eloped hemoh tic crises within a 
few das-s During the crises, mans of the cr} throc} tes were observed to contain in- 
clusions which the} believed were Howcll-Jollv bodies The inclusion bodies thev 
describe satisfv the morphologic characteristics for sidcroc} tic inclusions Unfor- 
tunatel}, the inclusions were not stained for iron b} cither Otto and Rezek or 
Home et al 

Examination of the peripheral blood of our subject revealed that 14 to 67 per cent 
of the cr} throev tes contained inclusion bodies (fig i) The inclusions stained 
purphsh-blue with Wright s stain, and after dccolorization and rcstaining gave a 
positive pmssian blue reaction Morphologicall} , the} were similar to those 
desenbed b} the authors mentioned above Although occasional cells were seen in 
which one granule onl} was visible, themajorit} contained multiple granules, and 
some cells contained five or more inclusions which formed a solid mass of matenal 
within the cell Most of the inclusions were coccoid, although other forms were 


occasional!} seen Examination of the bone marrow and penphcral blood of a ma- 
ternal half-brother (sec footnote, pp 89i-x) revealed inclusion bodies in both the 
normoblasts and cr} throq tes, the inclusions being similar m morphologv to those 
observed in the ci^uhroc} tes of our subject (fig 3) Unfortunatcl} , specimens of 
bone marrow before splcncctom} were not available for examination 
In summar} , the inclusion bodies demonstrated in the cr} throc} tes of our subject 
(and his maternal half-brother) and those described in the papers of Gruneberg,’ 
Case,'* 1 Pappcnheimcr et al and MacFadzcan and Davis,’ all gave a 


positive iron reaction This characteristic places them in the categorv of sidcro- 
oytes It seems likely that the sidcroc}tcs described by Case*' and found in agmg 
blood do not have the same fundamental significance as the inclusion bodies de- 
senbed bv other workers The relationship between the sidcroc^ucs which Grunc- 
found in fetal human blood and in the anemia of mice exhibiting the 
fiexcd-uil and bell} -spot phenomenon and those found in human disease processes 
Will have to await further clarification 


III The Significance of Heredity in Anemia 

fn regard to th. familial charactcnstic of the anemia observed in this instance, it 
would be advisable to emphasize the distinction between congenital and hcrcditar} 
Wcmias A congenital anemia may be defined as one existing at birth and acquired 
in utero The anemias of this t}'pe may be due to metabolic disturbances, nutritional 
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defects, or iso-immunizaaon phenomena An hereditary anemia may be defined « 
one due to a constitutional defect, transmitted from parent to offspnng Familial 
hemolytic iCTcrus, sickle cell anemia and Mediterranean anemia are examples of 
hereditary anemias The mechanism of their transmission has been rcccnti) 
clanfied 

Valentine and Neel® have demonstrated that Mediterranean anemia exists m two 
forms, one, thalasseima minor, a relatively benign disease characterized by mild 
anemia, ovalocytosis, target cells, the frequent occurrence of mild splenomcgal) 
and a good prognosis, the other, thalassemia major, is charactenzed by more 
prominent features and a poor prognosis These authors offer the hypothesis that 
thalassemia minor is due to heterozygosity for a factor which when homozygous 
results in thalassemia major 

The problem of ovalocytosis (elliptical erythrocytes) has been studied b) 
Wyandt, Bancroft and Winship'' and shown to be an hereditary trait more frequent 
in males than m females Although they consider the anomaly to be a benign mam 
festation, a more recent review*^ emphasizes the fact that occasionally ovaloc) tosis 
may be associated with anemia 

Haden‘ has reported two families in which he found 8 patients afflicted with 
congenital hemolytic anemia without spherocytosis The erythrocytes tended to be 
macrocytic and the fragility tests were within normal limits A prominent feature 
in one family was the high percentage of stippled cells Rundles and Falls^ have 
reported two families in which the male members, through several generations, 
showed hypochromic, microcytic anemia associated with deformed erythrocytes 
The females of these families appeared to transmit the disease None of them suffered 
from anemia, although many had splenomegaly and minor red cell deformities 
such as ovalocytosis A male subject of one of the families was splcnectomized 
because of severe anemia, and following the removal of the spleen, mclusion bodies 
similar to those described by Pappcnhcimer were noted within the erythrocytes 
They also report the case of a male unrelated to the two families, who was splcnecto- 
mized, following which 40 per cent of the corpuscles were noted to contain inclu 
Sion bodies The subject died one year later and the autopsy revealed diffuse 
hemochromatosis Rundles and Falls consider this type of anemia to be a sex linked 
abnormality, the female carrying the recessive or incompletely recessive gene 

In view of these data, it is probable that the subject of this report falls within the 
category of hereditary anemia described by Rundles and Falls The history 0 
anemia since childhood and the similar hematologic and clinical course of his 
maternal half-brother are offered as evidence for the assumption The mild anemia 
found in the infant son of our subject is somewhat out of line with the hy pothesis 
since his mother was hematologically normal However, this information shou 
not maternally affect the above conclusion 


IV The Relation of Fostoferatne Thrombo^tosts to Thrombosis 
A third most interesung feature of this case was the marked and persistent pos^ 
operative thrombocytosis (as high as 1,900,000), associated with clinica an 
pathologic ex idence of thrombophlebitis Rosenthal’^ and Ex ans ‘ x\ ere among 
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first to show that splcncctom) is frcqucntl) followed b) postoperatne thromboc)- 
tosis Furthermore, Diwbam, Earlam and E\ans'’ ha\c shown that any major 
operation, including childbirth and cspcciall) caesarean section, may be followed 
by a nsc in the platelet count which reaches a maximum about the tenth post- 
opcratisc day and subsequently declines toward normal Adams'’ confirmed the 
work of Dawbarn ct al in regard to postopcratisc thrombocy tophilia, and re- 
ported that 4 of 5 patients who exhibited postoperative platelet counts above 
i,oco,ooo did not ha\c clinical evidence of thrombosis The relationship between 
thrombocy tosis and sidcrocy tosis IS not within the domain of this paper, although 
they may bear a common relationship to the problem of thrombosis, a prominent 
feature of the ease given in this report as well as that of his maternal half brother 

Summary 

A case IS presented of familial, hypochromic, microcytic anemia, associated with 
the appearance of siderocytes in the peripheral blood following splenectomy The 
medical literature of the recent past focuses attention on the clinical recognition of 
mclusion bodies, but their origin and significance have not been completely 
clarified Rundles and Falls’ were the first to demonstrate them in hereditary hypo- 
chromic microcytic anemia, and in addition they have been shown to appear in 
acquired hemolytic anemia,* * Banti s syndrome,* lead poisoning,’ “ and in 
hemochromatosis, bacterial toxemias, industrial solvent poisoning, sickle cell 
anemia and acholuric jaundice *’ 

It IS probable that the anemia in the case under discussion may have been due to 
some defect in iron metabolism Neither the subject nor his maternal half-brother 
were demonstrated to have any objective evidence of hemolysis, and neither re- 
vealed reticulocytosis, despite intensive iron and liver therapy, a point in favor of 
poor utilization of iron Furthermore, marked hemosiderosis was an outstanding 
feature of both cases signifying that at least one form of storage iron was available 
but not utilized 

The significance of inclusion bodies within erythrocytes is discussed and a classi- 
fication of inclusion bodies is offered A final statement regarding the nature of iron 
granules within red cells must await further research When present within the 
erythrocytes of the peripheral blood or in the erythroid series of the bone marrow, 
they probably are the result of faulty iron metabolism either due to some inherent 
defect or secondary to the action of some noxious agent Their prognostic sig- 
nificance IS obscure, but this is probably related to the severity of the disease process 
of which they arc an expression 
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Table i 


Subject Nnra 
ber 

RBC 

Heb 

Hcl 

MCV 

MCH 

MCHC 

Retirt 

1 Normal Group 

8 

5 I 

14 T 

41- 5 


r8 

33 

* 5 

9 

5 5 

16 2. 

49 1 


19 

33 

8 

lO 

5 • 

15 3 

46 0 


31 

34 

fi 

58 

4 8 

14 I 

44 ^ 


’■9 

BH 

8 

87 

5 8 

16 0 

46 5 




' 3 

91 

5 5 

15 7 

44 0 
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1 6 

9^ 

4 9 

15 I 

44 0 

88 

31 


9 

93 

5 I 

15 8 

45 5 

88 




94 
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71 

WM 


■■ 

86 

rS 

■■ 
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mEm 



9« 

19 


43 
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96 

3° 

IB 


11 Irtn DcJUtnuy 


10 


7 4 

M 5 

99 

30 

3 ° 

>7 3 

5 


8 6 

xS I 

84 

x8 

33 

3 ’ 



8 7 

r8 3 
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33 

3 ’ 

X 1 



^ 3 

’•S 0 

V- 

18 

’5 

7 7 



8 5 

x8 7 

98 

19 

30 

5 3 



5 3 

M 4 

73 

16 

XI 
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■n 

13 7 

38 8 

94 

33 

35 

9 

86 


‘5 4 

47 5 

98 

S’- 

S’- 


83 


11 4 

38 3 

94 

S’- 

34 



IV Ktfrsdfry Anemia 
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3 74 
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1 1 0 

35 ’- 

94 

3° 
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33 

33 


66 

3 S’- 

S3 

17 4 

83 

x8 
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4 ’ 
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95 

3° 

3' 
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41 
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XO7 

34 
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6i 
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97 

33 
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81 
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■4 
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88 

18 

3’ 1 





VI Infation 





44 

5 ’ 

>4 9 

44 5- 

87 

19 

34 

J 1 

1 4 

57 
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33 
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iS 

4 53 
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39 3 1 

87 

1 18 

33 


i” 
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35 8 ' 

95 

3- 

3' 

■ 8 

4^ 
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■3 9 
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3- 
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1 • 
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Table i — CerlinsiJ 


•“■object Num i 
bef ’ 

1 

RBC 1 

Hpb 

Hct 1 

\ 

MC\ 1 

MCII 1 

MCHC j 

Retire 

VII Ilinfijttc An/niJ 

do 

97 

3 7 

! IL fi j 

1 

40 

19 

j 8 0 

51- 

I 1 

S 0 

1 M3! 

99 , 

}»• 1 

1 33 

3 8 

1 

) 3 ’- 1 

9 8 

Jt 0 , 

1 93 1 

1 19 1 

3 > 

7 0 

75 

I St 1 

5 8 

, »9 5 

1 108 1 

d’- 

50 

8 6 


1 99 i 

3 6 

1 JO 5 

) 106 

1 3 ^ 

34 

1 0 

VIII Trtntctous Arutnta 

da 

' 67 ! 

5 - 9 

9 

1 34 

■ ■ 

1 31 1 

4 

55 

1 48 1 

5 0 

16 -L 

109 


1 3 « 

r 0 

53 

1 3 14 

1 

' 30 1 

96 

BB 

1 33 

I I 


IX. Si^loTia 


x 8 1 

43 ; 

11 9 1 

38 8 1 

90 

l 8 

3* 

5 

5' 1 

3 49 1 

, to 5 1 

35 1 

100 

1 3t 1 

1 


64 

4 77 

13 Q 

4 a 

SB 



7 

80 (1C) 1 



4^ 1 

i 


1 
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3 3 , 

Bi 

Ban 

88 

1-7 

3J 

I 2 

I^B 

4 16 

BB 

bhb 

83 

x6 

31 

I 4 
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Distast 




tt 

1 3 35 

II 7 

35 5 1 
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35 j 

33 


34 

^ 5^ 

7 5 

15 8 

lOT. 

30 

M 

1 6 

6 

1 4 47 

13 3 

39 I 

87 

30 1 

34 

i ’ 7 

XJI Endocrmolo^ual Vistast 

54 

3 0 

a 8 

3‘ 
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a’- 

33 


^3 

! 3 54 

9 6 

1 30 5 

88 

a-7 

31- 

X 6 

35 

1 4 8 

14 I 

4»- 3 1 

88 

J-9 

33 

1 7 

33 

4 07 

“ 5 

35 9 1 

88 

18 

31- 

I I 

M 

3 a’- 

10 5 

3^ 9 

84 

a-7 

31- 

X I 

lx 

4 58 

'3 7 

1 43 5 i 

95 

30 

31 

1 0 


Xlll PoIycydKmta 


«3 

5 5 

14 8 

49 0 i 

88 

^7 

1 30 

1 0 

3 < 

7 Sr 

16 4 

58 1 1 

74 

XI 

z8 

I 5 


nTctil itico compounds suiwd for \ntrxvcoo\is mjccuon the preparation of blood samples for radioactivity 
measurement and the use of differential counters for the simnltancons mcasnrcnieot of Fc“ (by x-rays) 
and of Fc»’ (by bcu raj) have been described by Peacock et al • For most of the expenmeots Fc“ (half 
life four jears) svas used Various acidified sales were employed including feme cUonde femc-ammo- 
mum citrate and ferrous ammonium sulfate Carrier iron had been added to bnng the total iron content 
iniccted to o i and o 5 mg and each in|cciion contained approximatch one million counts per minute 
'' tar as could be determined these compounds sserc handled m identical fashion in the body when given 
intravenousls Oser a period of two to three weeks after rhe m)cction of tadioiron samples of venous 
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blood were obtained iQ the moroiDg the pati-nt was £a 5 tmg m most mstaoecs Hematologic srndicswa* 
done according to the following methods Hematoent detenmnaaons were performed id UTntrobc tabes 
with ccntrifaganon for one honr at 3 000 r p m (Intcrpanonal Ccntnfqgc Sire I Tjpe C) hetuogloba 
was determined m daplicatc by the oxyhemoglobin method on an Evelyn colonmetcr’ red counts wtr 
done m duplicate pipcts and were repeated if they did not chccL within 5 per cent Reticulocyte counts 
were done according to the method of Osgood and Wilhelm Cell constants were determmed icJ 
renculocyte counts we re performed at least twice during the study of each panent In all panents whose 
blood picture was stabilized during the period of study the hgurcs were averaged m table i for the utc 
of brevity In the others blood values at the initiaaon of the study are recorded * Bilirubin detcrminj 
taons were made according to the method of Evelyn and Malloy Blood volumes were determined by the 
method of Gibson and Evans “ Four to six samples of blood were drawn between ten to thirty micacs 
after mjecnon of the dye and read in the Evelyn photo-elcctnc microcolonniccer The orculaang red cell 
volume was taken as 85 per cent of the cell volume calculated from the plasma volume and venous bcnii 
toent ** The radioacavicy present in the blood stream which was solely mtraccUalar after the fint dir 
was expressed as per cent utilizaaon of the total quantity given according to the fonnoli Per cent 
p« red ctUs) X (red volume) gmcc a dJaaon of the mm 

Total cooDts/mmacc ui;cctctl 

tvai run with the samples ohtaincd from the paaent decay m radioactivity and vananon m coanofl| 
efSaency were antomancally cotrected 

Expemmental Data 

I NonTtal subjects (Nos S, p, so, jS, 8j, pi, pj, pj) 

Nine normal male volunteers between the ages of 24 and 30 were used as sub- 
jects None had recently given blood, or suffered any other blood loss Blow 
volumes were determined at the begtnmng and m five instances at the end of t e 
evpcnmental period Hematologic data arc recorded in table 1 Utilizanon 0 
intravenously injected radioiron is recorded in figure i Over a penod of fift«° 
eighteen days, 8 of these subjects showed a uuLization of between 6S and 83 
cent, averaging 74 jxr cent f 

Three subjects (yi, 42^ 43) with miscellaneous diseases not expected to alter iron 
metabolism were studied in a similar manner These included a 59 year old 
diabetic (71) recovenng from mild diabetic aadosis, a 53 year old male wit 
typical myocardial infarction (42.) but without any fever or evidence of cart 
failure dunng the penod of study, and a 71 year old asthmatic (93) 10 
distress Their utilizauon curves shown in figure 2. were similar to the compontc 
curve of normal subjects 

n Iron Depaenty and Blood Loss Anemia (j, 7, xp, 20, 24, 2S') 

Six patients with acute or chronic blood loss were given radioiron (Fc ) 
venousU The patients represented varying degrees of iron deficiency as showTi^^^ 
table I bv their degree of microcytosis and hypochromia Slight increases in 
cell size found in acute blood loss axe undoubtcdlj' due to the 
\oungcr cells which arc larger Some patients had continued bleeding, some 

In chc re p nnes of this zmcl; chxra am lacludnd portraving the clmical cours- of th** ^ i 
similar to tht>>c shosvn in Bgurry a corrclauou of the clinical factors affecting crythr 

th- utilization cun-c was thought to be important space did not p*nnic its inclusion in j 

t Subfcct ^3 was excluded because of his vananon from the oth-^ and fr^ause of th" * ^ 
de-Tca-ved amount of uou binding protein in his semm 



nNcn, oinsoN, peacock, and fluiiarty 
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given iron therapy, some showed limited red cell producuon due to iron lad, 
while in others red cell regeneration was rapid Patients 7, 19 and 16 showed 1 fall 
in the utilization curve during the second week This may be related to changes m 
the total blood volume, since onlj an initial blood volume dctcnnination was 
made and subsequent changes in cell mass were calculated from the hematoent 



It might also be explained by continued blood loss All patients, however, sho 
a rapid uulization of the injected radio-iron (fig 3) 


in Hemochromatosis (J}, S 6 , loS^ 

Three patients with hemochromatosis confirmed by liver biops) * Uool 
While X patients had slight anemia and microcytosis, patient 86 had norma 
sallies (Table i) The radioiron utilization curve of all patients was epr 
(fig 4) in the presence of fairly normal red cell production 


Refractoij, Aplastic, and Myelophthisic Anemia (//, 14, tftf) 

Three different tj-pcs of bone marrow d)sfunction were studied 
XI. )ear old ssoman with refractor) anemia and a h)'perplastic bone 
Patient 14, had acute disseminated lupus er) thcmatosis with an aplastic m 
at post mortem examination and Patient 66, had extensive l)rophc'sar 
insohementof the bone marrow In these cases onl) small amountsofra 
appeared in the peripheral blood (Fig 5) 
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V Lrmia Q, if, 41, Cz') 

The five eases of renal disease included one patient nth acute gloincniloa*plinns 
C^9)» ^ patients with lower nephron damage (^41, 61.) and 2. with chronic nqilmns 
without edema ([15, 4) In Panents 4, 15, and 41 blood transfusions had preocnilr 
been given All showed some degree of anemia (table i]), thought to he due to 
uremic state, except for 41, where severe hemolysis had res^ted in both ttcil 
damage and anemia Utilization curves (fig 0 were all depressed below normal 



Fig S 


VI Infection (17, 18, ap, 44, 48, s7, 69) 

Eight patients with infection of viral, bacterial, and protozoal etiolog} 
studied These infections were of variable duranon 44, 57, 2.7, 
than two weeks duration 69 and 46 of about one month, and the two patieo 
with subacute bacterial endocarditis (18 and 47) of several months duranon 
In figure 7 are shown the clinical course of a patient with a mild viral pneum^ 
and a patient wnth severe pneumococcal pneumonia Iron utilization curves, s 
in Figures 8 and 9 are eitrcmclj dejiressed in the scverch ill patients 

TTI Hemolytic Anemia (a, 5, 7^, ^0, 77) 

One patient with sickle cell anemia (1), one with congenital hcmol'nn ^ ^ ^ 
(3) and three with acquired hemoljtic anemia were studied Several o 
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patients had been rcpcatedl) transfused before the radioiron s%as injected (75), or 
were gisen blood during the period of stud) (40, 52.) In only the patient with 
sickle cell anemia was there no blood administration All cases showed a rapid 
initial rate of utilization and maximum Aalues were obtained in three to five days 
(fig 10) Ho\\c\er, the total amount in circulation was %cr) low The utilization 
curve of Patient 3 was repeated one )ear after her hemolytic episode at a time when 
her peripheral blood picture was normal (fig it) In the interim she had lost no 
blood other than the normal amount through menstruation The only difference 
between the two utilization curves might be assumed to be the state of severe 
hemol)sis during the first stud) 


HEMOLYTIC ANEMIA 



Vni Pemtc:ous Anemia (^p, 33, sf) 

Three patients with pernicious anemia were studied during a period of active 
blood production following liver therapy (fig la.) In 33 and 55, the radioiron 
was given before liver therapy was effective, and the utilization retarded In Case 
49 i however, iron administered several days after liver therapy was utihzcd rapidly 
And an early plateau was reached 

IX Malaria Q2S, si, 64, So) 

Radioiron utilization for hemoglobin synthesis was followed in 4 patients with 
paresis during a course of therapeutic malaria (plasmodium vivax) In figure 13, 
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the dotted line represents periods of feser It will be observed that the utilization of 
radioiron was markedh depressed during the malarial paro\)sms and that in one 
instance the lesel of radioactiMt) fell (51) A fall in hematocrit also occurred in 
these patients during the active infection 

X M/ilignanc) /tf) 

Patient 45 was a 65 )car old woman with probable adenocarcinoma of the 
left kidney and metastases to the right femur Patient 56 was a 41 year old man 



with a bronchogenic carcinoma, confirmed at autopsy Both patients were afebrile 
and had no blood loss Utilization curves were depressed (fig 14) 

XI Endocrine disease (25, a/, };, S4) 

Four patients with typical Addison s disease with a mild normocytic anemia 
were studied and utilization curves (fig 15) were found to be within normal range 
A patient with postoperative myxedema (rz) with a basal metabolism of —31 
also approximated normal utilization However, patient 54, a 58 year old woman 
with anterior pituitary hypofunction showed a definite decrease m radioiron 
utilization (fig 16) 

XII M.tscellaneous (tf, 12, ^4, }i, 6f) 

A zy year old girl with mild acute infectious hepatitis (6) showed normal 
utilization A patient with Laennec s cirrhosis and obstructive jaundice (iz) and 
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Patient 34, a 51 year old woman with toxic cirrhosis both showed utilization of 
40-45 per cent at the end of eighteen dajs 

A patient with polycythemia vera (31) who had been treated for two years by 
phlebotomies showed a rapid utilization to 90 per cent within the fust week, while 
a patient with chronic congestive failure and secondar) polycythemia (63), showed 
a normal utilization of iron for hemoglobin production 
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Discussion 

The preceding data represents the utilization of injected radioiron for hemo- 
globin production in man Problems which are raised in this type of study mclude 
(1) the irradiation hazard of the isotope injected, particularly since it is not 
excreted from the body, (1) the exchange rate between hemoglobin iron and other 
body iron, (3) the nature of the utilization curve including the pathway taken 
hy injected iron and factors influencing its synthesis into hemoglobin, (4) the 
interpretation of the utilizauon curve in the various pathological states mvesti- 
gated 

^^tdation HaX/ird 

An approximation of the radiation produced by the injected iron can be made 
The normal adult has a bone marrow space ranging from 1,600 to 3,700 cc aver- 
aging i,6oo cc 11 It is likely that only about one-half of this marrow is active in the 
sense that it is engaged in the formation of erythrocytes and leukocytes Only 
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about onc-fifth of the active marrow space is concerned with crythropoicsis, tht 
other four-fifths producing white cells in the myeloid series 
Usmg these values, however approximate, one may estimate the radioiton of 
the bone marrow or an) fraction thereof, in an mdividnal receivmg one nulhoa 
counts per minute, of radioactive iron Our normal build-up curves show alicrat 
75 per cent localization of the injected activit) within the red cell mass Therefore, 
i) per cent or z 5 x 10* will be found in the fixed ussues This amount wiE be coo 
tamed in liver, spleen, and bone marrow for the most part Let us assume that ill 
of this activity is distributed evenly within the bone marrow In the case of Fe“, 
the counter efficiency is o o}, according to Peacock et al * Therefore, 


(0 


1-5 X 10* 


o 03 


8 3 X 10 * disinccgfznons minute in the vpholc bone marrow?' 

Divided bj weight of marrow in grams 

r \ 8 3 X 10* a 

Cl) -= 3 X X 10’ or 

1. 6 X 

C3) 3 1. X lo* X 5 9 X 10* =* I 88 X 10’ cv/Gm /mm or 

C^) I 88 X 10^ X I 44 Xici* ■= X 71 X 10^® cv/Gro /dxy or 


Cs) 


X.71 X 10" 


I o 0005 to-ntgen$ equivalent physical per day for Fc“ 


51 X to” 

if all the activity m active marrow o 001 r.p/day and if all activity m erythropoietic areas “ oanj 
rep/day 

Similarly the counter efficiency for Fc®’ is o 15 Therefore 


0 ) 


a-5 X lo* 
'o~5 ' 


t o X io‘ dis /nun in whole nwtow 


Dividing by weight of marrow in grams 
1 o X io‘ 


W 

0) 

(4) 

, - 6 64 X ro-” 

C5J r; r =■ ° 001 

51 X tot- 

areas o 013 rep/day 


3 85 X ted dis /Gra/min Or 


a 6 X to* 

3 85 X to* X o ti X to' ev •= 4 6t X to’ cv/Gm /nun or 

4 61 X to’ X I 44 X to’ ■■ 6 64 X to'° cv/Gm /day or 

3 roentgens cqaivaJcnt physical pj" day for Fc** if all activity m crythropoic 


The above data mdicate the upper level of activity in bone marrow due to 
circulating radioiron Since it is known that much of the activity is stored in t^e 
liver and spleen, and if an even distribution is assumed in all three organs, 
calculated bone marrow radiation dose given above for red cell forming marrow 
should be multiplied by o 13 

It, therefore, seems probable that the radiation due to extracirculating 
in those fixed ussues contaimng the highest activity will not exceed o 000 r/ 
for Fe'*, and o oox rep/day for Fc*’ in the normal adult male injected wit 
million counts per minute The tissue irradiation is, therefore, calcuiat t 
from 1/ 50th CFc'*) to t/rooth (Fc**) of the maximum permissablc dose ofo i r 
rep) per day 

The amounts of iron injected in these experiments represent 
thousandth of the total bod) iron and after injection raised the scrum iron css 
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107/100CC Thus the radioiron ma\ be regarded as a true tracer dose of iron which 
would enter into the normal bod) iron turno\cr without altering it in anyway 

Exthangc of Hemoglobin and Tissue Iron 

Iron gams access to the red cell only in its dcselopmental stage, to be synthesized 
into hemoglobin Studies with reticulocytes have shown an active uptake of 
radioiron by these cells in Mtro When mature erythrocytes are incubated with 
radioiron, no uptake occurs When radioiron is injected into patients with little 
or no bone marrow function, little or no radioactivity appears in the red cell mass 
Once incorporated in the cell, the iron remains fixed there until the cell is de- 
stroyed In patients with large iron reserves it is possible to determine the life span 
of transfused tagged cells, since the iron liberated from senescent erythrocytes is 
diluted by the large reserve stores and only a small portion is reutilized Free 
exchange of iron does not occur, therefore, between erythrocytes and plasma or 
tissues 

Hature of the Utilization Curve 

The amount of radioactivity entering the circulation over a period of fifteen 
to twenty days is a composite of three interdependent parts of iron metabolism 
the serum iron transport mechanism, the size and availability of iron stores, and 
bone marrow function 

Within ten minutes after injection, one-third to one-fourth of the radioactivity 
has disappeared from circulation and the remainder clears exponentially from the 
scrum, 50 per cent in about one and one-half hours “ This latter fraction is bound 
in the plasma to a Bi globulin which functions as a transport protein for iron 
The amount of injected radioiron initially bound to this protein is fairly constant, 
unless the protein is already saturated with iron 

Much of the radioiron may be found in the liver within a few hours after injec- 
tion Granick and Hahn have found this to be in the form of femtm iron which 
probably represents the more labile form of storage iron The radioiron is then 
rapidly rerouted to the bone marrow for hemoglobm production About half of the 
total utilization of radioiron for hemoglobin production occurs over a period of 
z- z days Assuming that this radioiron was first mixed with tissue stores and then 
earned to the bone marrow, we may calculate the reserve iron to be about 100 mg 
Storage iron in man is considerably greater than this, therefore, radioiron can not 
completely mix with iron in storage This has led to the postulation of a very small 
labile iron reserve * It seems more in harmony with our observations to think of 
this not as a special form of storage iron, but to postulate that the iron has fallen 
on the topsod of iron stores which would be more labile from a ph-y sical stand- 
point as suggested by Dubach, Moore, and Minnick ’’ 

Red cell hfe span has been established in man at about tuo days Therefoie o 83 per cent of blood 15 
broLen down and rebuilt each day In a blood volume of 5 000 cc containing about a.500 mg of iron this 
amounu to XI mg of iron If radioiron labels a small acuve compartment 50 per cent of which tnms over 
veety x,i days the compartment sue to the first approximauon would be 5X mg 
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m Ac mcorporauon of the rad.oif^n mto a7S 2?°’'“' ^ 

IS approximately exponentSTn eWem^W^^ production m notmal snb)cctj 

^labTetp'TalTdro: ^ Ac JllXTm ^ 

logic states This is at least ti ° II P^rod, considerably greater m certain patho- 
cyts in vitro wiVLt 'r by Ae observauon that Zailo. 

in the circulation and Ac cclkT*™*i presumed Aat Ac rcuculocytes 

radioiron immcdiatclv after its marrow would begm to assimilate 

IS derived from the nnm i jcction In addition, the composite normal curve 
effect whiA in part cxola'ins th subjects and shows a straggling 

in part explains Ais initial rise in the unhzation curve 

Innrpmatton of the Uulit^atton Curve 

ta^c*°thc"^^ro”°ro^ T" arc two components of impor 

iron stores was demonst function The influence of enlarge! 

done after iron ini «pcnmcntally in dogs (ublc 3) Utilizanon curves 

unaffected A similar r 'll * niarkcd depression alAough erythropoicsis was 
subjeSby tlZl l T Foduced m e^nmenA 

marrow dysfunction^, *“ 

The noiSS^r ‘f ^ discussion 

extravascularly anf-r ‘ localization of about X3 per cent of the radioiron 

taken as repmsentatfye^f A^' circulation as hemoglobin This pattern may be 
bone marrow function Th ' storage iron compartment size and normal 

porated in cell m, / mctravascular iron admittedly represents iron mcor 

sroraSil^n “ i„T*'l ^ iron With a dcaeasc m 

This would make it Ik t^erc may be increased demands of tissue for iron 

by Ac per cent nn/!^ * c y t at decreased iron stores woAd be accurately detected 
seems definite A t ° radioiron A condmons of iron excess, however, K 

of radioiron for hem“ogrbm prZcZ ^ 

plctc than in nom”*!^ “icial utilization is more rapid and com 

Pauents 10 and Z h'^ Comparing the curve m figure 3, it will be seen that 
on Ac basis of ^ R greater utilization than the others This is explainable 
bon, „.„„y „ , 

iron Acranv Tr other responding with a nsc m hematocn: to 

7 was not increased Foduction in patients 15, 5. 

the hyperplastic mnrr vveck, as judged by the hematocrit With 

total red cell clem , dAacncy and therefore an increase in 

given, o to of m^ ■ ' be slower than normal The iron 

about 20 me wm.1,1 compared with a daily breakdown and rcutilization of 
elude Aat Ac mcre!T,'!r'^ c “I^ctcd to accelerate cell production We must coo 
e speed of utilization in these eases represents a decrease 10 
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Storage, and in scrum turnoscr time and perhaps a slightl) shorter period of 
hcmoglobinization of the red cell in the marrow As the rate of er) thropoiesis is 
increased bj suppl) ing more building materials, the utilization is further ac- 
celerated It IS of interest that loo per cent utilization is not attained, suggesting 
that certain tissue requirements are met c\en with anemia In hemochromatosis, 
radioiron utilization is profoundl) depressed, w hilc there is nothing fundamentally 
■wrong -with cr}throc)te production This clearl) indicates, as did animal experi- 
ments (table i), that radioiron to some extent measures tissue iron stores in that 
Its utilization is insersel) proportional to their size 


Table _ — Iren Leatltng Extrrtmrnl tn Degs 



I Initial utiliratiOQ 

1 fFe“) 

1 

1 

Iron Injected 

Subsequent utHiution 
(Fc*») 


per cent 

1 

rtf 

per cent 

G 

77 

1 

1500 ' 

M 

S 

1 75 

1 

4170 

16 


Hftcen tilop-am mongrel dogs were gisen radioacuvc iron (Fc**) intravcnousl) and its uuliza 
non followed for 15 days Blood volume of Dog G was 1550 cc. vnth hematoent of 48% blood 
volume of Dog S was 1550 cc svich hcmacocric of 51%. Over the follosving three months iron svas 
injected as non ascorbate gelatin Subsequent unbzation curves were performed shoving greatly 
depressed utilization Autopsies of the animals showed large iron deposits throughout the reticulo- 
endothebal system of both animals 


Table 3 — Rati ef RaJieiren Ulih^atien jer Hcmeilehin PreJuetien 


Condition 

A\eraec tune to acbie\e 10% of the max 
uDum oUliaalion obsened 

Hcmolync anemia 

days 

2. 

Iron dcfiacncy anemia 

3 

Normal 

4 

Hemochromatosis 

4 

Infection 1 

1 5 or more 

Myelophthisic anemia 

8 or more 


In conditions associated with bone marrow disfunction (refractory, aplastic and 
myelophthisic anemias), the amount of radioactive iron appearing in the circula- 
tion was considerably reduced and the utilization curve was flattened This same 
pattern was present in uremia and the impairment m utilization was roughl} 
proportional to the degree of azotemia In some mstances body iron stores had 
been altered by previous transfusions (patients 15,4, 41) This was not enough to 
explain the depression observed, and as demonstrated in Patients 41 and 6i, when 
nitrogen retention was alleviated, iron utilization was improved This would 
suggest that some factor associated with retention of metabolic products interferes 
with blood production as measured by iron utilization There would not appear 
to be an attendant disorder in iron metabolism here, as the serum iron is usually 
"uhin normal limits in contrast to the marked depression observed in infection 
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Among the eight patients with infection studied, there was no reason to believe 
that any difference in iron utilization existed attnbutable to the etiologic agent 
Rather, the depression m utilization curves appeared to be proporaonatc to the 
general seventy of the infection The curves showed the same gradual daily mere 
ments characteristic of decreased red cell production withtheexccptionofipaticnts 
(i8 and 47) Both of these had subacute bactenal endocarditis with assoaated 
splenomegaly The rapid ininal rise and early plateau in their utilization curves are 
similar to the curves in hemolytic anemia and raise the question as to whether 
increased hemolysis may have been present This depressed utihzanon of radioiron 
in infection associated with a profound lowering in scrum iron has been desenbed 
in expcnmental animals The patients with show a different type 

of curve Maximum utilization is reached on an average by the fourth day in con- 
trast to the more gradual plateau normally found A second feature of mterest is 
the extremely low utilization observed in most instances Previous blood trans- 
fusions may have depressed the utilization to some extent In only Patient 1 was 
the experimental period entirely free of blood admimstration However, while 
larger iron stores are to be expected in hemolytic anemia, these do not begin to 
reach the size found m hemochromatosis This would suggest that, m hemolync 
anemia, the serum iron binding protein is almost completely saturated with iron 
from broken down erythrocytes with the result that the mjccued radioiron is at once 
deposited in inactive tissue stores Figure ii substantiates this, for the utihzanon 
cnirve during the acute hemolync stage was only 15 per cent, while at a later date 
the unlizauon was 50 per cent There was no reason to believe that iron stores ha 
changed appreaably in the interim This may mdicatc either that hemoglobin nt® 
IS necessanly used in preference to injected iron or that the transport mechanism 
was already saturated with iron and that the injected iron was therefore mote 
rapidly taken out of circulation Destrucuon of newly formed erythrocytes un- 
doubtedly occurred in these patients This would hasten the miimg of iron but 
would not necessarily effect the per cent utilizaaon for hemoglobm production 
Pernicious anemia presents a more complex situation It will be observed that th« 
are two types of curves When the iron had opportunity to mix with the cnlarg 
iron stores before liver therapy, its subsequent appearance in the arculation was 
slow However, when the iron was given at a time when hematopoiesis was prO" 
ceeding rapidly after liver therapy, utilization was rapid This latter patient 
showed an early plateau, suggesting that by the fifth day there ma) be some 
destrucuon of the newly formed cells Other observauons on the viabihty 0 c 
reuculocytes in permcious anemia** and studies"*’ on the viabihty of erythrocj'tcs 
in permcious anemia substantiate this In malaria, the decline in radioacuvity m 
Case 51 indicates destrucuon of young cells in kcepmg with the previous 
uon that parasiuzcd cells contam most of the radioacuvity "* It will be 
that during the periods of fever there is little iron uuhzauon, while after lira la 
uon of the infection there is more rapid utilization 
Lattle IS known of the mechamsm of anemia in malignancy The general coa(^ 
of the utilization curve was fairly normal, but the uuhzauon was less than a 
of normal There was no evidence of hemolysis in these cases It is impossib e to 
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divorce the influence of storage size and bone marrow d)sfunction here It is 
reasonable to assume, hotseser, that both may plaj a part In keeping with the 
lack of any sesere hematologic insoKement in Addison s disease, the utilization 
curve was essentially normal This was also true of mild myTCcdema However, 
with the more sesere anemia of panhypopituitarism, the utilization was de- 
pressed 

In figure 17, a diagrammatic representation of storage and circulating red cell 
iron m certain conditions was studied as compared with typical radioiron utiliza- 
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non curves In hemochromatosis and in iron deficiency, the primary factor in- 
fluencing utilization was the size of iron stores In hemolytic anemia and bone 
marrow dysfunction, the chief factor was rate of blood production in the bone 
marrow It is of some interest that if the curves in both control subjects and in 
those patients with hemochromatosis are “normalized to 100 per cent, their 
slopes are the same In general, the slope appears to correlate with the rate of red 
cell production As an index of this, the average time to reach 50 per cent of the 
utilization attained in two weeks is listed in table 3 The difference is somewhat 
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greater than apparent from the data when the period of lag is taken into considcta 
non 

These data are similar in general to the studies of iron utilization reported by 
Dubach, Moore, and MmnicL ’’ Our lower utilization values may be accounted for 
in part by the assumption of blood volumes on the part of these authors without 
the additional correction factor of o 85 per cent foimd necessary by Gibson et il 
Ross” finds a slightly lower normal utilizauon, in the neighborhood of 60 per 
cent It seems likely that injected iron is used mtcrchangeably with iron hberated 
from hemoglobin, for the utilizauon curves are qmte similar from broken down 
hemoglobin and mjected radioiron ’ ” The blocking acuon found m hemolytic 
anemias would appear to be due to the more saturated state of the scrum iron bmd 
ing protein forang the injected iron into storage depots In absorption studies 
employing radioiron, it is obvious, as previously suggested,^ that the percentage 
utilization cannot be taken as the amount absorbed and that the studies of Hahn 
et al must be mterpreted according to the expected utilization of iron, once 
this material gains access to the blood stream The simultaneous mtravenons m 
jection and oral adrmnistration of different isotopes of radioiron rmght be expected 
to circumvent this 


Summary 

By determining the percentage uulizauon of mtravenously admimsteicd radio- 
iron for hemoglobm production over a pienod of two to three -weeks, certam 
measurements of mtemal iron metabolism can be made 
With a normal rate of blood producuon, changes m per cent utihzauon reflect 
alteration in iron stores Iron depletion is characterized by more rapid and mo« 
complete utihzation of radioiron States of iron excess in hemochromatosis can 
identified by their profound depression of radioiron utilization 

If, on the other hand, storage iron is not greatly altered, the piercentagc uu 
tion IS determmed by the funcuon of the erythropoicuc ussue In myelop ^i 
anemias, in uremia, and in infecuon, a similar depression of the curve is loun 
The rate of erythropoiesis may further be estimated by the slope of the uti 
tion curve, and evidence of abnormal red cell destrucuon is found m ear v 
abrupt plateau of the utihzauon curve 

A correlaUon has been made in a variety of hematologic disorders 
radioiron uulization for hemoglobin production and the clinical factors w 
might be expected to affect iron metabolism m these patients 


^ McCancb R a and WroDowsoN E 
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HEMOLYSINS IN ACQUIRED HEMOLYTIC ANEMIA 
Effect of pH on the Activity in Vitro of a Serum Hemolysin 


J V Dacie, mb, M R C P London 

H ydrogen ion concentration has a controlling effect upon many hcmolpc 
systems, both simple and complex Osborn* in 1934 rcvierred the early 
literature on the effect of pH on the hemolysis by complement of corpuscles sen- 
sitized by hemolytic immune body He found that the optimum reaction for the 
hemolysis of sheep corpuscles by guinea pig scrum was about pH 7 5 svith in- 
hibition below pH 5 5 and above pH 5 7 More recently, Sciftcr ct al * have re 
ported unimpaired activity of human complement between pH 6 i and 8 4 and 
irreversible and rapid destruction below pH 4 1 and above pH 10 i 
The effect of pH or carbon dioxide concentration on the activity m vitro of 
hemolytic antibodies of human ongin has seldom been considered except in the 
case of chronic hemolytic anemia with nocturnal hcmoglobmuna (Ham,’ Daae 
and Richardson’), in cold hemoglobinuria where the adjuvant effect of carhoa 
dioxide on hemolysis has been sometimes referred to (V an den Bcrgh,’ Hannenii 
and Rytma,* Waglcy, Zinkham and Siebcns’) and in a case of acute hemolync 
anemia in infancy reported by David and Minot • 

In the present communication arc reported observations on the acnvity m vim 
of an abnormal hemolysin in the scrum of a patient with idiopathic acqui 
hemolytic anemia, and the effect of pH on its action It was found that 
little or no hemolysis resulted when normal Group O corpuscles were snspen 
in unacidificd patient s scrum (pH 8 o), hemolysis readily took place if the p 
of the scrum-corpuscle suspension was adjusted to an optimum (pH 6 8 to 70,1 
by the addition of suitable volumes of acid If graded amounts of aad ueit 
added to scrum it could be shown that the range of pH withun which heno ysi 
could be observed corresponded quite closely to that found in chrome hemo y 
anemia with nocturnal hemoglobinuria (Dacic and Richardson’) Id *ke * 
section of this papier, these observations arc contrasted with the pH ranges 
hemolysis by complement of erythrocytes sensitized by anu-A or ann 
hemolysin and of group O erythrocytes sensitized by a cold hemolysin p 
in the serum of a patient with cold hcmoglobmuna 

General Technical Methods* ^ 

Smm wM obtuned by defibnnaung blood iroond » roughened glisi rod in a conical flaib ^ 
the terum wai approximatelY 8 o Serum intended aa a source of complement was us-d wi m 
hours of collccnon and stored froren uncU utihicd , ijjOH 

Tit pH a/ /At jfrauT was modified bg the addiuon of roper cent hg volume of N/j N/ioor /r® 

or N/io N/io N/5 N/4 N/3 5 N/3 or N/r_3 HQ 

From the Department of Pathology Postgraduate Medical School of I-ondon London Engl 
* Other tec hn ical deuils arc ^ven in^ootnotcs to table i 
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Eijttnxjti jii]frrs:trs wer e prepared from packed jalire washed corpuscles and used at 6nal concen 
tranons of i pre cent or 5 per cent bj adding to the (acidified) serum 10 per cent bp \olume of 1 zo per 
cent or 50 per cent susp-osion 

Smm-fcrfusch jMifiTUiani were generall) incubated in a water bath at 37 C for 30 minutes 
Hmcljiu was measured photoeleccricall) after diluting in N/100 NaOH solumes of the sup-matants 
obtained after centrifuging the corpuscle serum suspensions 

Tti pH if tht nrfuich jrrwTj imfcnitm was measured b) a glass electrode at the end of the preiod of 
Incubation and after resuspending the corpuscles or when onl> small solumes of scrum v ere available 
by the use of indicators (phenol red bromth j-mol blue or meth> 1 red) 


Summary of Cuicical History and Routine Laboratory Findings 
Mjss B , aged ig Idiopathic acquired hemolytic anemia 

Splcncaom) had been performed for hemolytic anemia approximately five 
years before the present series of observations was made The cause of the origi- 
nal hemolytic attack was uncertain, the family history did not suggest a familial 
incidence 

The patient was admitted into a hospital in London in December 1946, severely 
ill with signs of intense hemolysis Repeated blood examinations then revealed a 
severe macrocytic anemia, the erythrocyte count was i o to i 5 million per cu 
nim , with 3 5 to 5 5 Gm hemoglobin, there was a high reticulocytosis (zy to 
50 per cent) and a raised mean corpuscular volume (up to 160 cu micra) In films 
of pcnpheral blood there were occasional normoblasts, much polychromasia and 
postsplcncctomy basophilic stippling, and rarely instances of erythrophagocytosis 
by mononuclear cells The Coombs test was positive and cold autohcmagglntimns 
were present to a utcr of i 5 iz at z C, there was just perceptible autohcmagglutma- 
tion at 37 C The plasma bilirubin level was continuously raised (up to 4 mg per 
100 ml ) and there was a shght increase in plasma globulin (albumin 4 o Gm , 
globuhn 3 3 Gm per 100 ml ) 

Hemolysis continued at an extremely rapid rate with only minor fluctuations, 
md blood transfusions were only of transient benefit Hemoglobinuria was gen- 
erally absent, but was observed on several occasions after transfusions Data 
obtamed by the differential agglutination technic (Dr J F Loutit) confirmed 
that the transfused blood was very rapidly eliminated The patient died in 
April 1947 


Nature of the Serum Hemolysin 

Samples of the patient s blood were investigated on several occasions between 
January and March 1947 * It was repeatedly found that normal group O erythro- 
cytes and the patient s own corpuscles underwent hemolysis in vitro in the pauent s 
terum The hemolytic antibody seemed to be distinct from the cold hemagglutinin 
antibody and was absorbed on to corpuscles better at 37 C than at lower tempera- 
tures The amount of hemolysis was largely determined by the pH of the cor- 

* I am indebted to Dr J F Loam for blood from this panent and to Dr J F Hawkesicy for details of 
the clinical history 
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Table x 

For Pnctdmns aod Rerruris see below 


Experiment 

Serum 

Corpuscles 

Hoaoljih 

la. 

Panent* 

Panent 

*• 

ND 

b 

Paaent* 

Normal ( 0 ) 

5 

c 

Aadificdf panent s scrum 

Panent 

35 

d 

Aadificdf paaent s scrum 

Normal ( 0 ) 

60 

xa. 

Inacavatcdf aadificd panent s scrum 

Normal ( 0 ) 

10 

b 

Inaenvatedf aadificd panent s scrum 

Normal ( 0 ) 

6 

c 

Inaenvatedf aadificd panent s scrnin. 

Normal (U) 

3 

3 

loacnvatcdf aadificd panent s scrum 

Normal 

(») “ 



(b) 70 

41. 

loacnvatcdf aadificd panent t serum 

Normal 

10 

b 


Normal 

1 

c 

Freshf aadificd panent s scrum. 

1 Normal 

'5 

d 

Freshf aadificd panent s scrum 

Normal 

5 ° 

5 » 

Inaenvatedf aadificd panent s scrum 

Panent 

CO 

(0 Nl 

b 

Inacnvatedf aadificd panent s scrum. 

Normal 

(0 55 



(1) 15 

c. 

loacnvatcdf aadificd panent s scrum 

Paaent 

CO 

(l) UJ 

d 

loacavaccdf aadificd paaent s scrum 

Normal 

CO 55 

CO Nil 


37 C ReuAirs Demooscrates the effect of pH on the hemolysis of the patient s corposclci iO ® 
normal group O erythrocytes The panent s own corpuscles are less sensiave th*o arc the tioriD 
erythrocytes 

2. Procbduxe (s') The corpuscles were sensiuzcd in the panent s serum for 30 minutes »t 37 ^ 
The suspension was then centrifuged the deposited corpuscles were washed m warm 
suspended in fresh normal aadificdf scrum and incubated at 37 C for a further 30 minutes. C 
as (s) but the corpuscles were scnsiazcd in the patient s scrum at 16 C CO Same as (0 
corpuscles were sensitized in the patient s scrum at a C Remakd Demonstrates that the n 
ysin is less readily absorbed at tcmp^aturcs below 37 C ccflin 

3 Procedure The corpuscle scrum laspcnnon was incubated for 30 minutes at 37 C, t ^^djvidcil 

fuged and the corpuscles washed once in warm saline The scnsiazcd corpuscles were then 

into two equal poraons and (t) To (0) was added a volume of heated normal scrum 

natural pH (8 o) to (i) was added heated aadificd normal scrum Cp^ 7 

at 37 C for 30 minutes then centnfaged and fresh aadificd normal scram added to the 

corpuscles CpH 7 o approx ) and the suspeastons incubated at 37 C for a further 30 

MARCS Shows that the hemolysin is absorbed best at a relatively aad rcacaon and may ^ 

from the corpuscles into serum of a more alkaline rcacaon (a) jJj^q 

4 PaocEDURE (s) The corpuscle scrum suspension was incubated at 57 C for 30 ttV ^ 
centrifuged To the depone was added absorbed guinea pig scrum The tube was meu itc 

for one hour (t) Unscnsiazcd normal corpuscles were suspended in absorbed guinea 
and incubated at 37 C for one hour (control for s) (c) Incubated at 37 C for one hour ^ 
as (c) but with the addiaon of absorbed guinea pig scrum Remaecs (^andi) 
corpuscles arc hcmolyzcd by fresh guinea pig scrum complement, (c and d) Hemolysis is 
in the presence of addiaonal guinea pig scrum complement. atnhg^^ 

5 PaocEDuaE (0) (x) The suspension was incubated at 37 C for 30 minutes Jjqo: 

Aadificd fresh normal scrum was added to the depone and th* tube incubated at 37 
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pusclc-scrum suspension, hcraoljsis \sas maximal at about pH 6 8 to 7 o and was 
inhibited below pH 6 and abosc pH 8, and there was but a trace of hemolysis in 
unacidificd scrum This restricted pH-hcmoljsis range seemed due to the hemolysin 
being poorl) absorbed at the all aline side of neutrality, and it was demonstrated 
that hemolysin absorbed at the optimum pH was liberated again if the sensitized 
corpuscles were suspended in a more albalinc serum The antibody was found to 
be thermostable and withstood heating to 56 C for thirty minutes Complement 
was required for hemolysis and either fresh human serum or guinea pig serum was 
satisfactory The titer of the hemolysin (determined against normal corpuscles 
under what was thought to be optimum conditions) was i 8 (final scrum dilu- 
tion) 

Absorption cxpcnmencs shoivcd that normal corpuscles absorbed hemolysin 
active against patient s corpuscles and vice versa, and there seemed to be no 
difference in sensitivity to the hemolysin between the patient s immature cor- 
puscles (reticulocytes) and her mature erythrocytes Repeatedly, the patient s 
corpuscles were shown to be less sensitive to hemolysis than were normal eryth- 
rocytes 

Some of the data on which the above description is based arc recorded in table i 

Discussion 

Although the cause was obscure there can be little doubt as to the nature of the 
disorder from which the subject of this report was suffering, the negative family 
history, the severe anemia and high reticulocytosis, the presence of cold hemag- 
glutinins, the positive Coombs test, the relapse after splenectomy and the transient 
benefit of blood transfusions due to a rapid elimination of the transfused corpuscles, 
and the presence of an abnormal auto- and isohemolysm in the serum all indicate 
a severe idiopathic acquired hemolytic anemia 

The presence in the patient s serum of an abnormal hemolysin is the most 
unusual feature and has seldom been observed It is probably only in the most 
severe forms of hemolytic anemia when autoantibodies arc being formed in large 


(i) Farther piucnt s corpatcles rerc added to lapcrnatanc. The saspeasion tras ceacnfnged after 
30 nunotes fresh audi&ed normal serum was added to the deposited corpuscles and the tube lucu 
bated at 37 C for one hour C^) Same as (») except that normal corpuscles were used throughout, 
(e) Same as C*), except that normal corpuscles were used in the second stage of the experiment to 
test for the absorption of the hemolysin by the pauent s corpuscles C <0 Same as (a) except that 
pauent s corpuscles were used in the second stage of the expenment to test for the absorpuon of the 
hemolysin by the normal corpuscles Rimaxks Demonstrates the cross absorption of hemolysin be 
tween pauent s and normal corpuscles and the relanve insensiuwty of pauent s corpuscles com 
pared with the normal 

* Serum not aadihed (pH approximately 8 o) 

t Strum aadified by the addiuon of to per cent by volume of N/4HQ The pH after the addiuon 
of the corpuscles and incubauon ar 37 C for 30 minutes was approximately 7 a 

1 Serum loacuvated by heating to 56 C for 30 minutes acidified svith to per cent by volume of 
ff/4 HQ after in^ctivauon 

Fresh guinea pig scrum v'as absorbed \ntb cquaJ volumes of washed normal humao corpusdes 
for 30 minutes at 2. C. The scrum was used at a final dilution of i in 5 
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detention in the serum over and above tiat 
absorbed on to^e patient s own corpuscles, this probability, and the fact that 
adjustment of pH to an optimum for hemolysis is important m the demonstration 
ot hemolysins of the type now described, perhaps accounts for the faa that oh 
sedations similar to the present have seldom been reported 

b rn I about forty jears ago, the role of hemolysins m acute 

hemolytic anema was well recognized (Chauffard and Troisier,’ Chanffaid and 
cent ), an esc early papers and some others arc referred to by DamcshcL 

*/ 



^ “'^'ccofpHonthctbjoipuonofa cold hemolyoapfoa'*" 

anv effect of fro® cold hemoglobmnm, tod D (intcrropted line) the tbs®® of 

pmsoo absotpuon of tnci A (ot «,u B) isohemolTnos Curve B u reproduced for coou 

their review of acute hcmolyuc anemia Following these earlf 
ci^rr, ' association of hemolysins and acute hemolytic anemia 

ms to have been forgotten until in 1538 Dameshek and Schwartz'’ published 
^ j are those of Farrar, Bnmert and Steig 

Strre’n Nebcr and Dameshek,'’ and of Ellis, WoUennan and 

""P®" of David and Minot has the effect of pH on the demon- 
sranfia] ^ activity been invcsugatcd These authors observed a sob- 

fied cmolysis when the coipusdcs were suspended in serum aci i 

nnacidified semm, m one instance 

A<i }i3c 1 concentration of liberated hcinoglobiD 

HUS already been mentioned, the effects of pH on the action of guinea pig 
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and human serum complement arc Vicll recognized In the present instance, there 
was evidence that the absorption of antibodj was also controlled bj pH, and that 
It was this effect which was responsible for the comparative!) restricted pH range 
between which hemolysis could be demonstrated 
It was of interest to contrast the behavior of this patient s hemolysin with two 
other types of antibody, the anti-A and anti-B isohemolysins and a cold 
hemolysin from a patient suffering from cold hemoglobinuria The effect of pH 
on the absorption of these three types of hemolytic antibodies is indicated in 
figure I The left hand curve (A) represents the pH range within which hemolysis 
of normal corpuscles by Miss B s scrum could be demonstrated, the range was 


y. 



^ — "The effects of pH 00 the hemolysis of group A corpuscles by the anti A isohcmolysio Ccurvcs 
A) lud of group B corpuscles by the anti B isohemolysin Ccurre B) Curve C lodicates the effect of pH 
on the hemolysis of group O corpuscles by a cold hemolysin present id the scrum of a patient suffering 
from cold hemoglobinuria The black arrows indicate the amount of hemolysis produced by unacidihed 
scrum 


approximately pH 6 to pH 8 with an opumum about pH 7 Curve B represents the 
effect of pH on the absorption of the hemolysin, 1 e , the amount of hemolysis 
observed when corpuscles sensitized in inactivated serum at a range of pH between 
6 and 5 were subsequently resuspended and incubated in fresh normal serum at 
pH 7 * The absorption of antibody diminished with increasing alkabnity, and 

* Washed normal erythrocytes were suspended at a Bnal concentration of J per cent m volumes of pa- 
tient s inacuvatcd serum whose pH had bem adjusted from 9 to 6 by the addition of 10 per cent b> volume 
of HCl ranging in strength from N/xo to N/i_5 and NaOH ranging in strength from N/10 to N/5 The 
^°tpuscle-scrum suspensions were centrifuged after thirty' minutes at 37 C and the deposited corpuscles 
Washed once in saline warmed to 37 C Finally volumes of fresh normal serum at pH 7 o were added to the 
tposited corpuscles and the tubes incubated at 37 C for 30 mmutes The amount of hemolysis in each 
tube was dependent upon the amount of hemolysin absorbed in the first stage of the experiment 
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It IS this fact that probably reduced to a mere trace the amount of hemolysis cinscd 
by unacidified serum In the nght hand diagram in figure i, curve B is rcprodnuil 
again Curve C represents the effect of pH on the absorpuon of the cold heinoly 
sm and the line D shows that pH has no effect on the absorpnon of ana A (or B) 
isohemolysin In figure z are shown as a contrast to curve A of figure i, pH 
hemolysis curves (the s umm ation of effects of pH on the absorpnon of the anti- 
body and upon the action of human scrum complement) for the hemolysis of 
normal corpuscles by anti-A and anti-B isohemolysins (curves A and B) and by 
the cold hemolysin (C) The black arrows indicate the amount of hemolysis pro- 
duced by unaadified scrum at approximately pH 8, and show that this is almost 
maximal In the ease of curves A and B (fig z), the rclaavely wide range of pH 
within which hemolysis will take place is due to pH affectmg the acavity cf 
scrum complement alone and not the absorption of the anabody The range for 
the cold hemolysin (curve C) is slightly more restricted on the alkaline side, in 
this ease, there is some impairment of absorption of antibody between pH 8 and 9 
It is noteworthy that the pH range for the action of Miss B s hemolysin quite 
closely correspionds to the pH range within which the erythrocytes from panenB 
with nocturnal hemoglobinuria will undergo hemolysis in normal scrum (Daac 
and Richardson'*) 

It IS remarkable that the effect of pH on the activity of the three different types 
of hemolysins described in this papier was different m each case Such diffctcncci 
no doubt reflect subtle differences in the compiosition of the pirotcm complete 
concerned From the practical point of demonstraung the hemolytic nature 
these antibodies in vitro, the effect of pH caimot altogether be disregarded 

Summary 

The pircscncc is recorded of an abnormal hemolysm in the serum of a 
with severe acquired hemolytic anemia Its activity in vitro was determm 7 
the pH of the corpuscle-scrum suspicnsion, the optimum pH was about 6 8 to 70 
and there was inhibition above pH 8 and below pH 6 This pH range is contrast 
with that of other h uman serum hemolytic systems, it is similar to that oun 
nocturnal hemoglobinuria 
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OBSERVATIONS ON THE INFLUENCE OF THE HYPOPHYSIS AND 
THE ADRENAL CORTEX ON BLOOD PLATELET LEVELS 


By Elijah Adams, M D * 


^HE MAMMALIAN blood platelet remains the formed blood clement about 
w ich there is little significant information Major areas of ignorance include 
c actors concerned with the regulation and the mechanism of platelet formation, 
telease, and utilization, as well as with the exact role of platelets m vascuhr 
cmostois and plasma coagulation ^ The obscrvaQons desenbed m this paper 
were p anned to examine the hypjothesis that the circulating level of blood plac- 
ets might be subject to the influence of certain endocrine secretions Although no 
c car in ication for such a relationship exists, several Imes of evidence are con- 
sis^t with this working hypothesis First, a vancty of stressful stimnh, in- 
c u mg ever," severe exercise,'® anoxia,'® hemorrhage,®’ trauma®* and surgery' 
Mc rcjiortcd to result m significant elevation of the platelet count Smec such con- 
tions ^ one common factor the stimulation of the pitmtary-adrcnal corta 

system, it seemed reasonable to evaluate the possibility that these glands 

exercise a direct influence on the mechanisms determinmg the level of orculating 
pilatclcts 

Secondly, much recent work has revealed a relationship between the aenvny 
o sevCTal endocrine glands and processes of hematopioiesis involvmg both the red 
smd white cell senes '» The anemia which follows hypophyseaomy® ’* 
the control of lymphocytes exerted by the piniitary-adrenal cortex system'- rtprt 
sent t e more clearly established correlations between endoenne sectenons and 
processes concerned with hematopoiesis 
Finally, there is some evidence that hemosuac vascular reactions, beheved to 
involve the blood platelets,® ®‘ »<> may be altered by endoenne influences Ungar* 
presented data indicating that the spleen, acuvated by the pituitary and the 
a ren cortex, secretes a substance cfiTcctivc in shortening bleeding time 
increasing capillary resistance 

Observations directed specifically toward a piossiblc endoenne influence upon 
p levels arc few in number Estrogens, administered in massive doses over a 
pencid of weeks, have been rcpiortcd to reduce the platelet counts of dogs and 
purpunc levels,” ® the final picture being that of an aplastic anemia it> 
which all the cellular components, both of the pcnpheral blood and bone marr^> 
were at low levels Shcckct and assocrates®® observed an average increase 7 
per cent m the blood platelets dunng the terminal postoperauve week in adrenal^ 
tonuzc rats A rcpiort by Dalton, Masson and Sclyc* desenbes a siinila'' stca / 
nsc in platelets following bilateral adrenalectomy in rats The results of sham 
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operation arc inenuoned in neither report, ho\\c\cr, and the well-substantiated 
phenomenon of a platelet clc\ation following all t)pcs of surger} ' makes it im- 
possible to asenbe specifically to the absence of the adrenals the platelet changes 
reported in these two studies Zondek and Kaatz"^ reported a moderate reduction 
m the platelets of men one hour following the administration of small doses of 
adrenal cortex extract (Richter — cortigen), and an increase following oral thyroid 
and parenteral thyroxin or thyTOtrophic hormone Following castration of male 
and female albino rats a significant drop in platelets lasting several months has 
been described, as well as a gradual elevation of platelets following the sub- 
cutaneous injection of gonadal extract * 

Materials and Methods 

The animals used in this stud) vtrrc male Sprague Danic) rats weighing between 175 and 300 Gm , 
nule and female mice of both the A and the CBA strain between 8 and 12. weeks of age and young adult 
male rabbits of miacd strain All animals were kept in air<ondiuoncd rooms at controlled temperatures 
and fed a standard diet composed of Punna Lab Chow (rau and mice) or Purina Rabbit Chow 
The platelet couoang method employed is described in detail elsewhere ’ In bnef the method for rats 
and mice was as follows By hcaa puncture a small standard quantity of blood (o 1-0 lcc ) was aspirated 
into a r-cc synngc containing a measured volume of sodium oralatc solnuon A qoanticaave diluaon 
of the blood having been made in the original synngc the contents were mixed transferred to a test 
tube and allowed to remain undisturbed until a clear layer of diluted plasma appeared as a result of the 
scdimcncanon of erythrocytes and leukocytes This layer was then sampled with a capillary pipet and 
the platelets counted 10 a hcmocytomeccr of convcnnonal type The method for rabbits was identical m 
csscnnals except that blood was drawn from the ear artery rather than from the heart. In the ease of 
mice It was necessary to sacrifice an animal for each detcnninauon the heart puncture being performed 
after opening the chest Serial counts could be easily made both in rats and rabbits 

Splenectomy and bilateral adrenalectomy were performed on rats and mice in the usual manner under 
ether anesthesia using a clean but not sterile technic Following bilateral adrcnalcctom) mice were 
given routinely a single snbcutancous mjecaon of dcsoxycoracostcrone acetate m sesame oil Co a.5 cc 
containing i mg ), both rats and mice wer e given a i per cent solution of NaQ as dnnkmg water 
following adrenalectomy In many but not all cases completeness of adrenalectomy was checked by 
autopsy 

Sprague Dawicy rats, hypophyscctomizcd at about x months of age, were obtained from the 
Hormone Assay Laboratory Inc Chicago Hypophyscctomy was considered complete if the animals 
w to gam weight and if a marked degree of tcsucular atrophy appeared 

Aqueous adrenal cortex extract C^ilson) was the preparation of cortical hormone used and was 
mistered to rats subcutaneously in doses of i cc per 100 gm body weight Injected control fluids such 
“ physiologic saline and water were given in the same doses Mice received o X5 cc. of aqueous adrenal 
extract subcutaneously rabbits w ere given 10 cc of this preparaaon subcutaneously 

Results 

^nnal Cortex Extract tn the Intact Animal 

single doses of aqueous adrenal cortex extract were found to be without 
influence on the platelet counts of mice, rats and rabbits Mice (CBA strain) were 
saenficed in groups of 4 to 10 individuals at intervals from fifteen minutes to forty- 
^ght hours following hormone A group of 16 rats was subjected to platelet counts 
immediately before, three and twenty-four hours after the injection of adrenal 
^ortex extract Six rabbits were followed with serial platelet counts at intervals 
4 . 8, and X4 hours after hormone At no mterval following injection m anv 
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DW POSTOPERATIVE 

Fio I — Serial changes m the platelet count following adrenalectomy each poiot rcprcsoia the 
ereentage change from the last prcoperacivc cotmc in a given rat* 



DAY POSTOPERATIVE 

Fio o. — Serial changes in the platelet count following sham adrenalectomy each point has ^ 
m6cancc as in figure i Note similanty to the response after adrenalectomy m figure i 

of these species, could consistent, significant differences from the control values be 
detected 
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Adrcnaltctomy 

Platelet counts s\erc performed senaJIj following adrcnalectom) in a group of 
15 male Sprague-Dass Ic) rats, and following sham-adrcnalcctomy in a group of 19 
similar animals Both tjpics of operation were earned out in idcnucal fashion, 
except that in the control operation a piece of penrcnal fat was removed from the 
vicimtj of each kidnc} without disturbing the adrenal gland The similantj of 
the platelet response, both in magnitude and durauon, can be seen from inspection 
of figures I and 7. In these figures, each point represents the calculated percentage 
difierence between the platelet count on a particular postoperative daj in a given 
animal, and the preoperativc count in the same individual Additional data, 
covenng onl) the fiust five postoperauve days, revealed no significant difference in 
the platelet rise following adrenalectomy and sham-adrenalectomy in mice of the 
A strain 


Adrenal Cortex Extract Following Adrenalectomy 


In contrast to the failure of adrenal cortex extract to influence the platelet level 
of intact rats, comparable doses of hormone given to rats following adrenalectomy 
were found to produce a consistent reduction in the platelet count as detected by 
companng counts made in the same animal immediately before and three hours 
after administration Individual values for the per cent reduction m platelet 
numbers ranged between 9 pxn: cent and i8 per cent, the consistency of the direction 
of change bemg more striking than its magnitude Rats were first examined for 
platelet changes following hormone admimstranon four or five days after adren- 
alectomy, and the same rats, in most instances, were used for repeat observations 
at longer picnods — between ten and sixty days — piostopierativcly A control group 
of rats subjected to sham-adrenalectomy and examined five to eleven days follow- 
ing operauon, was found to show no consistent platelet response to adrenal 
cortex extract It should be mentioned that the group of rats originally used to 
examine the effects of adrenal cortex extract on platelets m the mtact animal was 
subsequently subjected to adrenalectomy or sham-adrenalectomy for the post- 
operative trial of hormone, so that with a few exceptions, the same group of in- 
dividual rats served both as control and experimental ammals 

In some, but not all, instances, autopsy was performed on rats allowed to sur- 
■vivc for long periods ^up to sixty days) after adrenalectomy In a few of these 
animals regenerated adrenal tissue was found, and the data discarded No animal 


Was used in the adrenalectomy senes unless removal of both adrenals mtact had 
been accomplished It was considered that adrenalectomy was functionally com- 
plete at the five-day interval, even though adrenal regeneration might have oc- 
curred many days subsequently No adrenal tissue was found in any of a group of 


13 rats autopsicd five to seven days followmg adrenalectomy 
lo an attempt to control these observations further, comparable doses of phvsi- 
ologic saline were given subcutaneously to a group of adrenalectomizcd rats on 
the fifth postoperative day The unexpected finding was made that m the adrena- 
cctomized, but not the sham-operated rat, this treatment too was followed by a 
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in platelets comparable in magnitude to that observed after admimstration of 
^renal cortex extract In contrast, distilled water given m similar quantity to a 

W rn rats was succeeded by no significant change m the plate 

ict count These data are summarized in table i 

The unhkdy possibility that a reduction in the platelet count of such magni 
u ^^‘^ribcd to hcmodilutiou in the adrcnalcctomized rat, brousht 
, 7 ^ volume of adrenal cortex extract or saline injected, was tested 

o Owing t c c angc in hemoglobin* concentration three hours after the suh- 
tancous a ministration of physiologic saline to a small number of rats five days 
rena ectomy or sham-adrenalectomy Under these conditions, the man 


'J “^*1' prmnt chtnit in tin plotila cumt immtitatily hjm tni } Im tpr lb 
niton of jtrtrni dtffmnt prtparnttons to tntoa, ndnaaUaimtxtJ and thom-ndrttala 


tomixfd rntt 


Oj>er»tive Group 

^latenal Injected 

Number of 
Animals 

Days 

Postopera tiTC 

Pertent Ointc 
In PUtekti 

3 Hoon Afur 
Iniectwn 

Intact 

Adtcnal Cortex Extract 

16 


+4 ± xf 

Sham Adtenalcctomy 

Adrenal Cortex Extract 

10 

5 ” 

0 ± XI 

Acircoalcctornyf 

Adrenal Cortex Extract 

16 

! 4 5 

-17 ±X} 

AdfcnaJectomyt 

Adrenal Cortex Extract 

11 

io-4o 

-It ±31 

Sham Adrenalectomy 

Saline 

10 

5 7 13 


Adrenalectomy 

Sabnc 

7 

5 7 

-18*30 

Adrenalectomy 

Water 

6 1 

5 

+I ± 16 


* Mcinj »nd Jtsndird errors 

nifit *i£uificincly (p < o-oi by t test) lower than ah other mean values shosvn No 115 

mficant differences between any other two set, of means. 


mum rcducuon in hcmoglobm was 7 per cent below the prcinjection level, the 
mean for five animals being a fall of 4 per cent 

Hypophjisectomy 

Male Sprague-Dawlcy rats hypophysectomized at about x months of age weft 
o with serial platelet counts All counts made withm a three week period 

after hypophyscctomy were not included in analyzing the data, because of possible 
nonspecific effects on the platelet level of the operation itself As can be seen from 
fa c i, c average value for a group of platelet counts in xy hypophyscctomiz 
rats was significantly, although not strikingly, lower than the average for a 
group o 71 intact rats of the same sex, strain and approximate age 

™ -O the Colcnun Jr Spectrophotometer by the ilkshue henuun 
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The phenomenon of a reduction in platelet numbers following the admmistra- 
uon of adrenal cortex extract to adrcnalectomizcd rats might suggest the possibility 
of a similar change in h)poph)scctomizcd rats after 1 postoperative interval 
sufficient to permit adrenal atrophj No significant dilTcrcncc was noted, however, 
between the prcinjcction and three-hour postinjcction platelet counts of a group 
of 6 rats gixen subcutaneous adrenal cortex extract nxent) -eight days after hy- 
pophj’sectom} 


Table i, — Attract flattltt ralutt tn tntaci and hy^ofhys<ctomsx,<d rats 


1 

1 1 

Numbtf of Animals^ 

1 j 

' Number of Count* i 

1 

1 PlatcIeU/anm 

1 blood (X 1000) 

Intact 

1 

7> 

1 1 

188 

1 

1 989 ± 14 8 

Hypophyicctomiicd 

1 

47 

854efcl0 4t 


* Means and standard errors 

t Significantly lower than control mean Cp < o oi b) t test) 


Platelet 'Response to Splenectomy tn Intact and Hypophysectomtxcd Rats 

Of all types of surgery, splcncctom) is generally followed by the largest and most 
enduring postoperative elevations in the platelet count ** There is some evidence* 
that this phenomenon is due to removal of the large complement of reticulo- 
endothelial cells in the spleen, which may normally play a role in clearing platelets 
from the circulation An alternative explanation holds that the spleen normally 
exerts an inhibitory effect on platelet formation in the bone marrow, an activity 
quite clearly demonstrated by Dameshek and Miller"* in patients with essential 
thrombocytopenic purpura 

In contrast to the minimal reduction of the platelet count as a result of hypo- 
P yscctomy, the platelet response following splenectomy was found to be mark- 
y depressed m the hypophysectomizcd rat as compared with the effects of 
splenectomy in the intact rat * On the fifth and sixth day postsplencctomy in the 
ot erwise intact rat, maximum platelet levels were observed, representing per- 
centage increases roughly 100 per cent above the preoperative level At a similar in- 
after splenectomy in hypophysectomizcd rats, increases averaging about 
40 per cent were noted These data arc expressed in figures 3 and 4, in which each 
I»int plotted represents the calculated percentage difference between the platc- 
count in a given rat at the indicated postoperative level and the preoperative 
count in the same animal 

small number of intact and hypophysectomizcd rats, before and five days 
mc'hS autopsicd to provide marrow specimens exammed by the 

cjj described by Mayer and Ruzicka This technic permits the microscopic 
iuunation of a longitudinal section of the entire femoral bone marrow fixed in 

''ypophvLr ^ *'yp°pli)'sectoimjed rats were subjected to splencctoinj' at leist i month following 
d'ffaeoaTn°T^ , ^ ’P'“«c°m7 w« performed only eight da) s foUowmg hypophysettomy no 

■n the wn. ^ ‘ reiponsc was obterard m this group is compared with the results of splenectomy 

hypophytcetomiied animils 
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DAY POSTOPERATIVE 

Fio 3 — Platelet response to ipIcQcctomj iQ the intact rat each point represents the pcrccfltigccliii>p 
from the l«t preoperatiTc count in a pven rat 



IWY POSTOPERATIVE 


Fio 4 — Platelet response to splenectomy in previously hypophysectonured rats Each 
same ngnifirancc as in figure 3 




sini, and was thought to be the best method available for enumerating 
marrow elements of infrequent occurrence such as megakaryocytes The mega ary ^ 
cytes seen in lo high-diy fields Cntagnification 400 diameters) of each bone 
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row sccuon were counted, the results, recorded in table 3, indicate a significant 
reduction of megalvatyocytes in the hypophysectomized rat both before and after 
splenectomy , but no significant change in the number of megakaryocytes following 
splenectomy either in intact or hypophysectomized rats The failure to note quan- 
titative changes in megakaryocytes following splenectomy agrees with the ob- 
servations of Higgins and Stasney'* that marrow imprints made following splenec- 
tomy in otherwise intact rats revealed no significant increase in the number of 
megakaryocytes, despite a large postoperative rise in circulating platelets 
Inspection of megakaryocytes in Giemsa-staincd smears of the bone marrow of 
rats in the four categones cited above — intact and hypophysectomized, before and 
after splenectomy — revealed no qualitative morphologic diScrenccs in megakaryo- 
cytes, such as depression of platelet formation, absence of granulanty, and other 
changes of the type described by Dameshek and Mil let’ ° in idiopathic thrombo- 
cytopenic purpura of man 


Table 3 — Bom marroto tne^Mkmyocytes in hjpophystrtomixtd snd tniaa rats htfort and / days 

after spltmtsomy 



1 

RdatJOfl to 1 

SplcDCctomy 

Numbtr of Anltnalj' 

Nomber of 
Megakaryocytes* 

Intact 

Before 

e 

145 ±107 


After 

J 

141 ± 64 

Hypophysectomiiedt 

Before 

3 

98 ± 94 


After 

3 

75 ± 4-7 


* Nambcr per xo high ary fields Mcbos and srandard errors. 

t Both hypophyscccomircd means agmficaotly lower than either intact mean fp < o 01 by t 
tesO No significant difTcrence before or after splenectomy in cither group 


Other relevant observations included changes in the weight and histologic 
appearance of spleens removed from hypophysectomized rats As reported earlier 
by Perla-” hypophyscctomy is followed by a progressive reduction in spleen weight 
In the present study, the spleen/body-weight ratio in rats a month after hypophy- 
scctomy was found significantly lower than the same value in intact rats of cor- 
responding age Histologic changes in the spleens of hypophysectomized rats in- 
cluded the presence of fewer megakaryocytes in this tissue as well as in the bone 
marrow, and a reduction of mitotic activity in the germinal centers of lymphoid 
follicles A fuller account of the morphologic alterations in the spleen after hypo- 
physcctomy can be found in Pcrla s paper,'” which also desenbes hyperplasia of 
the germinal centers of splenic lymph follicles, and an increased number of mega- 
karyocytcs, both in spleen and bone marrow, in rats given extracts of dried beef 
pituitary 


Discussion 


The results described do not support the hypothesis that blood platelets arc 
influenced in any specific or significant way by the hormones of the pituitary or 
adrenal cortex The almost exact similarity in response of platelets to sham opera- 
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tion and to adrenalectomy would seem to confirm the suspicion that those reports 
describing large increases in platelets after adrenalectomy, were simply obserra 
tions of the well-known phenomenon of postoperative thrombocytosis seen after 


major surgery of almost any nature 

Of more positive interest, although difficult to relate to other findmgs, is the 
observation that the administration cither of adrenal cortex extract or physiologic 
saline is followed by a significant fall in platelets in the adrcnalectomized but not 
in the sham-op>crateid rat This finding, coupled with the failure of disullcd water 
to influence the platelets of adrcnalectomized rats, suggests a possible elccnolyte 
effect, although no further light can be thrown on this question with the data of 
the present study Whatever mechanism underlies this observation, the fact that it 
docs not occur in rats some weeks after hypophyscctomy suggests that it requires 
the absence, rather than a moderate relative functional insufficiency, of the adrenals 

Observations of platelet levels following hypophyscctomy, and the platelet 
rcspionsc to splenectomy of the hypwphyscctomizcd rat, raise some mterestmg ques- 
tions as to the equilibrium of production and removal rates which must govern the 
level of circnilaung platelets First, the small, if significant, decline in platelets 
in the hypiophyscctotmzcd rat, docs not by itself suggest any pttmary acaon of c 
pituitary on platelet levels Changes of this magnitude might be considered part 
of the picture of generalized tissue atrophy and loivcrcd tissue metabolism follow 
ing hypKophyscctomy, just as the reduction of megakaryocytes in the marrow is 


part of the picture of generalized marrow hypoplasia 
The marked reduction in the thrombocytosis following splenectomy m t « 
hypiophysectomized animal, however, suggests an additional possibilitv ' 
atrophy of the spleen which occurs after hypophyscctomy may qmte possi y 
indicate a reduced functional capacity of this organ, and perhaps other reu 
endothelial tissue, to remove platelets from the circulation With such a reducuM 
in level of both platelet-forming and platelet-removing potential, a new eq 
num in the level of circulating platelets might be estabhshed, which wo 
differ greatly from the level in the intact animal Sudden removal of a large com 
pioncnt of rcuculo-cndothelium, as by splenectomy, might then teinpo 
unmask the reduced production capacity (by eliminating the balanang a 
platelet removal), and permit its dctccuon in terms of a much depressea p 
response to splenectomy Such an explanation is of course not umquely det 
by the observed facts, but merely fits them with reasonable simplicity 


Summary 


Observations were made to investigate possible endocrine influences on^ 
platelets Adrenal cortex extract failed to influence the platelet 
rats, or rabbits Adrenalectomy and sham-adrenalectomy were followed y * 
idenucal platelet mcrcases in mice and rats Administrauon of 
extract, or physiologic saline, to adrenalectomized rats was followed y 
sistent fall in platelets not observed in sham-adrcnalcctomizcd rats, or 
administering distilled water to adrenalectomized rats Platelet lei els m ^ 
ph) scctomizcd rats were significantly lower than in unoperated controls P 
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tom) in h}’poph}scctomizcd rats was followed b> a maximum rise in platelets 
markcdl) lower than following splcncccom) in intact rats Bone-marrow mega- 
kar)oc)tcs in h)poph)scctomi2cd rats were significant!) fewer than in intact 
rats No changes in raegakar) oc\ cc number or raorpholog) appeared following 
splcncctom) either in intact or h) poph)SCCtomizcd rats 
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THE EFFECT OF HUMAN PLASMA TRANSFUSIONS ON THE FECAL 
UROBILINOGEN EXCRETION IN SICKLE CELL ANEMIA 

By Eugene Kaplan,* M D , and S Robert Lewis, M D 

I N 1938, Josephs''^ ^ reported a phenomenon occurring in children with hemo- 
lyac anemia fecal urobilinogen excretion was observed to decrease following 
either blood transfusions, plasma injections or injections of concentrates of hu- 
man or pig plasma These decreases were of variable degree, occurred within a 
week of treatment, and lasted up to three weeks Changes in the levels of red blood 
cells or hemoglobin were slight or absent Infection accompanied by erythro- 
blastosis appeared to interfere with this phenomenon Since the original report, 
dm observation has not been confirmed The present report deals with observa- 
tions on children with sickle cell anemia in which we have attempted to confirm 
and study further the presence of an ancihcmolj tie factor in plasma by means of 
fecal urobilinogen excretion 


Methods 

^•hJba^fn Dttermwaitfn 

UrobtUnogen wis dcccnnincd by the method of Watson The total feces for periods of two to 
four days were collected in candboard concaincrs ughtl> covered and stored in a rclrjgcrator The total 
ttool was then thorooghly muced with water and weighed To a 10 Gm sample was then added ^00 cc. 
distilled water 100 cc ferrons sulfate solution, aod 100 cc of 10 per cent sodium hydroiude The re 
"dtant mixture was then placed in the dark for at least one hour or until the sopematant soluuou 
•Reared relatively colorless Occasionally as m the ease of specimens with very high urobilinogen 
the supernatant fluid appeared distinctly yellow Then 50 cc. of filtrate of the onginal mix 
uirc was added to 2.5 cc. of zo per cent ferrous sulfate to which was then added zj cc of 10 per cent 
*udiuni hydroxide This mixture was placed in the dark for one half to one hour, at which time its 
*^^pciuatant fluid appeared relatively colorless Fifty cc of filtrate of the mixture to be used was then 
^^oved, placed into a separatory funnel and aadified with 5 cc glaaal acetic acid Extraction with 
loo cc. of petroleum ether was then performed no less rhan ten minatcs having been allowed for the 
*^^uial shaking The ether layer was then shaken with Ehrlich s aldehyde reagent followed by shaking 
^th saturated sodium acetate solution The propotttoa of Ehrlich s reagent to acetate solution was 
*®^tiincd at I to 3 This was repeated until no further color developed The total volume of colored 
*u otioa obtained was measured and the color read m a Klcti-Summcrson colonmcicr using a phenol 
wlfonphthalcin standard Calcolauon was performed as suggested by Watson Excretion was uniformly 
as mg urobilinogen per diem average 

Msiafois 


plasma used for therapy was whole plasma For the last 3 transfusions of the iz administered to 
aticnt 1 and for all the 4 transfusions administered to Patient V it was obtained from freshly drawn 
blood of the same blood group as the recipient It was always used within tivcJ vc hours All other 
^ Was derived from Red Cross dried pooled plasma reconstituted just pnor to administrauon 


Ffom ^ Depirtment of Pediatries New Yorlc University College of Medicine and the Children s 
. jj , ( Bcllcvnc Hospital New York City 
‘>^Wlcr Foundauon Fellow in Pediatnci 
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Obslbv ations os Control Surjects 

Urobilinogen determinations ucre made on a group of 10 control children, 
either normal or con\alcscent from some minor illness, and varying in age from i 
year to il jears Se\cn of these patients had two or more determinations The 
results conform closel) to those reported b) Tat, Greenwalt and Dameshek,’ who 
used the same technic in infants and children Urobilinogen excretion varied from 
2. mg to li mg per diem, the amount being roughly proportional to the age and 
weight of the subject When expressed as hemolytic index, or mg urobilinogen 
excretion for each 100 Gm estimated total hemoglobin, the resultant values arc 
markedly lower than those obsened in normal adults by Miller ct al and also 
by Watson '-* 


Observations on Sickle Cell Anemia Subjects 

Urobilinogen excretion was followed in 5 children with sickle cell anemia The 
seventy and manifestations of the disease were not unusual in these patients who 
were hospitalized specifically for purposes of this study The rate of urobilinogen 
excretion before treatment was at least 5 to 10 times that of the control group, the 
lowest levels being at least 75 mg per diem 

Apparent CoNnRMATioN or Josephs Hypothesis 

Decreases in urobilinogen excretion were observed in 3 out of 4 cases transfused 
with whole human plasma, and in 1 infant transfused with the whole blood 

C 4 st I, A M (Bellevue Hospital # 151257 46) a Negro boy aged 10 years was under intensive study 
for three years Since the age of 5 he had recurrent atucics of pain in his back and eitremiues and less 
frequent mild hemolytic crises He also had occasional attacks of moderately severe asthmatic bronchitis 
The spleen was not enlarged and charactensuc roentgenologic changes of chronic hcmolyuc anemia were 
present iQ his skull and phalanges 

Between October 1945 and April 1546 this patient received four plasma transfusions With the 
exception of the second one in which only 30 cc were given and following which stool collections were 
faulty, each of these was followed b> a 50 to 75 per cent decrease in urobilinogen excretion (6g i) The 
effect appeared within five days after treatment and lasted from two to four weeks There were no signih 
rant changes in the levels of hemoglobin red cells or serum bilirubin dunng this entire period 

Csst U W M. (Bellevue Hospital # X738X 48) a 10 year old Negro bo) was observed for two years 
f-htring the previous four years be had been hospitallacd elsewhere for annual attacks of abdominal pain 
weakness and icterus and treated with whole blood transfusions During the present study he renu incd 
free of such attacks and had occasional espisodes of acute sinusitis He had moderately severe anemia 
icterus and slight splenomegaly 

A single transfusion of human plasma was followed by a decrease in fecal urobilinogen excretion 
(fig 4) Pretransfusion excretion was relatively stable Followmg the transfusion urobilmogcn output 
decreased 40 per cent and slowly increased to previous levels dating the next three weeks 

III W D (Bellevue Hospital » 40130-44) a Negro boy aged 4 years had recurrent atucks of 
abdominal pun associated with pallor icterus and splenomegaly since i year of age 

A marked decrease in urobilinogen output followed a single transfusion of plasma \\ hercas excretion 
prior to transfusion fluctuated widely the decrease afterward was striking reaching levels of -o mg a 
■fay theprcvious low level wa 75 mg a day The effect appeared within 5 days and persisted during the 
B^t three weeks terminating suddenly when the patient developed a mild hemolytic crisis 
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Fio 1 — UioBiuKOQEN Excretion Case I A M Period I Vcracal axis indiatci urobilinogen 
excretion mg per day Note dccrcaied excretion following transfusions 

Cast IV C C CBellcvuc Hospital #x68i£-47) a Negro female aged i year was hospitalized repeatedly 
since 6 months of age because of recurrent pallor assoaated with mild respiratory infcctjons and required 
monthly blood transfusions Except for pallor ictcms and splenomegaly she was an alert well developed 
and nourished infant 

Urobilinogen excretion decreased 40 per cent following each of two transfusions of atrated whole 
blood This effect app*arcd v. ithin a few days after transfusion and gradually disappeared in the next two 
svccLs 



Fio X . — Ueodilinooen- EicxrnON Case I A M- Period II Vcrucal axis indicates mvhiliao ^ 
excretion mg per day Note Ci) ^^i^ablc effect following transfusions (x^spontincouscjclicvan 

It IS thus dear that in each of these 4 cases we were able to confinn theobserva 
tion of Josephs that the administration of plasma will induce a cemporar) 
in fecaJ urobilinogen excretion in sickle cell anemia This reduction was not, 
ever, accompanied by any rise in the levels of hemoglobin or erythrocytes 
possible significance will be discussed below 




3 — Ueobiunooen ExcuFnON Case I A M Peejod HI Verticil axis indicates urobilinogen 
Otcrction mg per day Note increased excretion following transfusions 

interesting features arose during this period There were cyclic tariations in 
nrobilinogen output which could not be related to season or infection and tserc not 
accompanied b) erythroblastosis There were also mild intermittent attacks of 
abdominal pain which could not be attributed to increased hemolysis In December 
1946, there occurred a sudden attack of obstructive jaundice SMth intense icterus, a 
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direct van den Bergh reaction and claj colored stools, this was associated with 
fever, leukocytosis, extreme erythroblastosis, and severe abdominal pain Ei 
ploratory laparotomy was considered but was not carried out because of ameliora 



JANUARY FEBRUARY MARCH 

Fro 4 — Ueobilinooen ExaiETioN Case II W M Vertical axis indicates urobilinofi^ 
mg per day Horirontal axis indicates dajs Note decreased excretion folIo\Mng transfusion 


tion of the symptoms The obstruction was attributed to biliar) 

been known to produce occlusion of the bile passages in sickle cell* an ot 


hemoIyT:ic anemias 


Of the greatest interest during this nventy month period of observation 


was the 
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change in the response to plasma transfusions Nine such transfusions were given 
during this period Benscen Ma) 1946 and Februar) 1947, four transfusions were 
given which produced Mrtuall) no change in urobilinogen output (fig i) In 



DECEMBER JANUARY 

Fio 5 — ^UiioBiuNooEN Eic«etion Case V R P Vertical axis indicates urobilinogen cictetion mg 
Ptr day Honiontal axis indicates days Note increased excretion following transfusion 

the succeeding period of one year (February 1947 to February 1948), five more 
transfusions were given Not only did these fail to decrease urobilinogen output 
but they actually produced the reverse effect — an increase in its excretion (fig 
3 ^ This, too, was not accompanied bj an) consistent change in the levels of 




THE EFFECT OF QUANTITATIVE AND QUALITATIVE PROTEIN DEH 
CIENCY ON BLOOD REGENERATION I WHITE BLOOD CELLS 

By K Guggenheim, M D , and Edith Buechler, M Sc 


T he level of dietary protein has been demonstrated by several investigators 
to be a factor in the regeneration of leukocytes and granulocytes The studies 
of Komberg ct al Wright and Skeggs* and of Daft- have shown, that diets of 
low protein content produce leukopenia and granulocytopenia, and that this ab- 
normality can be effectively corrected by the administration of proteins or of the 
ten essential ammo acids Wisslcr’ has noted, that protein depleted rabbits and 
rats exhibit a lowered granulocytic response following infection 

The studies outlined in this paper were carried out for the purpose of obtaining 
additional information concerning the effect of the level of dietary protein on the 
regeneration of leukocytes and granulocytes in protein depleted rats Furthermore, 
the speci&c effects of various food proteins on the production of leukocytes an 
granulocytes were studied 


Methods 


For the produCTiOD of Icukopeou male albioo rats within one week after weaning were fed a 
free basal diet which consisted of $i Gm natch 5 Gm olive oil and 4 Gm salt mixnirc 0 i mg 
mine hydrochloride 02. rag nboflavin o i mg pyndoxin 16 mg calaum pantothenate ° 

aad and 100 mg choline chloride per too Gm ration were incorporated into the diet Each rat rccei 
looIU vitamin A and 4 1 U vitamin D twice week!/ After being fed on this diet for two wccLsca ^ 
pcnia and granalopcnia were noted in about 75 percent of the animaJs Leukopenia was consi 
present when the white blood cells numbered 4000 or Jess cells per cu mm granulocytopenia w 
number of granulocytes amounted to ixoo or less per cu mm The granulocytopenia observed 
caused by secondary folic aad deficiency as 10 the expenments desenbed by Wnght and Skeggs ^ 
Daft * since additional supplcmcntaaon of the diet with this vitamm did not delay the 
the blood dyscrxsia The hematologic data obtained from 55 nonnaJ and lOo protein depleted rats sc 
at random arc listed m table i AVreac 

The Icuko- and granulocytopenic rats were used for the determination of the effectiveness 
levels of casein and of various food proteins on the producuon of white blood cells 

In order to test the effect of different levels of dicury protein the diets listed below were 0 *-5^ 

per 100 grams ration) 


Casein 
Rice starch 
Olive oil 
Sale mixture 


Cl 

3 

88 

5 

4 


C* 

6 

85 

5 

4 


c, 

Cu 

c« 

9 

81 

18 

73 

30 

€i 


These diets were supplemented with the above mentioned quantities of vitamins 


( \sxre oJcd egg 


In the experiments with qualitative protein dcfiacccy the following protein sources \ - . 

powder dried meat casein processed soya bean flour peanut meal maize flour wheat flour 0 ^ 

gelatin Egg powder dried meat soya bean flour and peanut meal wxrc fat-extracted The i 
fjTcparcd in the following manner the \anous protein sources were incorporated i n the protc ^ — 
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basal diet b) replacing an appropriate amount of starch so as to make the protein lc\cl of each diet 9Gm 
per 100 Gm ration 

Total white blood cell and granuloc) tc counts were made in the usual manner 
After the leuko- and granuloc) top-nic rats were placed on the experimental diets white blood cell 
and granuloc)tc counts were earned out on the fourth eighth and fifteenth days rcspcctisely As the 
numbers of leukocjtcs and granuloc)tcs after two weeks were almost the same as after one week, the 
figures of the latter count arc omitted 


Table i — Number of LeukoQtts and Cranutoc)tes sn Normal and Protein Depleted Rats 




Leukocytes 

Cranuloc> tes 

Number 

Per cent of 
Icukocj tes 

Normal 

Mean 

797 ° 

1510 

32- 


a 

1710 

1150 

10 6 


t 

368 

'55 

1 4 

Protein depleted 

Mean 

a4io 

1 ^ 9 ° 

5 ' 


a 

803 

165 

10 L 


€ 

0 

00 

i6 5 

I ^ ® 
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on the Other hand, which contained sufficient quantities of protein, caused m j 
four day period when given ad hhttum a considerable increase in white blood cells 
which reached the normal number after seven days feedmg In the observed de 
creases and increases of leukocytes, granulocytes participated to a greater degree 
than lymphocytes and monocytes, the average pertentage of granulocytes in total 
white blood cells decreased with C, from x8 to 15, it remained constant (30) ■witi 
C(, with Q and Cu slight increases were observed (from to 30 and from 30 tc 
34, rctspcctively) It seems, therefore, that granulocytes exhibit a greater scnsiuvitj 
to protein intake than lymphocytes and monocytes Statistical analysis of the 
changes in total white blood cells and granulocytes, observed after one week, 
showed that the casein levels of the four diets employed differed one from another 
to a highly significant degree (table 3) 


Table 3 —Statistical Analysis cf Chaniu tn Ltmhxytt and Grannlxyti Oorts Ohsentd sfta Ott R'bI 
^ Specifitd Diets PrehahtUty that the Dtfmrtas trt due t» Chsrat 


Diets compared 

Lenkocytes 

GftiiiilocTUt 

Cl vs C| 

0 Ot 

0 oi 

Cl vs Cl 

0 01 

0 01 

Cl vs Cii ad Ubitom 

0 01 

0 Ol 

C( vs C| 

0 01 

0 01 

Cb vs Ch ad libitum 

0 01 

0 01 

C| vs Cii ad libitum 

1 0 01 

1 0 01 

Cl, ad libitum vs C„ controlled 

0 01 

0 05 

Cl vs Cl, controlled 

0 01 

0 oi 

Cl, controlled vs Cm controlled 

0 or 

0 0 

Since the four above mentioned diets were offered ad hbttum, the rats receiving 
the protein low diets ate considerably less than those receiving Cu The food con- 


sumption of the rats fed Cj amounted to 60 per cent only of that of the rats givw> 
Ci3 The observed effect of the diets low in casein may, therefore, be due to protein 
deficiency or to calonc deficiency or to both protein and calonc deficiency 
order to investigate this question the following series of erpenments was con 
ducted One group of rats received Ci, with controlled intake, 1 e , an amount of 
ood as was consumed by Cj, a second group was fed a protein rich diet, conta^ 
ing 30 per cent casein (Cjo) also given with controlled intake These rats receiv , 
therefore, the same amount of calones as C, and the same quantity of protein as 
the rats which were allowed to eat Cu ad hbttum The results obtained and their 
statisncal treatment are shown in tables z and 3 

cables demonstrate that the increase in leukocyte and granulocyte coim 
obtained with C^, given in restneted amounts is considerably lower thm that 
o served with Cij offered ad Ithttum On the other hand, this diet prove * 
staustically significantly superior to Q, although there was no difference m t c 

caloric intake of these two groups Furthermore, the rats receiving C» m r«tn 

amoimu showed a similar response as those receiving the same quannt) of F®" 
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(Q, ad libitum), and a statistical!) significant!) superior response than those re- 
ceiving Cij in restricted amounts 

The latter observation suggests that the amount of protein eaten, and not its 
level in diet, is important for the regeneration of white blood cells The highl) 
significant difference in the response between C3 and Qs, given in restricted 
amounts, does not contradict this interpretation In caloric deficiency the organism 
IS forced to divert protein from ccll-s)nthesis to energ) production When the 
calonc suppl) is insufficient, it is immaterial to the caloric economy of the animal 
whether the restricted diet is rich or poor in protein The decisive role of the pro- 
tein intake for white cell regeneration is clearly shown b) a comparison of the 
increases reached b) Cu and C30, both given in restricted amounts Rats receiving 
Cjo exhibit a significant!) larger increase of white cells than those fed on the same 


Table ^ — The E0 ki on Inert au tn Leukocyte onJ Granulocytt Counts of Dttts CorUainin^ Various Frost ins 
at f ftr tint Ltrtl Gtrtn aJ tliisum to Prottsn Dt fitted Rats Means and Standard Errors 





Fourth day 



Eighth day 


Source of protein 

No 

of 

reu 

^eiffat 

Leukocyte* 

Gruolo 

cytci 

Weight, 

gram* 

Leukocytes 

Granulo- 

cj'tes 




Per cu 

nun 

Per cu.mm. 

Egg 

XX 

lodbo 4 

yjioetiyi 

i79o±i37 

xo±o 4 

430o±i88 

1880^:103 

Meit 

17 

io±i 0 

3L6od:I50 

I540±ii4 

i8±i I 

4iLo±i90 

1870^104 

Peanut 

'S 

i±o 8 

1350±107 

75O±i40 

4±i I 

198o±I94 

89o±ii4 

Soya 

2-3 

7±o 6 

iSoodiiyfi 

9oo±iio 

:4±o 8 

i870±j63 

85o±ix6 

Cajein 

13 

7±o 5 

ii4o±i6) 

4oo±3o 

I3±i 4 

i8io±140 

74»±737 

Wheat 

19 

3±o 7 

69o±i6l 

58o±u-4 

3d:o 8 

79o±i8i 

50o±156 

Gelaan 

19 

— i±o 6 

6xo±L39 

640^:110 

— idho 9 

fiiodelSi 

480^:105 

Mairc 

19 

i±o 7 

34o±i9o 

r30i±:io8 

lltl I 

5cx3±xo7 

34o±io5 


amounts of Cu It may, therefore, be concluded, that protein intake plays a deci- 
sive role in white blood cell regeneration, and that this effect is due to be masked 
>n a protein-high diet (Cia), when given in insufficient amounts 

The effect of qualitative protein deficiency on regeneration of white blood cells In our 
second senes of expenments the effects of vanous proteins C^ggi meat, peanut, 
soya, casein, wheat, gelatin, maize — fed ad libitum at 9 per cent level) on pro- 
duction of white blood cells in protein depleted rats were compared The results 
are shown in table 4 

It follows from table 4, that protein quality as well as quantity determines white 
blood cell regeneration Among the food proteins investigated the proteins of 
Egg and meat rank first Both are similar in this respect, and, given at 9 per cent 
^Evel, they exhibited an effect similar to that of casein fed at 18 per cent level 
Casein, peanut and soy bean protein rank next It is interesting to note, that pea- 
nut protein effects a similar degree of white blood cell regeneration as does soy 
bean and casein, despite is decidedly inferior effect on growth Gelatin, wheat 
and maize proteins arc the least effective for white blood cell regeneration as well 
aa in their growth promoting efficiency The reactions elicited by diets containing 
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9 per cent of these proteins are similar to those produced bp casein at 6 per con 
level 

Statistical treatment of the differences in mean increases of total white blooJ 
cells and of granulocytes, obtained after one week, revealed the following facts 
Total white blood cells Egg or meat vs each of the other protems tested differ 
ences highly significant (probability of the occurrence of the observed mean dif 
ference in a random sample i 100 or less) Peanut or casein or soya vs wheat or 
gelatine or maize differences highlj significant (probability i 100 or less) The 
differences within each of the three groups were not found to be signifiant 
Granulocytes Egg or meat vs each of the other protems difference highly sig 
nificant (probability I 100 or less) Peanut vs wheat difference significant (prob- 
ability I 2.0) Peanut vs gelatin or maize difference highly significant (prob- 
ability I i(X) or less) Soya vs wheat difference not significant Soya vs gelatin 
difference significant (probability i 2.0) Soya vs maize difference significant 


Table 5 — Vrr ctra ef Granulocytes and of Lymphocytes and Monocytes in Frosetn Deplaed Rots kJmotJ 


Source of protan 

Protein depicted 

Foorth day 

Gnuralo* 

cytes 

Lymph 0 
c>le9 

Granulo- 

cyte* 

Lympho- 

cyte* 

Egg 

3a 

£8 

44 

58 

Meat 

ap 

71 

38 

61 

Peanut 

aS 

n 

38 

64 

Soya 

53 


38 

£1 

Caseia 

^5 

75 

a8 

n 

Wheat 

30 

70 

43 

57 

Gelatin 

a 5 

75 

40 

60 

Maize 

a? 

71 

32- 

£8 


ElillilT 


GrunjJ^ 

cjtes 


40 

38 

35 

37 

3° 

•1° 

3^ 

35 


Ljtb^Ao- 

tyus 

fo 

(1 

«5 

fj 

70 

fo 

ft 

f5 


(probability 
vs maize 


:y I 100) Casein vs wheat or gelatin difference not sigm ^ 
difference significant (probability I 50) The difference wi me 
the three groups were not found to be significant . 

It IS noteworthy , that all proteins tested produced an increase 
which was accompanied by a relative decrease in lymphocytes an |(,(;rtcs 
Details are given in table 5 The data shovra in table 5 suggest to 

regenerate more quickly after protein feeding than lymphocytes an ^ 

These observations confirm the above mentioned fact that the 
granulocytes decreased with Q, remained constant with C« and mere 


ificant 


Casein 


DiscmssioN 


the re 


Our results demonstrate that protein deficient diets invariably impiri 
generation of white blocxl cells in protein-depleted rats Normal regcnc 
occur only when diets containing quantitatively and qualitatively opu^ protein 
teins are administered A diet, however, containing an optimal of 

(Cis), but given in restricted amounts, will not promote optimal regen 
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Icukocjtcs In this miskcd form of protein dcficicnc) food protein is utilized for 
cnergt , and is insufficient tlicreforc for purposes of cell s) nthesis A similar phenom- 
enon has alread) been described bj Kosterlitz and Campbell® stud) mg the effect 
of protein deficienc) on Iner c)toplism is well as in our studies’ on the effect of 
protein deficicnc) on the bacteriocidal properties and phagoc)tic activity of peri- 
toneal fluid 

The effect of various food proteins on regeneration of white blood cells corres- 
ponds, more or less, to their growth promoting efficienc) Only peanut protein 
seems to be an exception to this rule Its relative efficiency on white blood cell 
production was found to be greater than its growth promoting quality Since the 
amino acid composition of each protein determines its nutritive value and growth 
promoting efficienc) (Block and Mitchell'), it may be concluded, that, generally 
speaking, the same amino acid makeup is necessary for both white blood cell 
production and for growth Experiments designed to study this question further 
arc in progress 

Summary 

I The effect of diets, varying in quantity or quality of protein, on white blood 
cell regeneration was studied in leukopenic rats, the leukopenia having been in- 
duced by a protein-free diet 

1 Diets containing different amounts of casein (3, 6, 9 and 18 per cent, respec- 
tively), were fed ad Itbttum At the 3 per cent level, a further decrease occurred of 
white blood cells, whereas the other three diets initiated a regeneration of leuko- 
cytes, Its degree being more or less in proportion to the casein content 

3 In experiments with diets containing 18 and 30 per cent of casein, the amount 
of protein eaten and not its level in diet was the decisive factor in the regeneration 
of leukocytes The white blood cell regenerating effect of a diet containing an 
optimal level of protein, may be neutralized when given in restricted amounts 

4 Diets containing nutritionally inferior proteins, fed at 9 per cent level, also 
impaired normal regeneration of leukocytes The white blood cell regeneration 
afforded by the proteins investigated was found to increase in the following order 
maize, gelatin, wheat, casein, processed soya, peanut, meat, egg 

5 In white blood cell regeneration promoted by dietary protein, granulocytes 
were found to react to a greater degree than lymphocytes and monocytes 
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THE EFFECT OF QUANTITATIVE AND QUALITATIVE PROTEIN 
DEHCIENCY ON BLOOD REGENERATION H HEMOGLOBIN 

By Edith Bpecht.kr, M Sc , and K Guggenheim, M D 

S UFFICIENT evidence is present to indicate that the feeding of rats on a diet 
containing an inadequate amount of protein' ” or lacking one or more of the 
ten esscnual ammo aads'- (especially tryptophane,’ * ' ” lysmc*- ’ isoleu- 
cine,’“ histidine’ ” and phenylalanine*) will result in the development of a mild 
to moderate chronic anemia The problem of the comparative value of diets con 
taming different levels of protein or various commonly consumed dietary proteins 
for hematopoiesis is raised by the foregoing studies The present paper reports 
expenments with rats, designed to determine (i) the effect of various levels of 
dietary protein on hemoglobin regeneration m protem depleted rats, (i) the role 
played by various ammal and vegetable proteins m enhanang the rcgcncratioa 
of hemoglobin 

Methods 

For the prodacaon of jmemia male albino rau weighing 150-150 Gm were fed the protcin-fret laial 
diet described in the preceding paper** over a period of eight to ten wtelca Dnnng this nine the wag t 
of the rats decreased by i8 to 35 per cent and a moderate anemia developed The results of hemog 0 
determinauons of 50 normal and 100 protein depleted rats selected at random are shown in table 1 
The aneimc rats were used for the determinaaon of the effeenveness of different levels of casein 
various food proteins on the formaaon of hemoglobin 

The diets employed were the same as those desenbed in onr preceding paper 
Hemoglobin was dcccnnincd in the tail blood by using the aad hemann method 
After plaang the anemic raa on the cxpcrimcotal diets hemoglobin detemunaaons were cam 
on the iith and list days 

Results 

The effect of quantttattve protein deficiency on hemoglobin regeneration In the first p^ 
of our investigation, diets contaimng o, 3, 9, and 18 per cent casein, 
were given ad libitum to protein-depleted rats The results obtained after ten an 
twenty days are shown m table l 

The table demonstrates that weight recovery as well as hemoglobin 
non IS dependent on the protein content of the diet The protein-free diet 
a further decrease in weight and m hemoglobin concentration, protein low i ^ 
promote shght increases, whereas a diet with a sufficient level of casein 
quick recovery of weight and a considerable regenerauon of hemoglobin 
ucal analysis of the changes in hemoglobin concentration observed after 
weeks showed that the differences between the four diets employed are ig 
significant (table 3) ^ 

The differences obtained with the three protein diets arc due to tne J 
amounts of protein eaten and not to a dimimshed food intake with the low P ^ 
diets Contrary to the findings with young rats, described in our preceding pp- ’ 
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ni^c rats recci\ jng the Cj diet consumed as much food (about 15 grams per day) 
as those offered the C„ diet In order to test a possible effect that caloric restriction 


Tab 


u: 1 —Htnuihim CenttrJ ef tti BUiJ cf Nmnjl and cf Pnliin DiflrtrJ Ratj 


Normi] rats 


Protan depicted rats 


Mean 


Mean 


HetnoftlobjD Cm per 100 Gm 


14 4 
r ro 
o 31 


8 5 
I 37 
o 14 


Tajle 1, Ti, Eff M cf Chani„ ,n W„^h and tn Ccnccntraticn cf HcmciMin cf Dms Ccnlam.ng Varicas 
ff Catna Gtvtn tc Prctiin Diplacd Rats Meant and Standard Errers 


Levd ot caidn % 

loUke 

No of 
rau 

lltb day 

21st day 

height 

grmmi 

Hemoglobin % 

Hemoelobta 9; 

0 

3 

9 

18 

9 

18 

30 

ad Iibicam 
ad libitum 
ad libitum 
ad libitum 
Controlled 
Controlled 
Controlled 

Zl 

li 

15 

1 M 

11 

M 

II 

— iiehl 3 
+ i±i 5 

+ii±i a 
+i6±a 8 
+ ti±a I 

+ ia±3 a 
— i±a a 

— 0 5i:o 30 
+0 3±o 30 
+0 6±o ao 
+ 1 7±o 18 
+ 1 o±o a3 
+ t 4 ±o 35 
“Hi Irfco 46 

— aaebi J ^ — t jefco 50 
+6±a I 1 +0 3dbo a7 
+ 43db4 7 +i 4zi:o 18 
+5i±6 8 1 +a a±o ii 
+aa±3 6 +i 3±o ai 
+a6±a 9 1 +a o±o 43 
— 4±4 6 1 +i 4±o 30 


Tabu 

^ aft ^^Ti^tsi ‘f Cbanpts tn Wetgbt and tn Ccncintraticn cf Htmcglcbtn Obstmd 

Weeks cn Sptctfitd D,nt Prcbabtlttj that tbt Dtgennttt Art dm tc Chang 

Diclj comjjared 


Protan free v, C, ad hbitum 
otan free vs C| ad Iibitnm 
r libitnm 

C a C, ad hbirntn 

C a^etamv. C., ad Iibtmm 

’ ‘‘^rnm vs Q, ad Itbitum 


Weight 


o 01 
o oz 

O OX 

o oz 
o oz 


Hemoglobin 


o 01 
o 01 
o oz 
o 01 
o oz 


r’ vs C, controUed 



'* vs C.. eontroUed 

0 01 

0 7 

0 7 

controlled vs C„ controlled 

v« Cx controUed I 

0 0 

0 0 

0 3 

0 or 


'l'tantiti«' scries of rats our diets Cj and Qj, which were given in 

^ood catSr™!? -Ir, t c , 9 grams per daj , of the amount of 

tv en offered atl hbtttem As maj be seen from tables z and 3 this dictarj 
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rcgimcfl, although retarding weight recovery, elicited a similar response in hemo- 
globin regeneration as the same diets when given ad Itbttum It seems, therefore, 
that m caloric deficiency the body utilizes dietary protein first for hemoglobin 
formation, which evidently has a priority over weight recovery 

In a third experiment, protcin-dcplctcd rats were given a 30 per cent casein diet, 
also in controlled amounts These animals received, therefore, the same quantity 
of protein as those given Qg ad Itbttum and the same amount of calories as the rats 
fed on C18 in restricted amounts Table shows a marked increase in hemoglobin 
concentration, whereas the effect on weight recovery proved to be deleterious It 
may be that such an ill-balanced diet causes serious disturbances in the protein 
economy of the body, leading to the observed phenomena Further studies in this 


Table 4 — Tht Effett of Change tn Wetgbt and in ConctnSratten oj HtmogUhm oj Dttts CiotatotM^ 
Various Proteins at f percent tavel, Given in Controlled Amounts to Protein Depleted Kats 

Means and Standard Errors 


Source of protdn 

No of 

nU 

11th diy 

21st day 

Weight ' 

grama ^ 

1 

Hemogfobln % ' 

height, 

gnms 

HrniogiobuL % 

Egg 

It 

1 

7 1 

-l-t i±o X7 

-hi9±i 3 

4-1 4 ±o 

Meat 

II 

9 

+ 1 i±o 31 

-hi 7 ±J- 3 

-hx i±o 30 

Soya 

1 

-f- 9 ±i 7 

+0 5±o iS 

-hi5±x X 

-hi o±o 3 S 

Cateiu 

, IL 

-l-ti±t I 

-hi o±o 13 

' -hxx±3 6 

4-1 s±o XI 

Peanut 

1 

-fail X 

-fo 3±o 17 

-h 3 ±x 4 

4-1 3±o 39 

Maize 

IL 

— li;0 8 

4-0 74=0 

-hiix I 

4-1 3 ±o 31 

Wheat 

to 

1 -I- 4 ±t t 

-ho i±o 37 

-t±o 9 

+0 4^0 57 

Gelatin 

M 

-i6±x 7 

— 0 x±o 11 

-X 9±3 6 

j —0 5±o 35 


direction arc in progress Comparing the effect of this diet to those of Cu, given 
either ad Itbttum or in restricted amounts, it will be seen from table 3, that Cm 
given in restneted amounts causes a smaller increase of hemoglobin concentration 
than Cig, the difference between Qo and Cjs given ad Itbttum, however, was foun 
to be statistically significant, thus again showing that restriction of the amount 
of food pirotein interferes more seriously with the regeneration of hemoglobin t an 
restriction of calorics , 

Tht effect of qualttattve pratetn defictency on hemoglobtn regeneratton In thcsecon 
part of our study the effects of various food proteins Q:gg, meat, processed soya, 
casein, peanut, maize, wheat, gelatin) on hemoglobin regeneration were com 
pared ^cause the rats receiving gelatin, peanut, wheat and maize proteins^ 
considerably less than those receiving the other proteins, the food intake^o 
rats was equalized and restricted to 9 grams per day The results obtainc 
ten and twenty days arc tabulated in table 4 j a- c 

As can be seen from table 4, the different food proteins tested exert di e 
effects on hemoglobin formation The most effective proteins are those 0 
meat and soya, in three weeks they elicit an increase of 2. per cent or more in 
globin concentration and at 9 per cent level they arc as effective as casein at 
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per cent le\cl Casein, peanut and maize proteins rinlv next With these proteins 
increases of i 3 to i 5 per cent \serc ohsersed The least efficacious proteins were 
found to be those of wheat and gelatin The) cause a negligible increase onl) and 
sometimes a decrease in hemoglobin concentration The effects of the various food 
proteins on hemoglobin regeneration correspond, more or less, to their effects on 
weight rccoscr) Onl) casein and so)a represent exceptions, the former was found 
to be more potent in promoting weight recover) than hemopoiesis whereas so)a 
protein was found to be more efficient with respect to hemoglobin formation than 
in Its weight regaining capacit) 

Discussion 

The foregoing results indicate that diets containing insufficient amounts of pro- 
tein will not support normal weight recovery and hemoglobin regeneration in 


Table 5 -Tht Utlarne Valutj e{ Vartout FeeJ Pretttns fer R/itntrat/trt ef Heme^hb/n and of Granulocytes, 

Proteins Assumed to he too 


j 

1 RegeBCTtlion of 

Source of protein | 



Hemoglobin 

Granulocytes 

Egg 

100 

100 

Meat 

Soya 

Caaan 

Peaoat 

Maize j 

Wheat j 

Gtlaun j 

91- 

53 

61 

54 

54 

17 

-LI 

99 

45 

39 

47 

18 

1-7 

16 


protein-depleted anemic rats Furthermore, low caloric intake, sufficient to sup- 
press normal weight recovery, causes no reduction m the formation of hemo- 
globin These findings confirm those of other authors made with different experi- 
mental technics Albanese ct al ,‘ who fed normal rats on low caloric diet suffici- 
ent to inhibit growth, did not observe a reduction of hemoglobin concentration 
Vhipplc'i anj Whipple, Miller and Robschcit-Robbins'^ studying hemoglobin 
mgeneration in dogs made anemic by the withdrawal of blood, concluded that 
emoglobin stands apart in the protein economy of the bod) in that it docs not 
eontributc freely to the protein pool, as do other tissue proteins Under conditions 
nf protein fasting the body will give up large amounts of protein from its organs 
ro produce hemoglobin, which has a priority over the tissue and organ proteins 
The comparative value of dietary proteins for hemopoiesis in the rat has already 
rcn studied with some proteins by Orten and Orten ” At an 18 per cent protein 
''m, casein, lactalbumin, dried skim milk, and a mixture of dried skim milk and 
ric beef blood proved to be of about the same value, both for hemoglobin main- 
mnance m the growing rat and for hemoglobin regeneration in the adult animal 
^ other hand, dried beef blood proteins were found to be inferior In our c\- 
P^timents in which the different proteins were fed at 9 per cent Icicl we found 
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considerable differences in the hematopoietic values of the eight proteins inran 
gated 

The nutritive value of each protein tested is not the same for production of hemo- 
globin and of granulocytes, as can be seen by comparmg the results of the present 
two studies Assuming the relative value of egg proteins, as obtamed after three 
•weeks for hemoglobin and after one week for production of granulocytes, to be 
ICO, the relative values of the proteins tested can be seen in table 5 

It follows from table 5, that the nntnuonal values of casein and soya and maize 
proteins arc considerably higher for hemoglobin formation than for producuon 
of granulocytes, whereas those of wheat protein and gelatm are much lower 


Summary 

I The effect of diets, varying in quantity or quality of protein, on hemopoiesis 
was studied in protein depleted and anemic adult rats 

z In experiments with diets containing different amounts of casein (o, 3, 9 and 
18 per cent, respectively), and fed ad Ubttum, it was found that with a protein free 
diet a further decrease of hemoglohin occurred, whereas the other three diets 
initiated a regeneration of hemoglobin, its degree being more or less proportion 
to the casein content 

3 In expenments, in which diets with 9 and 18 per cent of casein, respectively, 
were given in restneted amounts, it was found that the degree of hemoglo m 
formauon was similar to that with the same diets when given ad libitum, whmas 
the weight gam was considerably less It is concluded, therefore, that in calonc 
deficiency hemoglobm formation has a pnonty over weight recovery 

4 A diet containing 30 per cent casein and given in restneted amounts m a 

a further weight loss, whereas the concentration of hemoglobin showed a m^ 
increase Comparing the results obtained by this diet ■with those observed wi 
per cent casein diets, given either ad libttum or m controlled amounts, itvvas 
dent that restnction of the quantity of food protein interferes more senous y 
hemopoiesis than restnction of caloncs . 

5 Diets containing nutntionally infenor proteins fed at 9 per cent eve , 
impaired normal hemopoiesis Hemoglobin regeneration mduced by the prot ^ 
investigated was found to decrease in the followmg order eggs, meat, proces 

soya, casein, peanut, maize, wheat, gelatin of hemo- 

6 Companng the nutntive value of vanous proteins for regeneraoon 
globin and of granulocytes it was found, that casein and soya and maize p 
are considerably more efficient for hemoglobin formation than for pro u 
granulocytes, whereas wheat protein and gelatin have a higher granuloc) topo 
capacity 
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hypoplastic anemia due to atabrine 


B) Axpred P Fishman, M D , and J Murray Kinsman, M D 

I T IS the purpose of this paper to present the clinical picture which ma) follow 
the prolonged ingestion of atabrine This picture is charactcnzcd by a severe 
anemia which may or may not be associated with a charactcnstic dennautis The 
dermatitis has been previously described^'*, the anemia warrants further considcra 
tion Custer,^ basing his conclusions on an analysis of biops} and antops) matcnal 
forwarded from the southwest Pacific to the Army Institute of Pathologj, indi 
cated atabrine as the agent responsible for the production of the hypoplastic 
anemia in the eases he reviewed His report, based on pathologic data, by its very 
nature stresses the gravity and the poor prognosis of the illness However, onr 
eicpcrience indicates that a more optimistic approach is warranted We arc report 
mg the pertinent data regarding 7 patients who developed anemia following the 
prolonged ingestion of atabrine for malarial suppression while serving m the 
southwest Pacific area Four suffered a concomitant dermatitis 0 
jority recovered This group of patients illustrates the course and prognosis 0 
hypoplastic anemia due to atabrine 

Hypoplastic anemia indicates a disorder of the bone marrow characterize by 
diminished hematopoiesis The anemia fails to respond to the usual methods 0 
therapy other than whole blood transfusion The degree of anemia is vana e, 
leukopenia and granulocytopenia arc invariably present Thrombocytopenia is 
usually marked and is responsible for hemorrhagic phenomena The bone marrow 
varies histologically in architecture, degree of cellulanty and maturity 

CijNicAi, Material 

Seven patients with hypoplastic ( refractory } anemia were admitted to 00 
General Hospital, a tropical disease center In each instance the anemia wm s 
severe as to require frequent transfusions of whole blood Each patient ex _ 
hemorrhagic phenomena All had spent several months in the sou^west « 
area, but their military itineraries within the area showed little 
i had served in the jungles One was a nurse, one a Medical Officer, and t 
were enlisted men in combat units Six were white and one was a 
taken atabnne for many months Final hospitalization was occasion ^ 
development of symptoms of anemia in two instances, the appearance 
crruption in four, and diarrhea and acute otitis media in one Details arc presen 
in table i 


Etiology ^ 

It is indicated in table I, that 4 of the 7 patients were hospitalized 
dermatitis This was cither of a lichenoid (fig i) or an cczcmatoid type t 
established that these lesions, as seen in patients from the Pacific area, arc 

From the Medical S tmcc Moore General Hospital Swannanoa N C 

970 
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b) prolonged atabrinc thcrapj ' ® This form of dermatitis was not observed in 
nati\es or hue residents w ho had ne%er taken atabrine Moreover, the dermatitis 
ceased to progress or disappeared entire!) after atabrine \%as discontinued In 
case I of this senes (fig x), both dermatitis and a mild anemia appeared while the 
patient ^^as in the southwest Pacific area Upon his return to the United States he 

Table i Htslcrj p/ AnlKtJtrt Dru^ arj Primary Ktasen far Hoipilalt^alton tn 7 Cmus of 

RtfraAcTj Artmta 


CaK 


Atabnnc hi5tor> 


Reason for final ^ Other drugs pnor to 
faospitaluaton | onset ol Anemia 


I— NL 33 

infantr} man 


i-M. W 
infantryman 

3-M. W i6 
infantryman 


4-M. 

W 

37 

inechatuc 


5-F 

V 

iS 


nurse 


6-M w 47 
medical officer 


7-^ C 3x 

infantryman 


o 1 Gm dail) for 7 mos none for 
1 1 i mos except for x courses of 5 
and 7 da)s each then 01 Gm 
dail} for 3 mos uhen anemia ap | 
pcared I 

Q 1 Gra duly for 14 raos \ hen dcr ’ 
matms appeared 6 weeks later 1 
anemia first discovered | 

ax Gm dail) for 4 raos none for a 
mos o I Gm dail) for 6 mos 
none for 8 mos o i Gm dailj for j 
xj mos 6 v\ccks later anemia first ^ 
discovered 

o I Gm daily for ii mos Discon 
anued because of dermauus 3 ^ 
mos before dececaon of anemia I 
o I Gm dail) for 18 mos Oiscoo 
anued because of derraaans i 
mo before dececaon of anemia 
o I Gra daily for 11 mos Discon ^ 
anued upon evacuaaon to U S ' 
7 da) s before dececaon of anemia . 


o I Gm daily for 8 raos Discon 
anued because of dermaaas i rao 
before dececaon of anemia 


Anemia 


Dcrmantis (lichen 
planus) 

Anemia 


Dermatitis (lichen 
planus) 

Dermaaas 

Recurrent diarrhea 
cause undetcr 
mined and acute 
Cans Media 


Dermanas 


Sulfadiazine 18 
raos and pern 
aJlin IX mos 
prcviousi) 

None 

None 


None 

Pemollin 

Sulfadiazine 6 Gnx 
daily for 5 days 
(4 mos before 
admission). Car 
barsone i 5 Gm 
for I da) (4 mos 
before admis 
Sion) 

None 


J’scontinucd taking atabrine and both the anemia and the dermatitis disappeared 
while still in the United States, he resumed atabrine medication for the 
^uppression and treatment of recurrent malarial attacks a sesere anemia and 
dermatitis resulted The anemia was ameliorated and the dermatitis impro%ed b) 
'^continuing atabrine 

It should be emphasized that the duration of atabrine therap) appeared to be 
'nc determining factor Rxpenence with the atabrine dermatitidcs demonstrates 
' the drug must be ingested for comparatiseh long penods of time to produce 
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the eruption In experiments which were done to reproduce the skin lesions it wis 
found that they recurred only after the drug had been taken for several weeks ‘ 
In all 7 cases reported here, the patients had taken the drug for many months 
The effect of the drug has been ascribed to idiosyncrasy, in an experimental study 





FlO I CoKCOMlTANT (LjcHENOId) DtaUATITlS 

by Parmer® no correlation could be established between the 

atabrine in the various blood cells and the cells predominantly afreet y 

hypoplastic anemia 

Clinical and Hematologic Data 

In table the cbmeal and hematologic data are tabulated It will be noted th 
each instance anemia was present at the time of original examination, 
usually severe, although in one case Cease 5) it was mild The color in ex 



PREVIOUS 

CASE I jHOSPITAUZATIONS i PRESENT ADMISSION 
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usually above one Macrocj tosis was the rule The volume of packed cells (hemi 
toent) was uniformly low Leukopenia was invariably present with the poly 
morphonuclear percentage usually low The thrombocytes were always bclor 


Table z, — Cltmcal and Hcmaiehiu StatMS 


1 




fiDitJal Bemoprain 



BoncDUiTOT 

CmM 

Symptomi of bone j 
marrow elteratjon 








RBC 

Hpb 1 
(Sahb) ' 

Cell 

\oi 

W'BC 

P 

Platelets 

ReUci 1 

eirlr Id dbtiM 



mtit 




% 


% 

Absence of 

I 

WcaLncjs diza 

X 94 

56 

X 4 

3.50° 

58 

35.000 

0 1 


ness headaches. 





1 

mcgiLiiy 


Hemorrhages 
from gums 

throat nose 

' 1 

1 



1 



1 

ocytes 

Normal 

L 

Dyspnea on exer 

I IS 

xy 

>3 

3.450 

3 X 

X5.900 

1 3 


non tach)car 
dia ^^eakoess 
Hemorrhages in 


1 



1 




3 

renna 

Dizziness weak 

1 

, ^ 15 

60 


3.500 

45 

18,500 

0 X ! 

HypoccUnUr, 


ness biarnng of 
i Msion Hcraor 








mejaUry 


rhages from 

1 gums and throat' 
and into skio 

1 







ocyte 


and renna hem 









4 

acuna 

Faagabilit>, pares 

I 83 

4 x 

17 

! 

1.750 

38 

17,000 

0 9 

Absence 

megatjrjr 


thesias of hands 

1 and feet tachy 
cardia palpita 
non Hcraor 

rhages from nose 
and into renna 



1 

i 

1 

! 

1 

1 

0 7 

Marked dc 
pressioo nf 

s 

Weakness dyspnea 

4 I 

80 

— 

4.750 


19,000 


on cxcruon 








cfcBCO” 


tachycardia 
Hemorrhages 
into skin and 










renna 





! 

10,000 


Normal 

6 

Hemorrhages into | 

X 47 

46 

LI 

3 xoo 

54 1 

^ ^ 1 


skin and mucous 




1 

1 


1 


7 

membranes 
S>ncopc sioman 1 

1 

'1 

19 1 

1 

x.oyoj 

IT. j 

13.000 

__ 1 

Noi done 


ns Hemorrhages' 
' from gums j 

1 ^ 91 I 

1 

1 

1 

1 

1 

1 


j 


— 


40,000 per cu mm With one exception, the reticulocy te count was ess ^ 
cent, this patient recovered rapidly Bone marrow studies w ere done 
in 2. the examinatidn was found to be normal, in x normal except 
of megakaryocytes, and in x there was marked hypoplasia of all e cm 
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In addition to the data incorporated in table l, certain additional information is 
a\ailablc Fc\cr was in\ariabl) present but was usually not marked The spleen 
^^as barcl) palpable in onl) one instance, the lymph nodes were enlarged in two 
patients and at autopsj were described as hemoljmph nodes In only one patient 
Mas the coagulation time prolonged but the bleeding time was always prolonged 
The tourniquet test was positne in all cases at the height of the illness In every 
instance there was defectne clot retraction There was no evidence of increased 


Table 3 — Thnapj anJ Otnual Ccurse 


C. t 

Therapi 

Clmical Course 

Outcome 

1 1 

1 

Transfusions diet Ii\cr mash 
liver extract orallj and h)po 

1 dermicallj folic acid iron 

Frequent hemorrhages from gums 
throat and nose gradually dccreas 
log SIo\s but steady improvement 

Recovered 

1 

1 Transfusions diet Incr extract 
orall) and h) podcrmicall) iron 

1 

Moderate steady rcticulocytosis per 
sisung when racdicatJOD was discon 
tinued 

Recovered 

3 

Transfusions diet li\cr extract | 
1 orall} and h) podcrmicall) iron 
sternal raarrou transplant 

; Frequent hemorrhages from gums and 

1 throat which became uncontroll 

j able hematuria purpura 

Died 

4 

1 

Tnnsfasions diet, liver exuict 
orally and hypoderimc»ll> iron 
ascorbic acid hypodermically 

j No response for a long time Later rctic 
j ulocytosis to 10 % following liver in 
tramuscularly and maintained by hver 
mash by mouth Then gradual ira 
provcmcDt temporarily interrupted 
by homologous serum jaaodice 

Recovered 

5 

1 Transfusions diet liver extract 
orally and hypodermically iron 
pemcillin 

Gradual improvement Slow rcaculo- 
cyte response not related to therapy 

Recovered 

6 1 

1 

Transfusions diet Iner extract 
hypodcrmicall) 

f 

Persistently downhill in spite of trans 
fusions Death following mastoidiasi 
and acute cndocardms CP^rsicolonj 
baallus) j 

Died 

7 

Transfusions diet liNcr extract ( 
hypodermically penicillin pyri . 
doxinc 

Hemorrhages stopped after first trans j 
fusion but no change in leukocy tc or 
platelet deficiency Death from staph i 
albus Chcraolytic) scpuccmia 

Died 


* Diet Highlncr high carbohydrate high protein high Mtanun Iron Ferrous sulfate orally 


hemolysis In 6 patients, gastric analysis was done and in no case was achlorh) dria 
demonstrated 

In 4 patients, a skin eruption was present when the anemia was first detected 
One patient was onginall) hospitalized because of severe diarrhea and acute 
ntitis media but hemorrhagic phenomena quickl) supers cned and became the 
predominant symptom 

Therapy and Clinical Course 

The broad outlines of the therapeutic program and the clinical course arc sum 
■narized m table 3 Four of the 7 cases cscntuall) recovered and 3 died 2. of the 
caths w ere attributed to intcrcurrcnt infection and one to uncontrollable bleeding 
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™ I? of blood were necessary to ude the patient over the 

acute phase of the disease No other therapeutic measure afforded relief from the 
manifestations of bone marrow depression Figure x is a reproduction of the course 
a xr ^ measures and their hematologic effects are graphicallr 

I»rtray^ None of the therapeuuc agents seemed to influence the course of the 
Illness Whole blood administration, when cffecuvc, was onlj transiently paUu 


e me anism of bone marrow depression bj atabnne is complicated by the 
emonstrauon that atabrine may remain in body tissues after the drug has been 
iscontinu Consequently, two factors may cause development of the hypo- 
p asac manerw due to atabnne (i) the initial cumulative depression due to 
ngwtion o the drug and (x) the perpetuation of the depression by residual stores 
o ™g within the body Recovery is spontaneous and gradual, apparently 

uninfluenced by medication 6 . / 


SxTMMAa.Y 

Seven patients with severe hypoplasuc ancima were studied at an army Tropical 
iseasc ter Four of the 7 patients had concomitant dcrmatias The relation 
s p 0 e prolonged administration of atabnne to the anemia and dermatitis is 
presente A hematologic remission could not be induced by specific therapeutic 
measures Four of the 7 cases recovered spontaneously 

ACai^OUXEDGMENT 

s d indebted to Miss M2ty Bo)d for her painstaking supervision of the hematologic 
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INFLUENCE OF HBRINOGEN CONCENTRATION UPON PLASMA 
PROTHROMBIN TIME 

B_> Murray Weiner, M D , and Shepard Shapiro, M D 

E stimation of the prothrombin time of ^\holc and diluted (ii 5 per cent) 
plasma has been shown to have advantages over the usual one-stage procedure 
in which whole plasma alone is employed Recently, Deutsch and Gerarde 
indicated that the prothrombin time of diluted plasma may be influenced b) varia- 
tions in the fibrinogen level - Their study was on rabbit plasma In the present 
communication, data arc given concerning the fibrinogen concentration in human 
plasma in the presence of changes in diluted (ii 5 per cent) plasma prothrombin 
time 

The following studies were made Simultaneous estimation of prothrombin time 
and fibrinogen concentration of plasma in (i) normal subjects, (i) cases of hyper- 
prothrombinemia,’ * (3) cases of hypoprothrombinemia 

Methods 

Estimation of the prothrombin time was made by the procedure previously de 
senbed '* Fibrinogen concentration was established by determination of the nitro- 
gen content of plasma before and after the contained fibnnogen was coagulated and 
removed according to the method described by Peters and Van Slyke, modified for 
nucrokjcldahl technic 


Results 


In the tables given below, the prothrombin time of the diluted (12. 5 per cent) 
plasma is given in seconds The normal standard is 39 5 seconds, standard deviation 
ia. 5 (The whole plasma prothrombin time plays no part in the present discus- 
sion ) The fibnnogen values are given in milligrams per 100 ml 
Figure I IS a scatter diagram of 76 simultaneous determinations of plasma fibnno- 
gen and diluted plasma (ix 5 per cent) prothrombin ume There is no correlation 
between the two 

"Falle j In 4 normal persons, simultaneous prothrombin time and fibnnogen esti- 
mations were made The prothrombin time was normal in each case The fibnnogen 
Values also were normal In 3 cases of spontaneous hypcrprothrombinemia, the 
fibnnogen results were within the normal range 
Fable 2 Normal persons and cases of liver disease were given large doses of syn- 
thetic vitamin K intravenously Each type of response is represented Prothrombin 
time unchanged, reduced, or increased All of the fibnnogen values were within 
normal limits and no parallelism was observed between the shift in the prothrombin 
time and the fibnnogen levels 


From the Thud Q^cw York Univertityl Division Goldwatcr Mcmonal Hospital Welfare Island 
^ >nd the Department of Median- New ^orkUmsersity College of M-diane 
Aided by a grant from the Blood Transfusion Assoaation of Greater New hork 
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Discussion 

The study was made in normal, hyperprothrombmemic (both spontaneous and 
induced) and hypoprothrombinemic bloods Correlation between fibrinogen con 
Generation and variations in prothrombin time is strikingly lacking All thefibnn 
ogen values are within the normal range while the prothrombin times extend 



nuJ prolonged Chypoprothrombincmia) and reduced (hyperprothrorabincraia) 


Table i — Stmultanttus Tktirmtn^ttns of Flasma F thrtno^tn and Dilattd C/a 1%) F^aima 
Prttinmbm Time in 4 Normal Subjtas and in } Cain of Hypirprltbrtmbininiia 


Cmc 

Prothrombin Time 

Fibrinottn 

A NormaJ subject 

3CC 

43. 4 

fir loom 

410 

B Normal subject 

40 0 

310 

C Normal subject 

37 8 


D Normal subject 

39 8 

105 

E. Spontaneous hypcrprothrombincraia 

31 8 

450 

F Spontaneous hypcrprothrorabincmia 

}i 8 

33 ° 

G Spontaneous hj perprothrombiccmia 

35 4 

430 


throughout the gamut of normal, increased and reduced activit) Especia ) 
structivc is the contrast between Case H and Case J In the former, the 
thrombin time estimations remained within the normal range despite an 
in fibrinogen content from 1-4610609 mg pcric»ml plasma In Case J, a sigm 
prolongation of prothrombin time occurred simultaneous!) with elevations 
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fibnnogcn values from 140 (at which time, the prothrombin time was normal) to 
410 mg , when it was definitely at a hypoprothrombincmia level Case I is likewise 
noteworth) , because in it, the fibrinogen concentration showed practically no 

Table — Sjmultareoas Vktirmtnattens af Plasma FxBrwa^ttt and Diluted (^12 Protlramhtn 


Time after Vitamin K 


Descnpllon ol Cases 

Days 

Prothrombin 

Time 

Fibrinogen 

Case H Normal subject Prothrombin time unchanged after 

I 

sec 

40 8 

mim fer 100 ml 

3 “ 

vitamin K Variations in fibnnogcn values marked 

X 

44 0 


3 

41 8 

X46 


4 

39 4 

605 

Case I Normal subject Prothrombin arac reduced following 

r 

41 4 

410 

vitamin IC Fibnnogcn values relatively constant 

X 

3 

35 ^ 

400 


5 

31 8 

450 

Case] Hepatic arrhosis Posiavc vitamin K tolerance test ® 

1 

45 8 

XIO 

Prothrombin nmc incrcised following vitamin K. Rbnnogen 

X 

40 4 

X40 

values tnertased when prothrombin nmc prolonged 

3 

41 9 

360 

4 

48 0 

340 


5 

52. 0 

4x0 

Cast'K Hcpauc arrhosis Prothrombin amc initially prolonged 

I 

53 6 

300 

and temporarily reduced following vitamin K. Fibnnogcn 

X 

34 8 

430 

Values not increased when prothrombin time reduced 

3 

41 8 

400 

4 

32. 0 

310 

Cast L. Hepatic arrhosis. Positive vitamin K tolerance test 

I 

49 ° 

x6o 

Fibnnogcn concentraaon not reduced on day prothrombin 

X 

42. 4 

X40 

time prolonged 

3 

41 0 

X03 


4 

64 9 

2.50 

Case M Hepatic arrhosis No corrclaaon of increased pro- 

I 

42. 4 

310 

thrombin time with reduced fibnnogcn concentration 

X 

5 ^ 4 

CO 

0 


3 

46 X 

300 


4 

54 1 

370 


5 

49 

X40 


* Seventy six mg of synthetic vitamin K (1 mcthjl i 4 naphthohjdroquinonc diphosphonc 
acid ester tetrasodium salt [Synkayvite]) \sas given intra\enously on each of the first four days 
Blood for prothrombin time and fibnnogcn estimation was withdrawn each day before admims 
ttation of the dail) dose of vitamin K 

alteration at the time the prothrombin time became reduced to the hjperprothrom- 
bcncmia range 

Deutsch and Gcrardc,- working with rabbit plasma, induced in Mtro a reduction 
of the prothrombin time of 10 per cent plasma from 33 seconds to u. seconds b) 




FIBRINOGEN CONCENTRATION AND PROTHROMBIN TIME 


980 

adding 150 mg of beef fibrinogen per 100 ml plasma They pointed oat that there 
was considerable species variation in this effect Our findings indicate that the 
rt^^cs obtained with rabbit plasma arc not applicable to man The normal range 

of fibrinogen content of the human plasma IS 100-600 mg per 100 ml Iffibnnogcn 

variations had as great an effect on human diluted plasma as is implied by the data 
referred to above, it is difficult to understand how the mean pro- 
thrombin time of the diluted (iz 5 per cent) plasma of 39 5 seconds, obtained by 
studying blood from several hundred normal subjects, could have a standard dcvia 
non of only ±1 3 This fact substantiates further the belief that the usual fibrino- 
gen range of diluted (ii 5 per cent) plasma in man (30 mg to 75 mg per 100 ml ) 
docs not alter significant!) the accelerated clotting time 
Data offered by Owren^ in his extensive study of the coagulation mechanism 
support the above conclusion Owren demonstrated that the cntical low level of 
nnogen below which clotting time increases sharply, vanes with the pro- 
t rombin concentration In 10 per cent plasma, the fibnnogen concentraaon must 
reduced to below lo mg per 100 ml before a significant effect upon accelerated 
c ^inie IS noted It is at this dilution that the quality of the clot becomes poor 

an ifficult to detect The iz 5 per cent plasma yields a firm and easily discernible 
c ot The 8 per cent plasma often gives a rather poor clot The range between these 
two dilutions, rz 5 per cent and 8 per cent, includes the critical fibnnogen concen 
tration below which clotting time nscs sharply This is consistent with our open 
cnce of two instances in which iz 5 per cent plasma yielded poor clots and the 
fibnnogen concentrations were 100 mg per cent and izo mg per cent Thus, only 
in t ese very rare cases of hypiofibnnogenemia (below 150 mg per cent) docs 
bnnogen concentration become a factor in iz 5 per cent plasma prothrombin time 
ctcrmination It apjicars that a jioor clot, which is a rare occurrence, may be con 
SI ered as a warning that the fibnnogen level is sufficiently low to cause an alteranon 
in the accelerated clotting (prothrombin) time 
An obvious modification of the technic would be to use fibnnogen solution as 
diluent in place of normal isotonic saline This has been done by Thordarson* and 
by Link and his students » In man, it has been our cxpcnencc that the prothrombin 
time of diluted (iz 5 per cent) plasma may be affected in an unpredictable fashion 
thweby In some instances, the prothrombin time remained unaltered, while in 
others It became extended When the protein solution is used as diluent additional 
factors such as questionable punty and stability may be introduced These addi 
tiOMl variable factors do not exist if saline is used as diluent 
The data presented show considerable difference in fibnnogen concentration with 
no corresponding vanations in prothrombin time Reliable estimations of the 
1 uted (iz 5 per cent) plasma prothrombin time can be made at the lou norma 
level of fibnnogen (i 80 mg per too ml ) as well as at the high level of 650 mg 

It has been found by Foster and Whipple, >» and later emphasized by Link,' that 
hbnnogen is a very labile plasma protein and fluctuates readily m response to a 
variety of factors It is important to point out that massive doses of dicumarol may 
depress the fibnnogen level of plasma" but that at therapcuuc dosage levels ot 
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dicumarol the fibrinogen concentration is muntained within the normal range 
This has been demonstrated in animals' and in mm ” 

SuMMARI 

The effect of the normal variations of fibrinogen concentration (i8o mg per cent 
to 650 mg per cent) on the diluted (iz 5 per cent) plasma prothrombin time in 
man, as observed in this stud) , is not significant 
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BLOOD COAGULATION AND HEMORBHAGIC DISEASE 

ClRCULATINQ AnTICOAOULANTS A TeCHNIQDB FOR THEIR DETECTION AND CUNICAL SxtTDraS C L^ltJ 

R C HMTtfMnnaruiW I Mmst II From the Clmical Microscopy Division, Department of McdiciM 

The Johns Hopkins Unucrsity and Hospital Balumorc, Md Ball Johns Hopkins Hosp. f 
x55-l68 1949 

A test for ctrculaang anticoagulants is described unliziog the effect of platelet free plasma on n 
blood The preparation of the platelet free plasma depends on scrupuloos technic silicon lynogCL 
test tubes and pipcts handling the blood at low tcmpcrarurcs and two separations by centn 
7000 and iL 000-14 °°° method amounts of added heparin as low as 0001 mg 

platelet free plasma were detectable In clinical studies eight instances of a circnlating 
sverc dcrccccd In only one did the addiuon of toluidmc blue suggest the pfcscocc 0 a 
substance In 9 cases of thrombocytopenia the anticoagulant assays were negative 
studies point up the probability chat circulating anticoagulants arc pobably present , r 

raonly than suspected in chc past and the suggested technic offers another approach to c 
hemorrhagic diatheses From the standpoint of widespread use the meticulous technic n 
the successful preparation of platelet free plasma unfortunately is a limitation on its genera a^^^ ^ 

Homan Prothrombin Quantitative Studies on the Plasma Labile Factor and the 

Effects or Normal HvponBRiNooENBWic and Hemoriuuc Plasma on the Prothrosiwn , 

Plasma B AlexanJer ^tnd A de Vrtts From the Medical Research laboratory Beth srac 
and the Department of Medicine Har\ard Medical School Boston Mass J Clio vestig 

14-3 1 1949 r fletcnorinoo of 

The conclusions of Loomis and Scegers (Am J Physiol 14^ 563 1947) namely t 1 
fibrinogen accounts for lengthening of the prothrombin tune in stored plasma and \yy r&c 

gen IS necessary for prothrombin activity measured by the one sugc techme have j-^ataocoDi 
authors of this report empio) lOg as a reagent afibrinogcncmic plasma from a subject 
fibnnopcnia Inasmuch as the retarded prothrombin time of stored plasma was fully j^^fcsponiiHe 
addition of this plasma it is concluded that fibrinogen is not the factor whose 

for the alteration in the clotting properties of stored blood a conclusion that is urt^ jjifombm Thu 
b> the rcstoratuc properties of normal plasma rendered fibrinogen free by means 0^^^^ ^ bemo- 

factor (labile factor) which is also present in BaSOi plasma (prothrombin free) as [he 

philic plasma is required in adequate amount for normal prothrombin activity It i* po' ^ ^briaogcc 
use of prothrombin free (BaSOj-treated) plasma containing not onl> the labile factor 
and antihemophilic acti\ it> in normal amounts i» preferable to saline as a diluent ^ nrothrora 
the one-stage prothrombin test since a reduction of the concentration of these important 
bin constituents 15 thereb) asoidcd 
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Les Divins Gnourcs de Substancts SYmufmQuts Douis t> une Activity ANriviTAMiNiquE K et la 
SiohnncATiov BiOLooiqus des RIsultats Obtemo* (DirraRENr Compounds with anti K Activity 
AND THE SiosmCANCE OP THE RxsuLTS Oetained ) C Mmtzer Labofatojrc dc Chimic Biologiquc 
Facnitc dcs S-icnccs L)on Bui! Soc Chim Bio! je 871-884 1948 

A stud}’ vras made b) Menucr to determine the relation betsseen the chemical structure of \arious 
compounds similar to dicoumarol and their anticoagulant actnit) His conclusions arc similar to those 
of lunL and his collaborators, but \%hcrcas the American authors bclicse that the B cycle is nccessanly 
an hydroxy 4 pjTonc i,i Mentier estimates that other cycles such as th>op)Tone quinon pyridin 
cyclo-pcntancdione are able to confer to the molecule the same actmtj as the B pjronic cycle In con 
elusion all the actnc compounds base the same structure sshich can be schematized as follows 



(CO— O) or (CO— NH) or (CO) or (S) 


If R 15 an atom of chloride or of hydrogen or a complex of at least 6 carbon atoms the molecule behaves 
as an antivitamin K All the compounds also have m common the O atom in B this O atom can belong 
to an cnolic or ketonic group but the blockage of this oxyhydrjlc function suppresses the activity 

J P S 


Acquired Apibrinooenemia in Preqnancy W C Maimey W J E$an snd A J Germ^rj From the 
Medical and Obstecrical Services Sc Elizabeth s Hospital Boston Mass NewEnglandJ Med Z40 
1949 

This mtcrcsctng case report describes a hemorrhagic diathesis in a pregnant woman at term, char 
actcrizcd by a critical decrease m fibnoogco By use of blood transfusions and /racoon 1 of Cohn it was 
possible to remove a dead fetus surgically after which rapid recovery of the mother occurred The 
authors discuss the possible role of fibnnolysios in this type of acquired afibriDogcncmu 

C A F 


Fibrinolysin and the Fluidity op the Blood Post Mortem R H Molt From the Radcliffc Infirmary 
Oxford England J Path & Bact 60 415-4x7 1948 

The findmg of fluid and mcoagolable blood at autopsy is not an uncommon occurrence However the 
c^lanacion of this phenomenon has not been subject to critical invesugation and it is for this reason 
that the present study was undertaken Blood was obtained from the heart and great vessels of 61 cadavers 
at routine but not consecuave autopsies Observations on the fibnnolysin in supernatant scrum were 
made by using a modification of Macfarlaoc s method (1937) A regional difference in the rare of spon 
tancous intravascular coagulation as well as in fibrinolytic activity was found Cadaver fibnnolysin is 
nondialyzablc prcapiutcd at neutral pH in 50 per cent laturauon of ammonium sulphate and its activity 
» destrojed by pepsin It appears to be a globulin The appearance of fibrinol>sin seems to be part of the 
^^y s general reaction to injury and it is probably produced by endothelium 

O P J 

Cause and SiomncANCE op Seasonal Variations in tub Haemorrhagic Tendency in the Newborn 
£ RfTptI Ermtms F Var^a sndE Kjttsi P0I From the UnuxTsity s Children s Qinic Pecs Hungary 
Arch Dis Childhood 87-89 1948 

In a stud) of 10 000 newborn children o^xr a period of fiiT j^ars the authors found a seasonal xariatioo 
m the incidence of raclcna cerebral hemorrhage and cephalhematoma The peak penod was identical 
or each and occurred during winter and spring with diminution during summer and autumn Since 
rbc rrauma of dcli\cry presumably did not have a seasonal \anaiioa an explanation for the incidence 
' viations was sought m possible changes in the clotting mechanisms and m the capillaiy fragiht) 

The most marked prothrombin reductions the authors state has c been noted (in the literature) to occur 
m the w inter and spring No other defects of cloning mechanism were known to be cf seasonal incidence 
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The authors tested capillar) fragility m 133 healthy children at vanons of the year using both 
positive and negative pressure methods, and found that the inadcnce of increased capillary fragilitj 
increased in xvincer and spring diminished in summer and tvas mminul m late simmicr In addiDoo they 
noted that conjunctival petcchiae in the newborn which arc supposedly doe to ruprurc of capilUna 
during labor were most numerous m spnng and winter There was thus a disunct parallelism m ina 
dcncc of cerebral hemorrhage cephalhematoma coa]!inctis*al petcchiae and excessive capillary fragility 
The authors suggest that the use of vitamins K and P during the latter months of pregnancy may 
prevent these hemorrhagic tendencies 

S E 


Hemophiua Problem op Susoical Intervention for Accosipanyino Disease Review or the Lmii 
TtjEE AND Report op a Case C G Craddock^ L 0 Fatntnier and B Stmmms From the University of 
Rochester School of Medicine and Denostry and the Departments of Mcdianc and Surgery of Strong 
Memorial and the Rochester Muniapal Hospital Rochester N Y Ann Surg 12S 888-503 154S 
A case of hemophilia with the complicaaon of acute appendicitis is pfcsented The patient rcccired 
intensive anahcmorrhagic therapy but despite a normal clotting nme he continued to bleed profusely 
and expired four days postopraavcly A ducussion of the significance of contmned hemorrhage in tbe 
presence of a normal in vitro dotting time and its relation to the fundamental defect in hcmophilu b 
presented The authors condude that the mere dcfiacncy of the substance antihcniopliiliac globulm 
cannot be the sole abnormality of coagulation in hemophilia Emphasis 1$ placed on the faJurc of lie 
tims to lodscza the sevenq' oi the hemorrhagic teodcDCy or rhe degree of rcg»iBC to 

treatment the difficulty in choosing a suitable case for operaDon and the great difference in controlling 

interval hemorrhage as opposed to bleeding from an external site 

The authoa reviewed ic Uceracurc for instances of internal operative procedures m patients wi 

hemophilia Offourprcviouslyrcporccdcascsm whomthediagnosisoffacmophiliawisanci^mvocal tin) 

died from hemorrhage following operation while two recovered 

G E C< 

Action op Intravenocts Injectioks op HisTAiONB on the Blood op HemOphiuc Cbii-dren H. N 
S Butler and S R Kermedjf Jr From the Presbyterian Hospital and the Department of 
Presbyterian Division of the University of UIloois Chicago HI Am J Dis Child yf 
1548 

Following the observaaon of a slight decrease in blood coagulanoo time in adults with 
treated with intravenous histamine 6 hemophilic children were given histamine » 

mg amounts (usually 03 06 08 and i o mg ) on succtssivc days dunng acuve cycles o 
Detenmnanons of the coagulanon time were made on whole blood plasma and platelet ^ 

obtained by ccntnfugation in waxed chilled tubes A greater and more prolonged * 
maoent, decrease m coagulation ume occurred in the hemophilic group with cessation 0 
The total number of platelets was not affected n^rnuofl 

The authors conclude that this decrease in coagulaoon nmc is doc to increased platelet sin ^ 
(possibl) of new and more normal platelets) their sole premise being that the defect in ni 
the result of abnormal qoalitaavc platelet funcuon Although it has been shown that pla jj^red- 
cssennal for normal thromboplasac activity the role of a plasma factor m hemophilia is not 

This report IS of mccrest however and farther clinical tnal and mvcstigatiDn with histamine ^ 

philiacs appears warranted and may possibly reveal the mechanism of action which at presen 

H B M 

The Role or Platelets IN THE CoAouLATioN OF the Blood A J ^ Shasherlt tec 

From the D.partment of Biochemistry Marquette University School of Mcdianc 
consin Am J M Sc aj7 198-105 1949 pj^nu. 

A technic was devised for varying the number of platelets without otherwise aitcn g _ ^ greater 
The effect of the number of platelets was studied and the following observaaons made CU 
the namber of platelets the sooner dot rctracnon begins and the smaller the final clot W 
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uon IS chiractcnicd b> a relatively long latent period followed bj an accelerated phase and protracted 
completion (3} within a wide range m the number of platelets no significant change in coagulation pme 
can be observed (4) as the number of platelets is diminished the speed of prothrombin consumption is 
decreased but within normal limits the final amount of prothrombin converted approximates a fixed 
value (5) below a criucal number of platelets the consumption of prothrombin stops after a relatively 
short amc This suggests that plasma contains an agent that inactivated the platelet cnijmc, (6) in 
thrombocytopenic purpura of sufficient severity the consumption of prothrombin may be markedly 
diminished This suggests that in thrombocytopenic purpura a serious defect in coagulation is present 
which has heretofore been unrecognized because it is masked by a normal coagulation nme 

G E C 

^TUDE DES MioACARTOCTTES ET DES PLAqUETTES DANS DIVERS SvNDROMES HeMORRAOIQUES (StODV OE 

MEOATAjiyocrm and Pi-ATEiiTs IN Various Hemorrhagic Syndromes ) L Revel anj P Morel 
Laboratoire de Pathologic Interne ct Service du Pr G’Oizat Lyon Sangae z.3-^9 1949 
The authors discuss the normal features of megakaryocytes in marrow smears They found in normal 
marrow more megakaryocytes than arc usually stated to be present (op to 2. 000 per million nucleated 
cdJs) hue they agree about the percentage of the different cells from the mcgakaryoblast to the old 
cells They study platelet formation after splenectomy and find that platelets arc essentially produced 
by the cytoplasm bat sometimes a fragmentation of the nucleus is observed In 6 eases of idiopathic 
thrombopcnias they found what Rcvol himself described m 1939 and what was confirmed by several 
author*, that is an increase of megakaryocytes (above i fico for i million of nucleated cells) but without 
increase of the young forms as it is commonly said 

After splenectomy they found in 4 cases a striking platelet formation m megakaryocytes which was 
to be found as soon as one and a half hours after the operation with a maximum at the third day At the 
**mc time the number of megakaryocytes was reduced (from 5 900 to 3 900 in the average) In a eases 
however in spite of the same initial bone marrow splenectomy was not followed by the same platelet 
formation and the thfombocytopcnia was not cured 

In leases of acquired thrombocytopenia the megakaryocytes were nnincroos in the marrow smears 
*ftcr splenectomy in the firs: ease and transfusions in the second ease a very slow platelet formation 
was observed In 3 cases of infectious thrombocytopenia the megakaryocytes were plentiful but there 
Were Dumcroas cytologic alterations 

In 6 eases of hemorrhagic syndromes without thrombocytopenia they usually found an active bone 
Harrow nch in megakaryocytes They discuss the effect of splenectomy and the advisability of this 
procedure 

Twenty-seven good microphotographs lUuscratc this lotcrcsting study which ends with conclusions 
about the indicanons of splenectomy A v cry great number of megakaryocytes the lack of platelet forma 
tions seem to indicate the splenectomy 

J P S 

Gaucher s Disease with Tbromdocytopeni a an Instance or Selective Hypersplenism A Case Report 
P IV Dmvis AhTsbom Genectn tmd Ermst W Smith From the Medical Chnic The Johns Hopkins 
Hospital Bull Johns Hopkins Hosp 14. 176-179 1949 

authors report an instance of thrombocytopenia nnassociatcd with anemia or leukopenia in 
which hypcrsplcnism secondary to Gaucher 5 disease was apparently the etiology Splenectomy resulted 
m correction of the thrombopcnia and the hemorrhagic diathesis 

W N V 

The Intluesce or Briep Periods or Strenuous Exercise on the Blood Pi*atelet Count £ B Gerhetm 
A T Miller Jr From the Laborator) of Applied Physiology and Dcparrmcnc of Physiology 
Hnucrsiry of North Carolina School of Medicine Chapel Hill N C Science 64 1949 
Bfpom in the literature on the effects of exercise on the platelet count arc in conflict This work was 
P^ormed m an attempt to solve whether exercise actually docs change the platelet count Exercise 
fansjstcd of running on a treadmill for five minutes at a speed of 7 miles an hour and a grade of 17 5 
recent or for two minutes at 11 miles an hour at zero grade Blood was obtained before exercise im 
latch after exercise and 10 30 60 and 90 minutes after exercise In spite of the fact that there was a 
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60-100 per cent increase in chc leukocyte count, there was no increase m the platelet count. The auAoa 
suggest that the increased velocity of circulacion may have destroyed the very labile plaielco wfud 
may have covered up any increase in platelets 


R CC 


RnLEOpSpLENBcroKYiKTBBOsiDOPHmcPoitpuitA G BciafdMSfJ C AUen^L 0 JattimtfdC L,SfttT 
From the Departments of Surgerj and Medicine University of Chicago Chicago 111 Arch Sofg 
// ifi-ry 1949 

The authors present data on ao cases of thfombopetue porpora lo of which were treated mcdioD/ 
and 10 treated by splenectomy Five recurrences were noted in the splcncctomiicd group and x w die 
medically treated group Three of the pancots with recurrence had the acute form of tbcdisciieandnro 
the chfonic The pathogenesis of the syndrome 1$ discussed with emphasts on the importance of tlic 
capillary factor and the possible role of the cfltirc reticnJocndothcliaJ systciD 

The results arc rendered somewhat difficult to evaluate by the fact that 14 of the panents were oodcr 
the age of ax years and 1 1 under 10 years of age and because 6 of the medically neated group and dom 
of the surgically treated group had had symptoms for less chan four weeks 


The Effhct or Rutin IN’ TKB Control or Blhbdino INTO THE Rktima R ^ Htlfrnhtrst ^ ff ^ 

From the Section on Ophthalmology Mayo Chnic, Rochester Minnesota Am J M Sc irr uy- 

I&49 AsrmscL 

The chmcal literature of the use of ruan in condmons of increased capdlaiy fragih^ 1 1 nf 

The article serves as a useful review of chc subject but the authors justifiably stress the van ^ 
reports and their inability to draw an> definite conclusions with the evidence at hand r K Y 


EvAiUATioN or THS Various Cunicai. SioNs of TnaoittoPHuanri ano ^ 

ANTicoAOutANTs D A Ftld/f From the Department of Surgery Umversity of Mmnesotat 

polls, Minn Surg Gyacc & Obsc U 337-550 1949 , . t, „„,w^v,lcfaini «c 

The results of treatment of 91 eases representing 105 citrcmitic* with deep thro oop ^ ^ 

reported together with a detailed discussion of the diagnostic signs methods of 
venous thrombosis, and chc pnmary disease process For pracacal purposes both the 
matory thcombosci were called thrombophlebitis With the exception of eight 
treated with vein ligaaon anncoagulaots Cdicumarol and hepann) were used with an avera 
days of bed rest m, unless contraindicated mild Trendelenburg position j of tliroi°bO' 

Although most of thepaaenrs had had one pulmonary crobohsm at of 

phlebitis the results of anticoagulant therapy were considered satisfactory m jccondxry 

secondary embolism was reduced from an expected jo per cent to a-t7 jodicaicd tie 

fatal embolism from an expected xj per cent to zero An analysis of the primary con ^ 

importance of prophylactic poscoperaave antreoagu/ant therapy in piocnts with cancer 
undergoing major gascromtcstiaal surgery hysterectomies and hip fixations ou Hi the prevenni® 
The coDtroversy as to chc rclauvc mc«C8 of anticoagulant therapy vs van ho^r- 

and treatment of thrombocmboliim will probably remain unsettled for some jhool'l 

ever chat both have a place in chc management of this disorder and that the ^ cocditiou 

be determined more on the basis of the type of tbrombophlcbius the underlying ^ ^ 

ofthepauent availabihty of laboratory control and the esutoated risk of fata cm 
siblc that the inadcoce of death from pulmonary embolism is much lower than genera 


Surg Gynce & Obsc iS 373 1949) 
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TEANSFUSION . 

On THE CheuicalSturiuzatidn OF Blood AND Blood PuisMA F W Mjcbig*° 

sndB Jmeksoff From the Department of Laboratories Henry Ford Hospital. Detroit 

Soc,Expcr Biol A: Med 148-X54 1^9 
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In the hope that a means might be supplied for reducing the high incidence (4 5-7 z per cent) of 
homologous scrum jaundice or of eliminating this nsk altogether in transfusion recipients and in mcw 
of the csscnnal una\ailabilit} of effective irradicion techniques for the sterilization of blood and blood 
dcnvatives the authors ha\c investigated the merits of nitrogen mustard (HN ) as a sterilizing agent 
Sclcaion of this compound for 5tud> was based on the following considerations its presumed effect on 
nuclcoprotcins its ready susceptibility to spontaneous hydrolysis in buffered aqueous solution forming 
rclaavcly nontonc end products the parallelism of its activ ity w ith that of ionizing radiations and its 
availability in purified form suitable for parenteral administration 

It was demonstrated that HN is capable of effective bactericidal and virucidal aaion in whole blood 
blood plasma and blood scrum without causing major alterations in the properties of cither the plasma 
components or the red blood cells Virucidal potency appeared to be greatly enhanced by decreasing 
the pH to 7 r or below possibly attributable to a reduction in the rate of HN decomposition or to 
a lessened reactivity with ocher competing substances and at these pH levels sterilization was con 
sidcrcd to be accomplished with concentranons of the drug not exceeding 500 mg per liter No cvi 
dcncc of anagcnic or other toxic reactions was produced in two dogs and two humans receiving repeated 
injcaions of plasma so treated Plasma complement immune bodies phosphatase and fibrinogen were 
apparently unaffected by exposure to stenhzing doses but a marked reduction of prothrombin activity 
was observed In vntro studies failed to demonstrate a significant increase in the rate of erythrocyte 
deterioration in stored blood following the application of virucidal dosages of HN in vivo cry'throcyte 
survival studies however have not as yet been completed 

CPE 


IRON THERAPY AND METABOLISM 

PaZPAlUTION AKD StANDABJDlSATIOS OF SaCCHAEATED IeOV OllDE FOR INTRAVENOUS AdSHNISTRATIOV 
/ A Nfssm 40 /iJ J AL Kebson From Guy s Hospiul Medical School University of London London 
England Lancet / 686-689 *945 

Details of methods of preparation and toxicity tests 00 various samples of saccharated onde of iron 
arc desenbed The toxiaty varied considerably and seemed to be the result of gradnal prcapiuuon of 
free iron This in cum it was thought might depend on the rate of metabolism of the sugar part of the 
molecule Mice given lethal doses showed hemorrhagic lesions probably due to muluple capillary 
emboli from iron preapitation As a consequence of the difficulues encountered in producing uniform 
preparations the authors suggest that biologic standardization is essential 

S C 

The Dersial Excretion untder Controlled Environmental Condition's or Nitrogen an'd Minerals 
Human Subjects with Particular Reference to Calcium an-d Iron H H tAittbdl tmJ T S 
Hjrmtltffn From the Division of Animal Nutrition University of IlJinois Urbana 111 J Biol Chem 
Tjg 345-361 1949 

In studies of 6 subjects exposed to humid heat, these authors found iron in amounts of i to 3 mg / 
hter of sweat They estimated a daily loss of about 6 5 mg iron under mini mal sweating conditions 
This magnitude of iron excretion is not m harmony with present concepts of iron metabolism In 
fret such a daily loss vs ould appear to be more than the normal indivaduaJ is able to absorb Obv lously 
funher studies arc necessary before these findings can be interpreted 

C A F 


PIGMENT METABOLISM 

Kfluence or Fouc Aod on Porphtria V Kvasndkfira From the 3rd Medical Qinic Charles Um 
'criity Prague Ccs IcL ^es 653 1948 

A woman suffering from a cutaneous form of porphyna was eliminating .uxd gamma uropor 
P ^in (and the same amount of coproporphynn ID) per liter of unne Porphyna was accompanied by 
^■cre h)'pochromtc anemia and raised level of plasma iron Folic aad administered in the daily dose of 
5 proved to be highlv effective skin manifestations disappeared pigm-ntations cleared up gen 
feeling improved and uropo^hvnn disappeared cniirclv from the urine 
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CuNlCAL IkvESTIOATIONS IN THE DirreRHNTlATlON OF StHECOBIUNE ANt) UlOBltlNI WITH THE PeKIDTO- 

PENT Reaction \V Sttcb From I Mcduia UiniL dcr Umvcrsitat Mflnchco (GcnnEfl/) klifl Wjchr 

363-567 194S 

Diffcrcdtiatiofl of stcrcobilinc and urobilinc is made possible by the pcotdyopcnt roictioii. Q m teal 
cxamioacioos shoued that the hitherto assumed urobilinuna is acmally a stcrcobibauna PrcscDCcof 
urobilinc IX a 10 urine is always sign of a pathologic process Stcrcobilinum and elimination of jtcrcobi 
line m the feces is found in pernicious anemia hemolytic jaundice malana and in parcnchynutooi 
icterus Pure urobilinuna can be encountered in icterus of total biliary ocdosion Preponderant oribi 
linuTia can be seen m beginning parenchymatous liver affccuon Increase of stcrcobilinc comes liter 
The clinical differentiation of both subsunces opens new diagnostic possibiliucs 

C M- 


Mechanissi of HTPEEBiuauBiNEMiA IN THE Newboen Intant Expeeimental Demonsteation ot Fokc 
T 30 NAL Hepatic Imiiatubitt G J Fasinna From the Departments of Pathology and Pedutnes, 
Southwestern Medical GDllcgc of the Southwestern Medical Foundation Dallas Texas Am J Dn- 
Child 7^ 196-102^ 1948 

Twenty-one normal infants of approumatclj similar weight were studied during the neonatal penod 
by means of daily red blood cell counts and hemoglobin determinations, red cell volumes and placni 

bilirubin levels In mott of the infants dctcrmioaacms were made of the bilirubin content in the mec^ 

lum excreted during the fine three days The vcloaty constant of excretion of bilirubin was detemu 
in iH infants by the method of Wccch ct al The rclanon of maternal and fetal isohemagglntimns to the 
devefoproent of neonatal hyperbilirubinemia was investigated in 50 other normal infants 

Evidence is presented which strongly suggests that physiologic hypcrbilimbmcmia is not potw; 
if at all hcmolync in origin but due mainly to funcuonal immaturity of the liver bcfoic and ^ 
able period after birth The degree of hyperbilirubinemia could not be correlated with the ^ 

of the fall in red cell count and packed red cell volume nor with mothcr-chiJd A 30 and Rh inccmpiii^ 
bility There was an inverse corrclaaon between the amount of bile pigment in the first mcconm® s® 
the height of the plasma bUirubin rise during the first week of hie Impairment of the bdimbin 
capaacy of the liver was demonicrated in infants with hyperbilirubinemia whereas normal ci 
function was found in infants whose plasma bilirubin levels had returned to normal u W B 
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MEDITERRANEAN HEMOPATHIC SYNDROMES 

By V Chini, M.D , AND C Malaguzzi Valeri, M.D 

F rom investigations made during the past ten years in our laboratory and on 
the basis of several recently published repotts, we are now in a position to 
attempt a classification of Cooley s anemia and allied conditions We have used 
the term Mediterranean hemopathic syndromes for a group of blood conditions 
which have a high incidence among the populations of some Mediterranean 
countries, and which have in common certain hematologic abnormabtics, which 
represent different varieties of one great group of constitutional and hereditaty 
blood diseases 

To this group belong, among others, two clinically well-defined and easily 
diagnosed forms, that is, Cooley s anemia, or Mediterranean anemia, and a hemo- 
lytic syndrome which about twenty years ago was popularized by Italian authors 
as hemolytic jaundice with decreased red cell fragility 

Cooley s anemia bemg umversally known, it is superfluous to mention here its 
clmical features and blood picture It was first described as a clinical entity by 
Cooley and collaborators,®^ ” and several Amencan^® 

and European'* “ ”* authors have widely contributed to its study 

On the continent it has been the object of investigations particularly by 
Caminopetros" “ “ and various Italian workers CCassano", Ravenna and 

Cannclla*", Ortolani'" Ortolani and Castagnari’", as well as by many 

others ** " 27 ss 77 los in m H7 iss isi i»j 20s "ot 207^ 

The so-called hemolytic jaundice with decreased red cell fragility was first 
described in Italy by and by Greppi”* ^”(192.5-1918) Numerous 

cases have been published subsequently by Italian authors and more recently by 
others ** i®® *" ^ * 

150 us J55 jjj ij,„ jjib i,j 1J7 J17 US 170 jj- jj j familial hemolytic jaundice 
with a constitutional and hereditary element Its fundamental feature, and the one 
which differentiates it from Minkowski-Chauffard s hemolytic anemia (acholuric 
jaundice), is the presence of an increased instance of the red cells to hypotonic 
solutions Other less constant features are hypochromic microcytosis and in nearly 
all cases ovalocytosis and poikilocytosis 

Ffom ihc Clinica Mcdica UmvcDitj of Bin Ban Itil) 
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Clinically, its differential characteristics are a less intense degree of anemia, less 
intense and less frequent hemolytic crises, and less favorable results from splenec 
tomy 

The clinical and hematologic features of the condition just described have led 
us to put It in the same general category with Coolej s anemia Several mvesn 
gators,"" "* especially American authors (Wmtrobe et al *, AtLinson", 
Dameshek,®’ and others), have interpreted such cases as mild or asympro- 
matic forms of Cooley s anemia-’® and the prevalent opmion notv is that 
there exists one disease entity — that is, Cooley s anemia — which ma) appear 
under at least two fundamental forms, that is, (a) severe form, the classic Cooler s 
disease, which develops nearly exclusively in children, has a rapidly fatal course, 
and IS characterized by an intense degree of anemia, splenomegaly with erythro- 
poietic metaplasia of the spleen, and by typical bone changes, and (b) a trill 
form ( hemolytic jaundice with decreased red cell fragihty of Itahan authors), 
whose course is less rapid, allowing patients to reach adult age With this latter 
form should be grouped a good number of cases which have been desenbed as 
Cooley s syndrome or Mediterranean anemia of adults i ® ® ® 

so 91 95 100 101 160 IS' 178 187 5 8 '5~ MI '86 

Observations in a large series of cases, invesuganons of the famihal element and 
on the modes of transmission of the fundamental characters of the two condinons, 
analysis of well-defined clmicaj and hematologic pictures have allowed us to 
develop a broader aspect of this group of conditions and a more sausfactory 
dassificauon of the vanous forms ^ . 

These investigations, which began with the work of Caminopetros 
others,’*’ have been further developed by several Itahan (Angchm’, Miche i an 
collaborators'®® Pontoni’”, Garto'** '*», Chmi®' ®* " Silvcstmni 
and Bianco’*’"’'*) and American workers (T)amcshek*' * > Valentine an 
Neel''® ’*’, Smith*' ’**, McIntosh and Wood'® , Cooley’®) ^ 

By propiosing the term Mediterranean hemopathic syndromes we 
intend to suggest that such conditions affect exclusively Mediterranem c 
groups cases have been published recently from other parts of the go 
clinical and hematologic pictures may be included in this group of diseases 
8 1 88 9 6 97 110 ISO 111 186 HO *19 MI 166 '60 HowevcT, thcy rcpTCsenc isola 

cases, the diagnosis of some of which might be worth reconsidenng 

On the other hand, there seems to be httle doubt that the condiuons 
discussion have a parucularly high inadcncc among some 
Mediterranean area (Greece, Mediterranean islands, southern Italy , Ita un 
of Ferrara) and among some ethnically related populauons f 
(i) Among the members of families with cases of Cooley s anemia u 


* Thcnpeunc ittcmpts have been made with ipicncctomy m 

f Farther itausncal srndj may reveal the ciutcnce of blood diseases belonging to of 

countnes In any case it is jnsafied to stare that their inadcncc is by higher among j^ndroma 

some McdjtcrraxjcAD rtgtons Therefore the SD^gesced term Meditcrriiican hcinopi 
seems to os appropnacc and has been adopted for the sake of simplicity 
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can mvanably be found of sub;ccts (parents, brothers and other siblings) who 
exhibit some hematologic changes, the most frequent and characteristic being an 
tncTtaied red cell resistance to hypotonic solutions This feature, which was first pointed 
out by Caminopetros" and by Angehni,® has been confirmed by numerous 
other observations and is now a generally accepted characteristic 

Together with the decreased red cell fragility, other blood changes arc found, 
the most common being hypochromia, microcytosis and leptocytosis Hypo- 
chromic microcytosis with decreased red cell fragility is the fundamental hema- 
tologic picture found in siblings of cases of Cooley s anemia (Caminopetros, 
Angclini, Michcli and collaborators, Gatto, Chini, Silvcstroni and Bianco, Smith, 
Valentine and Neel, Dameshek, and others) 

(z) This blood picture, which is also found in siblings of cases of hemolytic 
jaundice with decreased red cell fragility (Rictti, Grcppi, and others), has been 
termed by Chini as Mediterranean hematologic disorder Valentine and Neel called 
It mild form of Cooley s anemia or thalassemia minor (thalassemia minima, 
accordmg to Gatto'^t iss^ Silyestroni and Bianco, who found these changes 
m a number of cases from numerous observations among Italians from the 
South,^* 217 33 » 330 331 calJcJ jf mictocytemia However, 

as It IS pointed out by Dameshek and by Smith, a microcytic anemia is in these cases 
often accompanied by the presence of large, pale, thin macrocytes, whose 
hemoglobin content is unevenly distributed within the cell (target cells or 
Icptocytes) and which are to be considered as characteristic elements *** 

(3) Therefore, the Mediterranean hematologic disorder with the same 
fundamental blood change (decreased red cell fragility) is present in siblings of 
cases of Cooley s anemia and hemolytic jaundice with decreased red cell fragility 

From the point of view of the nosologic afiinity of the two mam 
forms" 228 336 318 319 hardly overlook the importance of this common 

clement, and we think it justified to assume that both forms affect subjects who 
are earners of the mentioned hematologic taint This point has been stressed 
by Gatto,”’ ”* Chini" "and, as the result of a great number of observations, 
by Silvcstroni and Bianco 

(4) Carriers of the Mediterranean hematologic disorder are found in those regions 
and among the populations where Cooley s anemia is incident (it is probable that many 
‘^^scs go undiagnosed) The disorder represents a necessary early stage for the 
appearance of Cooley s anemia 

Subjects who arc earners of the disorder may appear to be quite healthy, and have 
no complaints The disorder is usually detected if it is looked for among families 
With cases of Cooley s anemia and of hemolytic jaundice with decreased red cell 
fragility or accidentally as the result of routine invesugauons It is apparently 
transmitted as a dominant characteristic (Gatto'*’ '*■*, Dameshek”, Smith*"' 
Silvcstroni and Bianco*"’), and its presence has been followed up in three to four 
generations of the same family tree 

C5) In man) cases the disorder is accompanied b> an anemic state The anemia of 
these cases cannot be ascribed to an) appreciable cause, it is benefited but slight!) 
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by the usual antiancmic remedies (liver extracts, iron, blood transfiisioiis),itnu 7 
last for years or decades, slight splenomegaly may be present These cases may 
exhibit very different pictures 

The prevalence in some cases of one or the other morphologic changes may m 
time permit the nosologic isolation of well-defined symdromes and the use of an 
appropriate terminology (for mstance, the target cell syndrome of DamesheL*', 
the target-oval cell syrndromc of the same author, ovalo-poikdocyac hypo- 
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chromic anemia of Micheh and collaborators,^” **' and Pontoni , 
microcytic anemia of Strauss and collaborators”S constitunonw mi 
anemia of Silvestroni and Bianco”’ etc ) It may well pj^(;oni”i 

forms, similar to those just menuoned, belong to this group (cases o 
Cooley”, Rundles and Fall-'', Stransky and Regala”', etc ), but it is 
that some forms which have been included in it will some day be different 
separated For the time being these forms may be put together as vaneties 
need to be better known and more sausfactorily classified Anemia i 
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markedly hypochromic, less frequently hypcrchromic (Patrassi and Taglioni*'^, 
Chini“, Muratore”^) In the hypochromic cases there is nearly always micro- 
cytosis, with hyperchromia, macrocytosis may also be found In nearly 
all cases marked ovalocytosis is observed, in many cases aniso-poikilocytosis is 
prevalent, and in some we find schistocytosis similar to that found in Cooley s 
ancmia^^ morphologically one finds a blood picture 

very much resembling Cooley s anemia, with the exception of circulating 
erythroblastosis 

We can, therefore, refer to these various pictures as vanetus of the anemic form of 
the Mediterranean hematologic disorder Some of these varieties are poorly 
defined, others resemble very nearly Cooley s anemia 

The clinically well-defined varieties of this anemic form are usually hypo- 
chromic, microcytic, ovalocytic, aniso-poikilocytic and schistocytic Besides, 
m many cases, stippled cells and target cells (TDame- 
shek) arc present but the latter do not appear to be characteristic of these 
forms iJt 502 Xhcrc is marked hyperplasia and erythroblastic ana- 

plasia of the bone marrow 

In spite of discordant views,*'* ”* a distinction has to be made here between 
this type of anemia — even its hypochromic microcytic variety — and achylic 
hypochronuc anemia ([idiopathic hypochromic anemia), difi’crcntiatmg pomts 
being Its ethnographic distribuuon, the high iron content of the blood (Chim, 
and Perosa*'*, Perosa’***), the nearly absent response to iron therapy, the usual 
presence of normal gastric secrcuon,** the absence of some clmical signs which arc 
''S'lally found in idiopathic hypochromic anemia, such as glossitis, dystrophic 
changes of the fingernails, Plummer-Vmson syndrome “ 

(6) In numerous cases of Mediterranean hcmopathic syndrome we find a 
tnarked hemolytic element These cases are more readily recogmzable clinically 
Rud have been termed hemolytic jaundice with decreased red cell fragihty 
(Rietti*** in **', Grcppi*” *“ *’*) The picture is that of the Mcditcffanean 
hematologic disorder with anemia of one or the other vanety (increasea resist- 
MCe to hypotonic solutions, occasional ovalocytosis,”* presence of target cells 

oval-target cell syndrome of Dameshek*^ There is marked hyperplasia and 
erythroblastic anaplasia of the bone marrow, but no erythroblasts arc found 
in the circulatmg blood and hemolysis is increased In some cases the hemolytic 
index reaches values as high as in acholuric jaundice “ *” 

Jaundice is present, there is marked splenomegaly and intense hemolytic crises may 
occur The hemolytic disturbance may respond effectively to splenectomy i” 
Hutologically, the spleen shows changes of the hemolytic type with no 
oythropoietic metaplasia, which is a differentiating pomt from Cooley s anemia 
The main feature in these cases is the increased hemolysis, a point which should not 
he overlooked in diagnosis and treatment (splenectomy) * ’ *’* Operation 

IS followed by a reduced hemolysis, but there is no effect on the morphologic 
changes, which in some cases arc even more accentuated after splencctomj 
hi fact, some cases after splenectomy show a marked and persistent crythroblas- 
tcniia - I 'i "n postoperative picture resembles more closel) that of Cooley s 
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anemia chiefly on account of the crythroblastemia and in some cases because of 
bone lesions as seen in the x-ray films > > 

(7) Besides these vaneues of the Mediterranean hematologic disorder with 
jaundice and hypcrhcmolysis, cases arc seen in which jaundice is evident but no 
increased hemolysis is found The hemolytic index of these patients is normal or even 
lower than in normal cases, in spite of the obvious presence of jaundice and of the 
high values of bilirubin in the blood by the indirect test In the absence ofmcrcased 
hemolysis we cannot term them as cases of hemolytic jaundice These cases have 
some points m common with the so-called juvmle tMemittint jaundtet of Mtultn- 
gracht or nonhemolyttc prtbepatic jaundice** *** and they represent a 

fairly large number of cases of Mediterranean hemopathic syndromes (Patrassi 
and Taglioni*®^, Cassano and Benedetti^*, Chini“, Malaguzzi-Valeri”’, Castaldi 
and Lconardi'*') 

It has been suggested by various authors^* and recently confirmed by 

the work of Perosa on hemoglobin tolerance curves, that in subjects affected with 
this type of jaundice, there is a derangement of the liver function in the sense 
that the transformation of bilirubin from the indirect to the direct form and 
Its subsequent elimination from the blood do not take place 
A hepatic factor of this type may be present even in the full fledged case of 
hemolytic jaundice with decreased red cell fragility, in which a more or less 
marked hypcrhcmolysis is found In fact, in these cases one often finds a dis 
crcpancy between the hemolytic index and the values of the indirect bihmbm 
of the blood, and also a delayed direct Van den Bcrgh reaction ’* *** 

These findings have been interpreted in various ways, for instance, they have beffl 
asenbed to liver dysfunction, to the presence of an abnormal pigment not detect 
by Ncncki s reagent, etc ([investigations on this subject arc bemg earned out m 
our Institute) , 

C8) All these different forms have some common fundamental elements w 
permit us to consider them as belonging to one great group These elements ai^ 
(a) Their nearly exclusive limitation to Mediterranean people. O’) presence 
a constitutional, familial and hereditary clement, (c) The increased resistance 
the red cells to hypotonic soluaons 
Therefore, we find it jusufied to collect them in one group under the 
Mediterranean hemopathic syndromes, and to consider the Medit 
hematologic disorder as their fundamental pathogenetic factor 


The pathogenesis of the single clinical pictures is still very obscure 
On the basis of our present knowledge, mainly from the analysis of the 
tendency of these syndromes, it seems to us that somethmg can be sai 
pathogenetic connccaons between the so-called Mediterranean 
disorder and Cooley s anemia and on the euopathogcnesis of the s 
hemolytic jaundice with decreased red cell fragility 
With regard to Cooley s anemia, one important point has been broug 
dence from the study of the parents of the pauents, and that is that w ^ 
investigation has been adequate, both parents of an individual affected svitn 
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anemia have been found to be carriers of the Mediterranean hematologic is 
order 

It was Caminopetros’* who first called attenaon to this pomt, even if he did 
not stress it as a fundamental feature in the familial tendency of the disease, and it 
was confirmed by Angelini® and later by Michch, Penan, Momighano-Lcn"‘ 
and others (Panoff*®’) 

In 1939, 01101,“ on the basis of the reports from Canunopetros, Angclmi and 
Micheli, stressed the unusual fact of the presence of a hematologic taint in both 
parents of patients suffering from Cooley s anemia and stated that the findings 
could not be asenbed to mere coincidence “ 

Subsequently (1941), further reports from other authors (Ortolani and 
Vallisnen'®^ Wintrobe and collaborators*^'*, Atkinson'*, Pehu and Lenchc"*) 
led Cluni®* to state that this bilateral hereditary tendency was to be considered 
as a fundamental factor in the pathogenesis of Cooley s anemia 
Independently, in 1941-1942., Gatto'** '** made his first report on the results o* 
bis iDvcstigations aa chc members of the families of 8 cases of Cooley s anemia 
His conclusions were that increased resistance of the red cells to hypotomc solu- 
tions and microcytosis, as a rule hypochromic and accompanied by ovalocytosis 
and poikilocytosis, were constantly present in both parents of patients w 
Cooleys anemia According to Gatto, this trait ( hypcrresistant microcytosis ; 

IS a dominant hereditary characteristic which is carried as a heterorygow geK 
and Cooley s anemia develops only in subjects whose parents arc both affected wi 
the disorder and who carry the hematologic charactenstic as a hoinoz)goj“ 
gene The bilateral hereditary element in these cases has been sub^n® T 
confirmed by various authors (Pierce*"*, Valentine and Neel"* ** > 
shek®*, Smith*** **®, McIntosh and Wood'®*, Tnncao*"’, etc ," and recently m 
Italy by Burgio”*, Careddu and Magrassi*', Silvestroni and Bianco) in a fg" 
number of cases '®* ’*' , 

In Gatto s opimon, Cooley s anemia is an example of dominant htrtdttary c t 
actcristic with lethal homottjgous effect , 

In the present state of our knowledge this seems to be the fundament ^ 
which has been agreed upon from the study of the familial tendency o 
anemia and allied syndromes of the 

It would therefore appear that Cooley s anemia represents the most 
Mediterranean hcmopathic syndromes Its seventy seems to be cam 
lethal homozygous effect of the presence of the trait in both parents 


It effects tAosc 

* As Quni poioccij out in 1541 if it is true that t>'pical Coslcy s antnua oni> not oi- 

whosc parents are both earners of the Mediterranean hematologic disorder then wc 
the term of mild forms of Cooley s anemia to lodicare the various forms of Mediterranean 
syndromes or the cases of apparently healthy earners of the M-diccrrancan ncmac ^ jj-pical ct^ 

la cues ol Mediterranean hcmopathic syndrom*! only one of the parents is a carnet 

of Cooley s anemia wc never sec a gradual attenuauon of the symptomatolog) *0 ** Hromes 
to identify the case >vith one or the other vancty of the M ditcrranean hcmopithtc ^ typc*I 

V.T never tec a case of Medircrrancan hcmopathic syndrom^ breoming so icvcrc as to res- ^ ^ 
case of Cooley t anemia. One could use the term of nuJd forms in these cases as 
Amencan authors, if there existed a transition m som* of them from the mild to ihe severe 
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Of this trait wc know only some features which are more readily detectable, the 
decreased red cell fragility and often the hypochromic microcytosis, also, according 
to Dameshek,'* the target cells or leptocytes and, according to Smith, the 
thm and pale macrocytes and the stippled cells These physical and morphologic 
changes reveal the presence of a more profound structural disorder of the red cell 
whose essence is still obscure (Pontoni-®*, Chini‘<, Rictti^*®) Other characteristics 
of the trait (first described by Caminojjetros®^ and in Italy by Gatto,*” 
followed by Chini,"’* Silvcstroni and Gentili**’) are in the somatic line The 
presence of the Mediterranean hematologic disorder is frequently found in sub- 
jects With high and thick zygoma, cheek bones (facies microcytica, according to 
Silvestroni and Gcntili’^0 What we have often found is an increased distance be- 
tween the zygomas However, it should be noted that this characteristic is fre- 
quently found among the population of Southern Italy“ and that on the other 
hand subjects who exhibit a mongoloid face may not be earners of the Mediter- 
ranean hematologic disorder, though they may be affected with some other blood 
disturbance 

With regard to hemolytic jaundice with decreased red cell fragihty, here also 
some family members of the paaents are carriers of the Mediterranean hemato- 
logic disorder, though only one parent is affected and not both as in Cooley s 
anemia 

In some family members of cases affected with this condition, a constitutional 
hypcrhemolytic state is also found, either in the same family side of the earner 
or m the oppiosite 

This charactensuc is in some cases quite evident,''* in others only slightly 
pronounced (slight increase of the red cell fragility, and at the same time an in- 

vicw fiadi coofinuanon in the clinical analysis of Cooley s anemia and of those Mediterranean hemo- 
pathic syndromes whose charactensnes are well-defined In a sense the tcrminolo^ suggested by 
Valentine and Neel“* of thalassemia major (Cooley s anemia) and thalassemia minor seems to 
m more appropriate though thalassemia nunor would seem to racludc well-defined syndromes some 
of which are of marked seventy and for which the term mmor conld hardly seem acceptable It should 
be noted that for the earner state Gatto use, the term thalassemia minima While the view 

oppressed in this paper has on one hand mote consideration of the genetic factors whose etiopatho- 
Sonenc nature has been established on the other hand it docs not disregard the importance of the chnical 
charactensnes our scheme of classificanon is very similar to that of Damcshclc Cooley s anemia repre 
senes the extremely severe and the fatal among the Mediterranean hemopathic syndromes It is a 
consutuuonal familial and hereditary condition but it i not transmissible because its app-arance 
(lethal homozygous effect) makes proercaoon impossible At least this is what we know from nearly 
all cases that have been described (infantile piepuberal mortality) With regard to this point a re 
examination of all the published cases of GjoIc) s anemia in adults would s«m necessary m order to 
niakc a detailed assessment of their gcncuc elements and to find out whether there did or did not exist 
bilateral hcrcdiurj factors For the cas**s of Coolc> s anemia in adults which haii’C been published C^wo 
pcrsoual cases included) Chmi has sogge ted the term of 5>Tidrom^ of the C00IC7 cyp ^ It is a 
^b^r s[j]l open to in\'cstigacioQ The term mild forms of Coolcj s an-mia could be used for the 
others of a rj'pical case of CooFy $ an-mia whos- pirtits are both earners of th* NLditerranean 
niatologic disorder and who exhibit clinical h-mitologic x riv and histologic pictures (crythro 
potetic m-uplasia outside the bone mirron) sshich sery n-arl) r sembi* c\ n m their d-grec of <everin 
Coolc) s anemia Such cas's as these ha\*c b*^n published ’ n i u iso 
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crease of the maximal resistance, spherocytosis) Some authors have suggested 
the term of mixed forms of hemolytic /aundice, and in a wide sense, of hemo- 
lytic diathesis, common to both forms “ ■'However, the observauons with 

regard to this group of cases arc still isolated and it is not possible at present 
to come to any conclusions 

It IS quite possible that the presence of a constitutional hemolytic factor may 
be of importance in the pathogenesis of some Mediterranean hcmopathic syn- 
dromes which show a marked hemolytic element This should be more common 
in those regions where the Mediterranean hematologic disorder and hypet 
hemolysis are comparatively frequent events And such is the case m some 
districts of Southern Italy, the origin of the majonty of the presently published 
cases of “hemolytic jaundice with decreased red cell fragihty 

This, however, is not the only factor which may be responsible for the hemo- 
lytic element of the condition, the structural changes in the red cells may play then 
role (microschistocycosis*“ “’) or the cause may lie in a combmation of van 
ous morbid factors, as well as in splenopathic conditions, in a wide sense In this 
respect, we can hardly overlook the importance of malaria, whose role has also been 
discussed with regard to Cooley s anemia “ 

A hemolyYing action of blood plasma has been found by Frontali and Rasi'”, 
however, this has not been confirmed by Chini and collaborators, who could detect 
it only m cases in which the blood cholesterol values were very low “ 

The question is still very obscure We still do not know why and how cameo 
the hematologic charactcnstics of acholuric jaundice at a certain time become 
affected with hypierhcmolysis In some cases we find an intercurrent illness, m 
others the real cause cannot be found, the hemolytic character of the condiuon 


bemg then termed idiopathic , 

Very little has been known regarding factors which determine or help m c 
transition from the simple stage of hematologic disorder to that of anemia m 
different varieties (ovalo-jxnkilocytosis, etc ) Occasional factors, such 
fectious diseases, hemorrhages, abundant menstruauons, food defiaencies, 
erme disturbances, etc , may contribute, but constituuonal and hereditary e 
of various typie may intervene, and this side of the question is now being 
investigated (significance of ovalocytosis, presence in some family groups o^^ 
other hemopathic condition, jjossible influence of malana on earners 
trait) “ “ 


With regard to the fundamental structural derangement of the red cells w i 
the cause of their abnormal physical sedimentation rate,*” etc , an morp 
logic state, the question is sull obscure . 

As has been said before, there probably exists a profound biochemica ^ 

of the red cells which is most intense in Cooley s anemia, but may be presefl 
lesser degree in the other Mediterranean hemopathic syndromes other 

As suggested by Whipple and Bradford-^* ''"i for Cooley s anemia, m ^ _ 
syndromes of the group there is also possible the presence of an abnorm P 
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for Utilizing iron and elaborating hemoglobin This hypothesis is supported by the 
presence of erythroblasts with a red fluorescence in the bone marrow (Freudenberg 
and Esser"* and by other abnormalities in the metabolism of porphyrin 
(Lichcwitz'^®, VannottF'* , Tropp and PcnefP'Oi by the high values of blood iron in 
spite of the constant and in some cases quite marked hypochromia CPerosa*'”, 
Chini and Perosa*'’, Amato*, Cartwright*^), and by the variations m the resistance 
of hemoglobin to alkaline denaturation in Cooley s anemia (Vecchio^**, Bianco^*, 
Putignano and Fiorc-Donati’°') It appears, however, that there is no change in the 
crystallographic and spcctrophotometric charactenstics of hemoglobin (Marmont 
andBianchi'” >*”) 

In spite of the methodical work of Bussi^' and of Astaldi and collabora- 
tors,** *■ >2 ij Qjj crythroblastomctric curves and on bone marrow maturation, 
there is no conclusive evidence of the significance of microcytosis and on the 
question of its interpretation as a congenital abnormality 

LchndorfF,'** Caminopetros** and others CCbwi‘’, Gatto'” *** ***, Fanconi”, 
Heilmeycr*”, etc ) favor the hypothesis that the hematologic abnormality which is 
fundamental in Cooley s anemia, that is the Mediterranean hematological dis- 
otder, IS due to a process of mutation in some groups of Mediterranean 

populations 

That a process of mutation may have particularly aflteted some Mediter- 
ranean groups which are still recognizable from their facial configuration (width 
and thickness of the zygoma cheek bones) was pointed out by Gatto in 1^42. and 
recently confirmed by the results of investigations earned out by Graziosi,*** on 
fossilized skulls from the superior paleolithic ages found in Sicily 

The high incidence of the Mediterranean hematologic disorder in some regions 
(investigations carried out among Amencans of Italian descent by Valentine and 
Necpi* iiij in Italy by Silvestroni and Bianco”" **’, Careddu,** Careddu and 
htagrassi*!, Leoaatdi and collaborators**’. Bianco”, our own investigations still 
Under way, by Banton*’ in Cyprus), and the ctiopathogenetic connections of the 
disturbance with the various Mediterranean hemopathic syndromes, including 
Cooley s anemia, represent a sub.ect of great social importance The widespread 
diffusion and the intensity of the morbid cbaracrcristics which arc transmitted to 
their descendants by the carriers of the trait had been stressed by Chini*" m 1939 
and particularly emphasized by Caminopetros (1937, 1938) Such diffusion is now 
being more widely revealed through large scale investigations on the incidence of 
the Mediterranean hematologic disorder among the population of some districts 
of Italy 

Caminopetros” had suggested the necessity of advising the carriers of the trait 
against mainage The recently established evidence that Cooley s anemia onlj 
appears in individuals whose parents are both carriers of the Mediterranean 
hematologic disorder is of great importance in this respect, and especiall} if it 
"cccives further confirmation, will allow for a less extreme view with regard to 
•narnage limitations In fact, as suggested bj Silvestroni and Bianco,"** and as we 
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have been advising for some time to the family members of our own eases, it would 
be sufficient to discourage marriage between persons who arc both earners of the 
disorder 


Paleontologic investigations have revealed the presence of particular sLclctal 
lesions, especially of the skull, in the skeletons of individuals bclongmg to races 
now nearly completely extinct 

The analysis of skulls found in ancient cemeteries or bclongmg to mummies snil 
m a state of very good preservation, of skeletons from anaent native populations 
of Amenca, Incas from Peru (Wilhams”’*), Indians from Qjlombia (Fcmgold and 
Casc'°0i Aztecs from Mexico, Maya Indians from Yucatan (Moorc”°) (it should be 
noted that the Indians from the northern parts of South Amenca and those from 
Mexico appear to have a common origin) in some necropolises from Arkansas 
(Wakefield and collaborators, etc ), has shown the existence of the same typical 
and unmistakable skeletal lesions which we now find in mdividuals snffcrmgfiom 
sickle cell anemia, Goolcy s anemia, or, to a lesser extent, in cases of Meditcr 
rancan hcmopathic syndromes (Perosa and Viterbo, etc ) Not without fotinda 
tion do students of paleontology believe that the extinction of those 
populations was contributed to by the high incidence among them of some bl 
diseases which probably developed through processes of human mutanon on a 
widely hereditary and familial basis (Williams and Moore) The recent report 
cases of sickle cell anemia among some native populations of McxicOjW ose 
anthropologic charactcnstics arc very similar to those of ancient Aztecs (WaJ a 
and Killmgsworth*”*) has led some authors to bchevc that those remnants o a 
disappearing race have mheritcd from their ancestors some genetic 

We still do not know whether sucdi bone lesions arc to be ascribed to 
diseases similar to sickle cell anemia or to Cooley s anemia or to some ^ 
hemopathic condition with a more or less accentuated hemolytic charaetCT 
lesions, which radiologically resemble those found in Cooley s anemia are 
and in some cases qmte marked, m acholuric jaundice and in other forms o 

lytic anemia [Gansslcn"®,Caffcy”, Perosa and Viterbo,ctc ’ din^the 

to nonhcmopathic condmons The study of the paleohthic skulls foun 
caves of St Teodoro, Sicily, has revealed the presence in them of diffuse 
SIS (Gatto, Graziosi) Osteoporosis of this type has been observed by * 
prehistoric skulls in Egypt Owing to war rcstncuons and to lack of pro^ 
ment, we have been unable to carry out a group of invcsugauons w i 
planned here in Puglia (necropolis of Canne) We arc not aware that o er 
gations of this kind have been earned out elsewhere, except those of 
on xy skulls belonging to the Anatomical Museum of Catania, Sicily m 
the author found osteoporosis, in some cases a moderate degree of ra i 
of the skull ppp 

It can be assumed with some foundation that the diseases probab > 
ditions — which had been the cause of the charactenstic lesion of the sec > 

tnbuted to the gradual extinction of those ancient races 

Paleontology thus throws light on the history of disappeared pop * 
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mg new possibilities of interpretation It can lend justification to the warning of 
Caminopctros, because there is no doubt that the spreading of the Mediterranean 
hematologic disorder with its dominant character will inevitably lead, through 
an increase in the number of mirriages between carriers of the disturbance, to the 
appearance of an alwa} s increasing number of cases of Mediterranean hemopathic 
syndromes and of fatal cases of Coolej s anemia 
The study of the Mediterranean hemopathic syndromes represents a great 
chapter open to research which involves difficult problenis of clinical, historical 
and social importance 
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It Biol sper 29 393, 1945 

*• BuiACcai, V Esistcva il morbo di Cooley ncll America prccolombiana? Castaha a. 465 1946 
Butsi L Salla gcncsi della microatosi vera ocl cosidctto itttro cmolinco con rcnstauc ^obolm 
aumenute Sett Med 3^ 114 1946 

andSchiaviki a Contnbuco cmato-chimico alia conosctnia dell ittcro cmoliaco a resmouc 

globulari aumentatc Min Med 37 I 163 1946 
Btwaters E G L. The Cooley syndrome in an English child Arch Dis Chiidhood ij 173 195* 
** Catpey J The skeletal changes in chrome bemolyoc anemias Am J Roentgenol 37 193 1937 
** CAMiNOPETaos, J ErythroblasaLhi Anaimia Cgr ) Klimkd 24 1935 

L an6mic crythroblasaquc dcs penplcsdc la Mdditcrrantc onentalc Monogr Accad dAtbhw 

6 in 1937 

*• Rcchcrches stir 1 anemic crythroblasuquc infantile des peoples de la Mcditcnanfc ortenok 

Ann de M^ 4) 17 104 1938 

*® Caj^tnetto a. Studio anatomoradiologico dellc strurrnre dei panetali ncl confronto dci csntttn 
djsmorfia desenm na hmihjn degh enormia Boll Soc med chir Catania 7 441, 

^ Careddu, G Anemia splenica lofanctle c tcrapia attinica Riv CJin Pcdiatr jj i 1919 

** Os crvanoni soil anemia di Cooley in ^mclli Snidi Sassar med j! 3, 1940* 

« Leritroblascosi pcnfcncancllaancimadi Cooley Arch icaJ Brdiatr f 348,194^- 

4# Modifiamoni cosarunonali dclle resistenie globnlan c della bilirubincmia in tone di tpccuk 

freqnenza della malattia di Cooley Arch ital Pwdiatr 19 x8o 1943 

, AND Maorassi F Studi sulli cosaturione cmatologica del saidi BoU Soc.it BjoI sper ta 

315 1946 

^ Cartwriokt G E Dietary facton concerned in crythropoiesis Blood am, 15^ *947 
^ Cassano C Anemic cmoUtichc Forme pure c forme combinatc Bologna Cappelh Ed , 193^ 

AND Benedetti, G II Hudollo ossco ncila ipcrcmohsi costitunonaic Riv Clm ^ 

157 1940 

** , AND Iperemolisi cosunmooalc c discpausmo Rass Fisiop d cter 17 

Castaonari, G Intorno ad una paracolare sindromc osteoporoaca diffusa in un 
critroblasaca dell infauna Bull Sa Med Bologna loj 399 1933 

La sindromc radiologica dell anemia mcditcrTanca o anemia cntroblastica upo Uwicy 

Soc It Pcdiatr 3 313, 1934 

Catalano G La spicncctonua nclia sindromc di Cooley Pobd (Sea Chir)/# ar 7 » * 94 ) jj 
** Catel, W Ueber cm dcr Coolcyschcn Animic Shnlichcs Krankcitsbild Klin Wchnscnr 
L 848 1941 

Chini, V Smdreme di Cooley m adulto Boll Soc med chir Catania xSl, 193® ^ 

Su aJcimi rappora tra mfenonc malanca c sindromi npo Cooley Haematology 

Oncntamcnti modenu di clmica cmatologica c loro rapporn con 1 anemia mcoi 

suoi nflcssi stona c soaali Polid CS:a-Prat)^tf 671 1939 ^ 

“ Risulua della splcncctomia in alcunc cmopatic della sene rossa Med infcniar. 37 *^9 

La smdromc di Cooley anemia mcditcrranca ncll adulto Rass Chn Scicnt i 7 435 ^ 

“ Tcnuuvi chnia di siitcraanonc nosologica dei cosiddctti ittcn cmoliuci con rcsiitcnm g 

aumentatc Gazn med ital 194’ief ^03 1946 mcditcrrrKC 

“ Cnten di dassificanonc c sistemanooc dmica delle sindromi cmatologicnc 


SnppI t) *915 
ciso di ancfflir 


Progr Med ^ I, 1948 ^ 

*• Ferjlannini a , AND Muratore F Sul sigmficato di un azionc favorente 1 ^tjociuric 

da parte del plasma di individui con cosiddctti itten cmolinci con aumentatc rcsistcnm 
Boll Soc 11 Biol sper 16 711 1541 
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” > > AND PoNA, G Inditgini soil* facuhanti dcll anemia meditcrranea o morbo di Cooley 

Mm Med je I, 377, 1939 

*’ > Patiano , P , AND Nicotaa, A Pnnu n<ultaci di indagini fadiologiche snllo acheletro di 

malanci cromci Boll Soc med chir Caraoia # 536, 193S 

*’ , AND Pesosa, L Di no panicolare aspetto morfologico dei globuli rossi in anemie con anmentate 

reiistenzeentrocitane Boll Soc it Biol sper it 305,1941 

" , AND Sni rapporn tra ipocromiac sideremia nei cosiddetn itten cmoltua con iperresijtcoza 

globnlare Boll Soc it Biol iper aa. 6i£ 1946 

“ Cnm, G Splenomegaba cmolitica costittmona/e con critrocitosi ipocromica ed aumento delle 
rcjiAtenzc globular! Rass Fisiopat clin e ter ij 335, 1941 
“Cboaemis K., and SpruoFOOLos, J De I Geologic et dn traitment de I anemic type von Jalcsch 
Cooley Latrika chronilea /j ig36Cabstr) 

" , AND Ueber die Actiologie und Therapie der Cooleyacbef Anamie Jarhb Kmderb k 

317. 1537 

** CoLAiizi A Ittero emobtico cosatuzioaale coo alterazioni ossee npo Cooley ref Rif Med 77 
13s 1943 

, AND Biddau, I Anemie eritroblastiche aplenomegaliche dell mfanaia HI) La malatcia di 

Cooley Haematologicaaa. 351 1940 

** AND Anemie cntroblasticbe splenotncgabche familiar! PaVia, Tipogr Bunchi, 1940 

”CootET T B von Jakich s anemia Am J Du Child 77 786, 19x7 

** lakcncsses and contraiu in the hemolytic anemias of childhood Am J Du Child 7^ 115 7 
1918 

** Erythroblasac anemia Scntti med in onote di R. Jemma r 3i7 > '934 

' Hercdiuty facton in the blood dyscrasias Am J Du Child (i. S 1941 
” ■ A severe type of hereditary anemia with elliptocytosu Am J M- Sc aay 561,1945 

” , and Lee, O P A senes of cases of anemia vnth splenomegaly and peculiar bone changes 

Tr Am Pediat Soc 77 X9 1913 

, AND Erythroblastic anemia Additional comments Am J Du Child 77 707, jyya. 

. and R6Ie of erythrocyte fragmentation in the genesu of anemia J Pediat 7. 55 1933 

’* •, WrrwEa E R. and Lee, O P Aaemiz m children mth spicnomcgzly tnd pccnJizr bone 

changes Am J Du Child 77, 347 1917 

Cooper E L. Famil ial acholunc janndicc associated with hone changes Ann Int Med // S58, 
1941 

CoTTiNi G B Smdromc aneimca upo Cooley to soggetto con Joes congenita Dermosifil r/ 151, 
1940. 

’ CaAMEa, B — pets com to Thalhcimer 

CaosEm, L., and Bj^jardi G Prcsentaaionc di nn caso famiharc di splcnomegaha cmohtica con 
note ematologiche inconsnete Atti R. Accad Fuiocr Siena 7 14S <935 
Daixa Volta A. Splenomcgalia emolitica familiare cntrcmica (siodromc di Cooley) Arch it. 
Pat c Chn Med ij 34, 1935 

B W Target cell xnerma Am J M Sc 443 1940 

^ Mcdiccmucafl cxrgcc-oval ccU syndrome Am J M.Sc -'ff/ ^ 3 i ^943 

Hematology New England J Med a/7 434 480 1947 
“ akd SiNoja K- Fanulial nonhemoljrtic jaundice Constirati^D*! hepaac disfoncnon with 
^ indirect van den Bergh reaction Arch int Med 67 2.39 1941 

R.,LAirr M. MozEa,M. Sfa G and Kaplan S Maladic bfmolyuqne chcE deox jnmeani 
Avee dcs deformations cranio-facialc c< Iingualc Bali & M£m Soc Mid Hfip de Fans ^ 4^5 
^337 

I^Uataodde, R G Erythroblasnc anemia of Cooley Cf»milial cythroblasuc an emi a^ in an Indian 
Am J Dis Child tfj 190 1944 

th Guouelmo L. Morfologta significato biologico sigmficato clinico dcgli entroao a bersagbo 
Boi; Soc It Biol sper je 743 1945 

“ Salle comparsa di cntrocin a bcrsaglio nci leacetmci croma in corso di rocntgcntcrapiaA BoU 
It Biol sper ax 22x1 2946 
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•• DiscovfBE G AND Wattikson G Atypical anemia with spherocytosis and target cells cocmnitj 
m the blood Am J M Sc. 21} 153 1947 

Doouom G C II substrato malanco qaalc fattorc morbigcno Actamed pitav 4.1 1943 
DoMENicoNi G Morbo di G»lcy in adulto Gary. Op-d e Qm 6j 307 1941- 
” DoMiNia G Ittero precpacico aoemoliuco Lav CJin med Pcrugii / 5 1945 

Dondi G Prcsentaaionc di on caso di anemia splcnomegalica emohaca cosatononalc coo nnero- 
citosi c aamento di rcsistcnza Osped Magg Novara 12. 34 193$ 

Smdromi cmoliuchc nell infanaia Varallo Scsia Am graf Eh Grandi 1937 

Eliel, L, D AND Bayij 3 T B Microcync hypochromic anemia associated with splcnomcgilj sid 
refractory to rreatraent New England J Med 22J 134 1941 (Qnoted by Wollman and Dictstae) 
” Faber H K. and Roth B M Mcdttcfran-an anemia (Cooley) m a Negro girl J Pedutr il 
610 1946 

Fairlev N H Tr Roy Soc Trop Med & Hyg 34. 173 i94oCqaot bySchicber) 

Fanconi G Ehe hypcrchcomc Elliptocytco anamic and ihrc Diffcrcnoaldiagoosc gcgcnQbcf dci 
Pemmosa und den kagclicllanamtc Arch Kindcrh L 1/7 i 1939 

•’ Cooley oder Erythroblastcn anamic Schweiz med Wschr 72. 450 1942- 

Fawdry a L. Cooley $ anemia Notes on 6 adalt cases JAMA r/a. 955 ^ 94 ^ 

Feinoold B F and Case J T Ro ntgcnologic stall changes in anemias of childhood (erythro- 
blastic) Report of case a few notes on similar findings among stalls of Pcravixn Indians Am. J 
Roentgenol 29 194 1933 

” Ferrannint a and Mcratorr F Azionc dell acido mcotinico c della soa amide snih cnsi 
guigna in alcuDc forme di anemia Hacmarologica a/ 537 1941 

® AND' Ultcnorc contnbuto alio stadio di on aiionc favorente 1 cmolisi in vitro pus®^ 

di individm con cosiddctri ittcn cmolirici con aumentate rcsistrozc cntroatanc BoU Soc it 
Biol iper 22. 618 1946 

^ Ferrannini L Emoosteopana di Cooley 10 adulto Mm Med 33 II 57 * 94 ^ 

^ FiESCHi A Die Mictclmccranamia Verb dtsch Ges mn Med ya. 183 1940 
^ Fornara P L anemia di Cooley e I ittcroancima con micropoichilocitosi cd aoinenio dtU* resu 
(tipo Ricai Gr^ppi Michch) Ata 17 Congr it Pvdiat rj 4^5 ^ 94 ® 

ConstderaziODi stonche c gcografichc lull anemia di Cooley Gazz med ica! it 4 ^ 

Le noscrc conoscenze actuali tull ittcro-ancmia con micropoichilocitosi cd aumento 

rcsistcnza globularc upo Rictti-Grcppi Michcli Gazz med iral 106 69 1947 

AND Dondi G Spicnomcgalic cntrcmichc ncll infanzia con c senra anincntita emo 

Soc It Ematologia i 17 1936 

““Foster L. P Cooley s syndrome 10 a Chinese child Am J Xhs Child 39 81S 1940 
Francaviolia a ConsidcraziOEi sulla distnbazioDC jn Italia del morbo di Cooley 

“ Riccrchc sul morbo di Cooley Stndio clinico lu alcum casi di morbo di Cooley osicrrt 

Puglia Arch Sc Med 6^. 395 1939 

^ Frbudenbero E Ueber die Cooley Anamic ICIin Wschr 21 I zB6 194^ ^ 

“ AND Essbr M. Zar Pathogcoese dcr Coolcy-Animic ref Riv elm Pcdiitr 4* 5 ^ 

*• Frola G Azionc dell amide dell acido nicoanico m van casi di entrobUstosi cron 

it Biol sper J7 365 1942- irociranc 

Frontau G and Rasi F Itccri cmohtici con aumentate c con ndottc resistenze en 

Med iS n 349 1937 r^pl.clmo Arch it 

AND L cntroblascosi c i cmolisi oclla malatat di Cooley c di Ui b 

Pcdiatr c Pucnc 7 159 1940 

t* Galeone a II complcsso achilia ipocromia ferroscmibihti ncll ittero < 

Rictti-Grcppi Michcli Mm Med 33 I a6i 1944 , 1943 

*• Gansslen M Konstitunoncllc himolynschc Anamic Verb dtsch Ges inn ^ 

” Gardner L. B Cooley s erythroblastic an*mia in two Chinese boys J P^diatr it rcjiircft' 
Gastaldi F and Leonardi G Sopra un caso di icterus javenihs intermitiens 
globulan aumentate Riv elm Med 43 459 1947 
“ Gatto I Riccrchc sul nuclogramma nclla raalRitia di Cooley S*ctini ni d 55 
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^ Rjccrchc sui farailian dj bambini affcrti da nulattia di Cooley Soc ital Pc d -Sea Sicilia ocad 

14 Xn ip47 Ref Medic infant 1/ 17 1^42- 

^ Rjccrcbc sui fannlian di bambini affcrti da malactia di Cooley Arch ital Pcdiatr c Pnenc 7 

118 1943- 

Effctti della splencctomia nella malatcia di Cooley Boll Soc it Biol sper jj. 1009, 

L ipoc\oIutismo nella malattia di Cooley Giom di Med ^ 357 15146 

^ Thalassemia (microcartcroatosQ Giom di Med / i8y 1947 

SqIIc crcditarieti della malattia di Cooley Min Med jp 154 1548 

“•GniBAsi, M L anemia cntroblastjca di Cooley JO America e cei pac5i meditcTTancj La Fediatr y/ 

553 1537 

Govan C D Erythroblastic anemia of Cooley Observations on the effect of splenectomy performed 
in idenacal twins J Pcdiatr jp 504 1946 

GaAZJOsi P Gh nomini palcolitia della Grotta di S Tcodoro (Messina) Fircnrc Spmcllicd 15^ 

Geeenblatt I J , Cohn, T D and Deutsch, H L- Mediterranean tar^t-oval cell syndrome in an 
adult Chinese male Report of a ease Ann lot Med jy. 159, 1946 
^"Gazppi, E. Ittcro emolitico familiarc con aumento della rctistenza dcllc cmazic Min Med f U 
I, igzS 

L ipcrglobuha microatica (microcitou vera) con aumento della rcsistcnaa osmoticamassima 

come vancti cmatologica ncl quadro dell itccro emohneo pnmiavo Min Med atf I 409, 1935 
***' Sagli itccri cmolitici con aumento della rcsistcnaa globnlarc Mm Med atf I, 409 1933 

Grjnnak, a j Roentgenologic bone changes m siclcJc cell and crythroblasDC anemia Reporr of 
nine cases Am J Roentgenol 34. 197 1935 

**’Haden R L, and Evans F D Sickle cell anemia in the white race Arch lot Med 60 

HBLUETEa L. Blutkrankhciten Btrlm J Spnngcr 1942- 
'**HiT2acrr J M Unclas iffed type of splenomegaly 10 children Ann Snrg W 361,1923 

Diaz C Morales PLEO kZUbL o Paniagua E , Roda E and Romeo Oreeoozzo J 
Anemia infantilis ostcodisplastica (Enfetmedad dc Cooley) 

Rev Oin Espaff 6 1943. 

Iroramia G Ipcremohsi cosatuxionalc con microcitosi cd aumento dclle rcsistcnze gJobuJan 
La Clta y. 183 1938 

^^Introzzi, P Anemia ipocromica splenomcgalica cmoliaca con ovalocitosi (cllitucitosi) poichiJo- 
cifosi cd aumento dcllc rcsistcnzc osmotichc dci globuli rossi Splencctomia Hacinatologica 
„i 5 M. 1935 

Kato K. andDowket, H The hematology of aythrobUsuc anemia (type Cooley) Folia hacmatol 


55.1933 

Kohlbach W Bcicfag tur Klinik un Rocntgcndiagoosuk dcr Coolcyschcn Erythroblastcnanamic 
Fortichr Rocnegenstr 64, x8i 1941 

hEHNDORTE H Die Erythroblasicnanamic Erg inn Med /p 568 1936 

Leonard! G Casula G , Trucchi, O Carcassi U La cosarunonc cmatclogica dci sardi con 


particolarc nguardo ad alcuDccmopanc a sfondocmobuco Bell Soc it Biol sper zl 733 1946 
Leone A and Ldoas E Sulla aocmia cricroblasnca con osieoporosi ([sindromc di Cooley) Qid 
P cdiatr iS 463 1036 

141 T * ^ 

LicHTwiTz, L Pathologic dcr Fuoktioocn und Rcgulationcn Leiden A W Sijt Uctgever 1936 
Malaouzzi Valeri C Sul sigmficaco del sintoma ittcro ncl disordinc cmatologico meditcrraneo 
Sett med (in press^ 

^'alamos B and Dbujannis G B-obachningco flber die Erythroblastcnanimic dc$ Mittclmccrcs 
^erh dtsch Ges ion Med jz 197 1940 

^^anai a La anemia splenica cmolitica dci malaria cronia Giom Qin Med iS 62.9 1937 
MANDc\nLLB F fl Roentgen ra> findings in sickle all anemia and hfcditcrrancan anenua Radi 
^ .530 

armost a II midoIJo ossco cd 1 fattori tnielopatici nella sindromc anctnicoirtcnca di Ricfti- 
JJ, Greppj Mjchcli Gata med ital id( 8S 1947 

^ AVD BiAsaii V Soli importanaa dci fatten corpuscolan ncl detcrmimsmo della s-eloati dj 
'cditncntaaonc nella sindromc di Rictti-Grcppi Michcli Boll Soc it Biol sper ^ 1049 ^ 94 ^ 
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^ , AND La framincDtaticne globulair (tchistomicroatosO ncl midoUo dcllc tncmic opa 

Rictti-Greppi Michcli Progr Med ^ 606 1947 

^ , AND Sepra un nuovo fcoomcno di framincntazionc degU entroaa dcIU thalaiscmji. BoDu 

Soc It Biol sper 2Z. 1047, 1946 

, AND Importania del fenomcni cntrodasnci, etc Pathologica 9 1947 

**• AND Ulttnon nccrclic sm fatten corpuscolan ncUa vcloati di tcdimcottiiooc ocUi 

smdromc Rictu-Grcppi Michcli BcU Soc it. Biol sper 2} 73 1947 

and L cmoglobina oell aocmia opo Rjcm-Grcppi Michch 0 Propneti cnstallogrtficbc. 

Boll Soc it Biol sper aj 1038 1947 

, AND id II) Analisi spettrofotomctnchc Boll Soc it Biol *pcr is 1061 1947 

Mattm, C Ultenon osscoaaoai in tema di ittcro cmolmco a rcsistcnic globnlan aumentitc rtl 
Polid (See. Prat ) 1197 1947 

McIntosh R and Wood C L An inquiry into the genetic factor in Cooley i ancmii Amcr J 
Di 5 Child 64. 191 1941 

Meui-knqbacht, E Icterus intcnmttcni )uvcnihs (Chronischcr intcrmitticrcnder lavoiilcr 
icterus) Kim Wichr r/ I 118 1939 
***Micheu F Splcnomcgalic cmohciche 35 Congr Soc it Med mt 191.9 

pENATi F and MosnouANo Lkvi G Anemia ipocromica splenomcgalica con cllittocitwi 

poichiloatosi Atu Mem Soc Lomb Med 3 739 1935 

**• AND Ultenon ncerchc sull anemia Ipocromica splcnotncgalica con poichilodton 

Am Soc ital Ematologia i 3 1933 

Muxs E S Thalassemia Arch mt Med 62. 1004 1938 , , 

“•Moniouano Lbvi G In tema di nosograhsmo dell anemia cinolinca costittmonxle con poi ' 

citoii-ellittiatosi ipocromica Mm Med 3/ I, 150 1947 

***MoNCHErr A andWhttbt L. E H Cooley s anemia Lancet x 648 ^934 . 

Mooas S Bone changes m sickle cell anemia with note on similar changes obserred in i 
anaeot Mayan Indians J Missouri ed A atf 561 1919 intiaUrr 

MnaATOtE F Ricctchc sulU fatmUartci del cosiddetto ittcro cmobtico con iperrcsistCDia g 
Progr Med Suppl 3 14 1947 / j r rtm)- 

— — LcmoUsi ncllc cntropatic con micnxlhtto-poichjloatosi iperrcsiEtcnte Rjf Me 

iTi andCihceixa C Lc granulaaiom basofilc ncl sanguc midollarcc penfcriconcllecntropa 

Riem-Grcppi Michch Boll Soc it Biol sper 2s 934 1947 lobflhrf 

, and Dell Aquixa A La microcicosi ncl cosiddetto ittcro cinoli tico con iperrcxiitcnii g 

Boll Soc It Biol sper 22. 967. 1946 bncocoo 

, AND Fiorb Donati L. L cUittoatosi midollarc c pcnfcnca ncl cosiddetto ittcro emo 

iperrcsistenza globularc Boll Soc ic Biol spec 22: 968 1946 „ 

Nbel j N and Valentine W N The frequency of thalassemia Amcr J M- 
AND Further studies on the genetics of thaJasicmia Genetics 32. 3® ^947 

1^* Neri F and SouMiNi, O Un caso di imdrotnc di Cooley m adulto PlicI (Sez aw/-*- 
Nicotra A Indagim sulla famiJunti dell anemia mcditcrranea Radiol med 26 710 
Nrrns S and Spiuopoulos G Similitary of erythroblastic anemia and chronic or 
malaria Am J Dis Child 34 60 1937 
OuvA G Soil Ittcro prccpaaco ancmolitico Rif Med 33 1038 i945 
Ortolani M- L anemia di Cooley m gcmcllc monoconc U Lattantc 7 3^3 375 *93 
*•* L cmoostcopatia di Cooley Mm Med jt I 191 1937 

*•* Ueber die sogenannte Coolcyschc Erkrankung Mocatsch Lmderh fc 7* ^74 *93^ Lattantc 7 

and Castaonaju G Contnbuto alio studio della cmo-ostcopatia di ^ 

777 *93^ 

*“ and Costa L. La splcncctonua ncl Morbo di Cooley Ref Rif Med O M Bolop’* 

AND Vat.tjsneri E Su tTcntaduc cast di smdromc ancmica di Cooley u 

III. X55 1940 

Pachiou R. La miclosi cntrcmica cromca tipo Cooley Qm Pcdiatr 22. SSf 7 *94 
*•’ Panopp a Beitrag rur Cooley An3mic Mschr Kinderh L 73 1^4 *93® 
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Pakoni G MiclobUstosi {imiUarc c diatcsi cmolitica nci coosangumci di una infenna afictta da 
ictcro emoliuco faimliarc Arch ist Bioch ital } 183 1931 
Faxaciso F Sa di tm caso di cntrcima con ipcfcroSa del cuorc Arch ital Pedutr c Pucnc / 405 

1533 

*** Su alcnni casi di anenua con cncroblastosi cd altcrarjoni schclctnchc a base prcvalentcmcntc 

ostcopOTonca Pcdiatr med Prat 9 319 1934 

‘Raaza creditaneti c infcaone palostrc oell caolo^a dell anenua di Cooley Gaaz mecL iral 

lo^iej IX, 1946 

Patxassj, G Konsaraaonell fatmliarc und erwofbeoe CholSmje Ztsch Kim Med X85, 1943 

AND Taoliovi V Circa 1 csistcnxa dcIU colemia costinizioaalc c familiarc Atti R ist 

VenctoSc Lett Arn / ax. H, 73 1943 

and Ultcnorc contnboto alia conosccnxa dcgli scaticolenua Actamed Patav ^306 

1943 

and L ittcro cmoliaco cojtituxjonalc cllittopoichiloatjco Actamed Patav 7 43 1946 

^**PfHD M., AND Lexiche, F SoT 1 anfamc dc Coolej ref K- 2 n>l inn Med 70^613 1940 

, AND Noel, R- Sor Ics ^rythfoblastoscs dc I cnfancc Arch m£d des Enf 41 3x1 1938 

PzxosA, L. I globnli rossi bersagUo c loro sigmhcato Haematologica 26 13 1943 

La farr mia c 1 assorbimento del ferro cci cosiddeta ittcn cmolitici con rcsistcnzc globnlan 

amneotate Boll Soc it. Biol sper 20 618, 1945 

AND PtmoNANo T I globuli fossi x bcfsaglio oclla malaria Boll Soc it Biol *per 77.641 

1946 

AND ViTEXBO, F Stndio radiologico mile Icsicm osscc nell ittero cmolitico con iperresistenza 

globnlare Boll Soc it, Biol sper 77. 1063, 1946 
PmcE M. I EfTthrobUstic anemia A chmeal study Am J Dis Quid 61 634 1941 
Pinchexle, M. Presentaaone di doe casi di sindromc di Cooley Ball Sa Med Bologna zc6 169 
1934, and zot 1x9 1936 

, AND ScAOUETTi O Miclosi cfitrcmica ostcopaticx Arch lul Pcdiat c Poeric 6 loi 1948 

PoNTom L. Entrcmia cromca familiarc tipo Cooley Haematologica zi 377 1937 

Lcntropatia cUiptopoichiloaaca apo Ricta-Grcppi Micheli con imcrootosi ipocromica cd 
aumento della rcsistcnra osmonca Haematologica 24. 479 194X. 

PnrroNANO T , and Fioxe Donati L La resisteoza cmoglobmica ncl Morbo di Cooley c forme 
affim Boll Soc it Biol sper 24. X77, 1948 

Racdono a Modificaaom del chimismo gastneo in bambini affetu da miclosi cntrcmichc 
cd cntrolcuccmichc infantum Qm Pcdiatr z$ 691 1936 
Ravenna F andCannella C Una forma naova di gravr anemia infantile assoaata ad ostcoporosi 
diffusa PolicI (]Scz. Prat ) 807 1943 

RiEm F Sugli ittcri cmohtici pnmiavi Atu Accad Sa Med Ferrara 7. 14 1914-X3 
■ Lc ittcnnc Bologna Cappclli, 19x3 

Let ictircs himolytiqucs avee augmentation dc la rtsistcncc globnlairc Ann dc Med 41 405 
m 

^ di ittcn cmoliaa coo rcsistcnzc globnlan aumencatc Min Med 29 LI 95 193® 

' Gli iiten cmohtici con rcsistcnzc globulan aumentate ncl qnadro dcllc anemic cmoliachc 
iiT Gazz med ital 104-ioj 1946 

111^°^ ^ ^^diirc himolytischc hypochromc Anamic Hciv Med Acta je 31 1943 
it» p ^ » »ocmi» Proc Roy Soc Med 41, 1948 

^ ^ Falls H F Hereditary (Sex linked^ anrmi a Am J M. Sc a/r 641 194^ 
Sanoio«oi M. Reperti di emiuc a bersaglio in ratti parassitan Boll Soc. it Biol sper 17 483 

J94J- 

ttl C X 

“'sovt L. Splcnomegilia emohtici costitnaonale con microato i rcra ipocromica cd anmento 
^ delle resistente globnlari Arch Sc Med 6j 1 1938 

a^llama a Contnbuuon i 1 itnde dc 1 antmic dc von JaUch Lnzet i forme familiale da type 
Arch Mfd dci Ent <t 356 1938 

aiacoolu K Coolcyschc Anaraic in der Tarket Wien med Wchaschr 93 117 1943 
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^SCHIEBE* C Tirgct-ccll anemia Two ease* m Bucharan Jews Lancet a. S51 1945 

=» Scorn DotTOLAsR avoRos-ctsi L. L anemia dei malanci acuti c cronici Arch Matachanoa j£, 

1947 

^^SiONOREUj S Mielo 1 eritremica crooica tipo Coole) Boll Soc med dm Catania ; 636 1,3- 

" SiLSEmiovi E Anemia microcitica costitutionalc Policl (S-z Med)// 197 1944 

Modemi onentamenti sui fatton ctiopatogeneiici del Morbo di Cooler Polid CSci. Pni) 

S 4 . 1147 1947 

AVD Bianco 1 Pnroe oiscnaziom di rcaistcnac globnlan anraenute in so^gcni same 0341x0 
ira qu*sn soggetti c i malati di cosiddctto ittcro cmoliaco a rcsijtcnic globnlan awnnitiir BolL 
c Ata Accad m-d Roma 69 XI 3543 

^ resisrenza osmotica d-Ilc cmazjc ncj soggetti normiU Pont Accad ^CKct-, 

Gjmmcnutioncs S 633 1944 

AND ■ SuII csistcnza ncU uoino di una pamcolarc anomalia cmatologica cosanmcnik 
Boll e Atti R Accad racd Roma yc 44 1944-45 

Mjcro-drcpaoocito-ancmia id un soggetto di raiza biaoca Boll c \cti Accad. nei 
Roma 76 347 i944-'45 

AND Dimostrauonc ocll uomo di ura panicolarc anonulia ctnatologica costinirccik 

PolicI (Sea Med ) ja. 105 1345 

AND - Singolarc associauonc di anemia microcitica cosntozioDalc con diepmooioacccu 
Policl (SC2 Prat ) jj 165 1346 

^ ~ Riccrchc sulla ctiopatologia del M di Cooley Mio Med ^7 11 91 19,^ 

AND Una pamcolarc anomalia cmatologica la microcircmia Min Med 37 A 

1946 

and Microciicmia Ric Morfol aa. 1946 

** and - Rjccrchc luj famjliari jam di malati di Morbo di Cooler Ric. Morfol aa 194® 

AND • AJcuol daa nassonuTi di nccrchc climche gcn^nche cd enutologiche $nt 
tra anemia tmcrccitica costituaiotulc c M di Cooley Mm Med 3J I 5S7 1947 

and - Naove nccrchc sulla trasmissionc crcdiuna della microatetma Policl (Sci.Prst*) 


14 . 1359 1947 

’ and Aicunc osservaaom sui fanulian di malau di Morbo di Cooley c snUa frcqnenn ^ 

porcaton di microcitcmu ncl Ferraresr Ric Saent c Ricostruz 37 V 1947 

and - Nuo\x nccrchc soil caolcgia del Morbo di Cooley c pnme osservanom ^ 

quenra della microcircmia ncl Ferrame Xfin Med 37 1 105 194S 

AND Gentiu M Qualchc osscrvazionc antropologica sui portaton di nucroatcnna 
Morfol 22. 194S 

’ ^ SiMONETTi C Studio radiologico dcllc Icjioni osscc ncl Morbo di Cooley I-iClin i 91 ^ 

^ SiMONdi II CoizzA R Un caso di anemia cntroblastica tipo Cooley Splcncctoroia Om Pedutr jf 
671 1936 

SiNOER K. Mjllee E B andDameshek W Hematologic changes follovi-mg spI'O'ctomj Ara-J 

M Sc a#a 171 1941 

Smith C. H Familial blood studies in cases of Mediterranean (Cooley s) Am J 1 ^* 

6j 681 1943 

Diagnosis of anemias in infancy and childhood JAMA 95^ *947 . 

SovENA E AND Amhannitt L SuIIc lodfcazioni c sagh effem immediati c cardi'i d lU sp 
tomia Am c Mem Soc Rom Chit 3 17 1941 
Speqe R Considcrazioni a proposito di on caso di iitcro cmolitico con resistcnze globolzrj ac 
tatc Min Med jz. I 504 194* 

Sptliopoulos G De la nanirc dcs lesions obscrvcc> sur Ic squelettc dans 1 aniimc tjpe von Ja 
Cooley Jatnlca chronika 1936 (abst grccL) ^ 

^Xclchcr Natur sind die bci dcr Coolcjschcn Anamic auftretendeo Knochenwaodenmg^* 
Kmderh k 14S 319 1937 

^’Stillmann R G Astud> of von Jaksch s anemia Am J M Sc./// 1*6 1917 

Sransct E. and Rzdala a G Erythroblastic anemia following splenectomy J 
6j 859 1942. 
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SrttAim M. B Dalavd G A and Fox H J Familial microcytic anemia Observations on 6 
cases of a blood disorder in an Italian family Am J M Sc 291 30 1941 
*^Testoun M- Splsnora^galia craoluica cosrituzionalc con aum nto d-lla resistcnza globularc mas- 
sima oMlocitosi c poichilocitosi Clin rad ital 6y 155 1936 

^ andAnoelini G Contnbuto alia conoscenza di sindromi anemico-cmolinchc splcnomegalichc 

con aumento della resiscenza globular: massiraa Osped Magg 21 175 1933 
^^’’THALHKiMEn E J M rzzu tti a and Gershon-Cohen j Cool y 5 anemia (Mediterranean anemia) 
with a report of a cast in an adol-^ent J Pcdiat 14 349 1939 
Toscano F II quadro clinico della malattia di Rjctti-Grcppi Michcli Gazz Med ital 106 83 

1947 

®*TiusiBU5n B Entropoicsi cd amid- nicoiinica Boll Soc ital Biol sp r 17 963 1942- 
**^Trikcaq C Formas frustes da Docc^ dc Cooley A Medic contemp 43 t 45 » ^945 

Troit C , and pENEFT L Quantitative klioischc Hamporphynn untersuchungen Dtsch Arch 
klin Med zSo 411 1937 

UssEOuo G ano De Matteis F Ultcnorc contnbuto alia conoscenza dell iperemoU i familiarc 
con aumento della resiscenza osroonca d-i globuh rossi Min Med a/ I 861 1934 

AND Massobrio E IpcTcraolisi coJCiruzioQtlc COO attmcoto dcllc rcsijccnzc globuIaTi Min 

Med 2 s I ^3 1934 

*** Valentine W N and Neel J V Hematologic and genetic study of the transmission of thalas 
senna Arch int Med 74 185 1944 

”*Valusneri E Su treota casi di sindrome ancmica di Cooley Policl infant i 145 1940 
^Vannotti a Porphyno' and Porphyrinkrank iceo Bn-lLn J Spring r 1937 

Vecoiio F SuIIj f,si5C-nzi d 11 craDgbbiQS alli d naturazion alcalioa negli ammaJati di anemia di 
Coolty c n-i loro fimiluri Progt M d ¥ zoi 1948 
VooRmBS N W AND Sloan F R M dit-rran an anemia J A-M A /a/ 33L, 1944 
Wakefield E G Dellinoer S C and Casip J D A study of tht oss-ous remains of the mound 
bmldets of Ea tern Arkansas Am J M Sc 193 488 1937 
Wallace S A and Kilunosworth W P Sicklemia in the Mexican race Am J Dis Child ;o 
izo8 1935 

Wanq Ch Y and Kjioo F Y Hemolytic an-roia with crythroblastcmia A report of three eases 
seen in Chinese infants R-f K Zbl inn M d 107 190 1941 
Whipple G H and Bradford W L Racial or familial anemia of children associated with funda 
m ntal disturbance of bone and pigra-nt ra tabohsm Am J Dis Child 44 336 193a- 

AND' Mediterranean diseases Thalassemia Associated pigment abnormalities simulating 

hemochromatosis J Pcdiatr 9 179 1936 

*^*Wiluams H U Human pileopithology with some original observations on symmetrical ostco 
porosis in the skulls Arch Pathol 7 839 1919 

Wiktrobe M M Matthews E Pollak R and Dodtns B M A familial hemopoietic dis 
order m Italian adolescents and adults JAMA ir^ 1530 1940 
Wqllman I J and Dickstein B Changing concepts in m-ditcrrancan (Cooley s) Anemia Am 
J M Sc 212 , 713 1946 

*^‘WoLLSTEtN M, AND Kreidel K V FamiUxl hcffiol) iic ancoua of chiMhood Am J Dis Child 
3 P 115 1930 

Zuelzer W W Pathogenesis of anemia in mfanc) ind childhood JAMA t)4 99S 1947 



THE USE OF EXCHANGE TRANSFUSION FOR THE TREATMENT OF 
SEVERE ERYTHROBLASTOSIS DUE TO A-B SENSITIZATION, WITH 
OBSERVATIONS ON THE PATHOGENESIS OF THE niSFARE 

^ A S Wiener, M D . I B Wbxeer, M D , and J G Hum, AB 

TN previous papers,* ^ a method of treating crythroblastouc i nfan t by ci 
J- change transfusion was desenbed In the eases reported, the disease had been 
produced by sensitization to the Rh* factor Despite the publication of several 
we ocumented reports,*"'® it is snil not universally appreciated that typical 
cryt roblastosis can also, chough rarely, result from sensitization to the A and B 
actors The purpose of this paper is to describe two unusual eases of severe erythro- 
blastosis caused by sensitization to the A and B agglutmogens, respccuvcly, which 
were treated successfully by exchange transfusion In addition, observanons will 
be described which arc of significance with regard to the pathogenesis of wch 
cases 


Matehiaxs and Methods 

T^tnost oJenaal rest m mating an antenaul diagnosis of oythioblastosis is the otration of tit 
iretilx^es in the maternal semm not only m cases cansed by Rh sensmation but also m those prodoetd 
by A-B sensiuration However, we have found that the methods which are optimal for utraMg alpia 
aM beta antibodies are not the same as those which have proved best in our hands for aaituig Hi a™" 
bodies This seems to be due m part to peculianaes of the agglutinogens and m part to peculiannod 
the antibodies 

With regard to the agglutmogens or haptens these arc pccsumably spaced at regular mtcrvals 

**F the red cell and the followmg cvidcocc is available to mdicatc that the A and B hapten 
are far more numerous than the Rh haptens ■’ (i) Red cells and stomata give much higher tneno 
inhibition tests with auu A or anti B sera than with anu Rh sera '* CO Agglntmogens A and B arc nwrt 
potent antigens than Rh however, thu may also be explained on the basis of priming ■' (3) Although 
propedy performed Rh tests yield jnst as distinct teacuons at ordmary A B tests, the clomps are nmeh 
more agile m the Rh tests mdicatmg a smaller number of combining pomts CO *^'i*hilc alpha and beta 
anubodics frequently produce comjilete lysis of scnsmvc cells in vitro as well as m vivo m vino ha«d 
ysis 1$ rarely seen in the Rh tests and then only in minimal amounts ‘•This again is prcsnmibly doe to 
the smaller number of combimng pomu on the ted cell envelope. Cj) The abihty of strong muTalcnt W 
anubodies to block Rh posiuve cells in contrast to univalent alpha and beta antibodies can be asoibed 
to the smaller number of specific Rh pomts to be coated '« These differences between the Hb »od A B 
antigens could be expected to influence the optimal methods for their demonstration 

With regard to the natnre of the antibodies the alpha and beta annbodies occur naturally while ^ 
Rh antibodies are practically always the result of aenve sensitization The Rh anubodies are of tm>m]ot 
agglnumns Cbivalcnt anubodics) and blocking anubodics or glnumns Cnnivalcnc antibodia) 
Umvaicnt anubodics are tclauvcly heat stabile and traverse the pUccnul bamet readily while biTiIcot 
anu-bodics are more heat labile and appear to be held b> the intact placenta.' Thus ai h« 

pointed ont ptevionslyi"-n ,t u the nmvalcnt anubody and not the bivalent anubody whieh a«ia 
t c placenta and pcodoccj fetal crythroblajtosis For demonstrating nmvalcnt RJi an tibodies the 

From the Blood Transfusion Division and the Department of Pcdiatncs of the Jewish 
foooLlyn N Y . and the Serological Laboratoiy of the Office of the Chief Medical Exinuncr of b 
YorkOty 

Read before Socict> for the Study of the Blood New York February 17 1949 
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mg test® IS the least sensitive method the plasma-cooglotmation test^* is about five to twenty times as 
scQsiDvc as the blocking test the albumin plasma test” 1$ about two to four times as scnsti\c as the 
plasma-conglatmation test while the acaaa-conglatioauon test described below 1$ about half as scnsi- 
ave as the albumin plasma test * 

In the ease of the alpha and beta antibodies the demonstration of speafic glutinins (univalent ana 
bodies) 15 considerably hampered by the practically unixcrsal presence of iso-aggluamns in human 
scrum Of course if the titers by the conglutination method arc substantially higher than by the agglu 
tmauon method the presence of the uni\alent antibodies may be inferred However, in most eases the 
presence of univalent antibodies can be demonstratedf only by mdirccr means such as by their ability to 
traverse the placental bamer For demonstrating univalent alpha or beta anubodics the blocking 
test cannot be used at all We do use the plasma-conglutinaaon methed but do not use the albumin 
plasma method because this gives no more scnsinve results than the plasma method The most satisfac- 
tory results for univalent alpha and beta anubodics were obtained by us with the acacia method to he 
described below In our hands the antiglobulin method was not satisfactory for demonstrating tmi 
valent alpha and beta antibodies 

Before dcscnbmg the actual technics used a few genera l remarks arc necessary, in view of the con 
tmned appearance of reports claiming extras agant aters as high as 8r million units With the methods 
iwcd m our laboratory we have hardly ever obtained titers as high as or higher than ten thousand amts 
The excessive values reported in the literature arc probably explained by faulty technic esp cially by 
carrying over when making scrum dilutions To avoid this pitfall we nse separate tubes of saline in 
order to nnse the pipet thoroughly betwe en dilutions When extr a ordinarily high rircrs arc obtained the 
atrations arc repeated stamng with an accurately prepared dilution of the scrum eg 1 to 10 or 1 to 
lOQ, depending on the titer expected Moreover a different pipet is used for each scrum and each blood 
suspension. The uter is taken as the rcaprocal of the highest dilation giving a one plus rcacuon A 
typical utranoQ should end somewhat in the following fashion +++ H — hi — hj+ri: ri*, tr — 
On the other hand tf the acraaon ends in the following manner +-}- ± tr tr , — 

the technic is suspect and the acraaon should be repeated instead of taking the last one pins rcacaon 
as the end point To consider hardly disanguishablc rcacacns such as the trace or rfc level as the end of a 
acraaon is cenaxoly unsafe and this probably accounts for some of the false high aters re p ort e d in the 
htcrarune 

The maximal agglutmaaon titer which may reasonably be expected to exist can be determined by 
converting agglunmn aters into milligrams of antibody protein per cc. This has been done in detail by 
Barrett and Tnpp** for bacrcnal aggluunms while Kabat and Bezer*® have made similar detemuna 
aons for alpha hemagglutinins by the method of prccipitanon using as the anagen a solution of purified 
A substance For example these latter workers have found that an ana A scrum with a atcr of 512. units 
contains about 60 micrograms of aoribody nitrogen pcrcc This estimate appears to bcconscrvanvc when 
one considers that red c^s have about 8 to 16 umes the diameter of baacnal cells so that a a ter of 511 
for red cells should correspond to a neer of 64 for bactcnal anugens or about 500 micrograms of antibody 
oitrogcn per cc according to the work of Barrett and Tnpp Using the more coaservauve esnmate table 
1 was constructed It wnll be seen that a atcr of 16 oco units which is the maximum that has ever been 
encountered by this laboratory corresponds to about mg antibody per cc. or about in. grams per 
cent Thu would mean that about one half to one third of the scrum globulin would have to be in form of 
antibody which is not an unreasonable concentration for bight) immunized individuals In the 
aght half of the table arc listed some of the higher uters examples of which have been reported in the 
literature It will be seen that the highest atcr claimed namely 82.,ooo 000 units would imply a scrum 
containing about 60 grams of protein in the form of antibody per cc. 

For titrating alpha and beta antibodies fresh blood suspensions of groups Aj and B were used rou 
ancly and in some cases also blood of subgroup A| Group O blood was always inclnded as a check on 

* Under ideal conditions the antiglobulin test of Coombs ct aJ **and Morcschi *giv cs arers about rwo 
to four times as high as the albumin plasma tcchmc * 

t Perhaps the method of fracuoaating Rh antibodies bj dialysis devised by WitcbskT’ ct al ^ could 
^ applied succcssfullv also to alpha and beta antibodies 
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the spccifiaty of the reactions Saline luspcnsions were prepared washed once by centnfapaon, mi 
the sediment resuspended to mal.e a x per cent suspension Into each tu e ni® umde dumctir) 
in a series was placed a drop of a corresponding series of progressively doubled dilations of the scram o 
be titrated eg undiluted \ J i, etc When titrating alpha antibodies adropofsmpcnsiooofblocdd 
subgroup Ai (or occasionally also Aj) was added to each rube while group B cells were used for atntmi 
beta antibodies The mixtures were shaken and placed in a water bath or incubator at 37 C for ooc bw 
The tubes were then gently shaken and the reactions read with the naked eye and checked nnda the knr 
poucr of the microscope The results of this reading constituted the saline or agglatmanonatcr Tooct 
rube was then added a drop of the acacia solution desenbed below and the mixture shaken and mu- 
cubated for another hour The results of the reading after the second hour constituted the acaoi-coo^l^ 
tination titer A duplicate titration was set up in saline media at the beginning of the first hour, and after 
the cells had sedimented completely all of the supernatant fluid was removed from each tube with th: 
aid of a fine capillary piper To each tube was then added a drop of oxalatcd plasma, group A plism 


Table i — Cofrtlatton bttuiea "R/il Oil A^lxttnm Ttter ami AetibeJjf Oftattrdtm 


Red ceil agitlutimn 
titer (units) 

Approxinute concentration of 
antibodies 

Red cell agglutinin 
titer (units) 

mp N'cc 

mg protein/ 
cc 

1 

OOOII 

0007 

10,000 

X 

OOQll 

0014 

40,000 

4 

0004s 

ooi8 

So, 000 

8 

0009 

0056 

160,000 

16 

0019 

Oil 

310,000 

31 

0037 

0X3 

640,000 

64 

0075 

047 

i,x80|00O 

118 

015 

094 

1,560,000 

156 

03 

>9 

5,1X0,000 


06 1 

38 

10, 3.40,000 

1,014 

11 

76 

10,480,000 

1,048 


» 5 

40,960,000 

4,096 

48 

3 0 

81,910,000 

8, 191 

96 

6 0 


16,384 

‘ 9 

11 0 

1 


Apnroiimale ctjocentratfoa ti 
antibodies 


Gm N/cc. 


ooni 

00^5 

009 

019 

0}7 

07s 

15 

3 

6 


i i 

1 4 
4 8 

9 6 


Cn prcrim' 
cc. 

014 

015 
036 
11 

47 

> 9 

)« 

7 5 

15 0 
30 0 
fio 0 


being used for the alpha titrations and group B plasma for the beta titnuons The cells JesigoiK*^ 
the mixtures incubated for a second hour and the reactions read The results of this test 
the plasma-coogluunation titer gfims of 

The solution used for the acaai-conglutinacioo ntratjon was prepared by diiso 
gum acacia and i gram of dibasic sodium phosphate (KaiHPOO in 90 cc of distilled water ^ u 

at once m the autoclave at 10 pounds of pressure for ten minutes ’’ The rcsuloog opa - qtcU 
usable for a long time if kept sterile It is important nor to use too much heat when ob«fva 

soluDOD Will not be active Presumably excessive hearing splits the acaaa as indica 
non that such preparations arc less viscous and more transparent instead of opalescent 


Case Reports b^dbeen 

Gfie I The mother of this patient was referred to us because in ronunc antenatal jxar 

found to be Rh negative and her husband Rh posinvc Her first pregnancy after 

previously with the birth of a 7 pound 4 ounce infant who was delivered two wee F powah^*®^ 
a labor of about eighteen hours This child exhibited neither /aundrcc nor anemia ^ ^ 

well The morher had never received any blood or plasma injections The mother w 
entenng the second trimester of her second prcgnaincy 
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Grouping and Rh Hr tests done on the prospectnc parents and the first child gave the results shown in 
table 2- Also included m table 2. are the results of the salna tests done on the family at a subsequent 
date 

Tests for Rh antibodies done on the mother $ serum at this and subsequent exarainauons ga\e negative 
results by the agglutination method and the albumin plasma and acacia conglutination technics so 
that it ^^as dear that she was not sensitized to the Rh factor In view of the incompaubility in the major 
blood groups, the alpha and bcu antibodies in the mothers scrum were titrated The rcsultsof these 
tests arc shown in table 3 which lists the titers of alpha and beta antibodies as determined b) the ag 
glutination method and by the plasma and acacia-conglutination methods at various intervals through 
out the remainder of her pregnancy In view of the cxcraordmanly high anti B titer (average about z-4 
thousand uni ts) we felt that she was carrying a group B ferns (cf Polaycsctal *' 0 ^bo might well prove 
to be erythroblastotic but on the basis of B sensitization rather than Rh sensitization 

The mother went into spontaneous labor at term and delivered a 7 pound 4 ounce male infant who 
appeared to be normal except for some cyanosis of the extremities and very mild jaundice Examination 


Table z- — Gmtptrtt, and Kb Hr Ttsts tn Otse i 


Blood of 

Group 


Rh-Hr Type j 


Phenotype 

Genotype j 


Father 


B 

Rh. 

R»R« IT RV 

Seerctor 

Mother 


0 

rh 

rr 


Daughter 

(ist child) 

B 

Rh 

R'r ^ 

Sccretor 


Table 3 — Ktsnlts 4/ Ansai^sl Anttbod^ Ttfratsms m Smtm sn Csst / 


Ifmc of Test 

Rh tnti 
t>«u« 

Titer for Asrh ceils io 

Titer for Brh ceils in 

Date 

Week of 
gestation 

Saline 

Plasma 

Acacu 

Saline 

Plasma 

Acaaa 

6- 1-47 

'3 

None 

100 

too 


5,000 

4,000 


r- 9-47 

18 

None 

3° 

60 


1 , 800 

1, 800 


8-10-47 

M 

None 

48 

48 


4,000 

10,000 


9-11-47 

z8 

None 

6a 

50 


0 

ON 

>4,000 


>1-10-47 

36 

None 

50 

300 

800 

ZjCXX? 

z,ooo 

8,000 

11-5-47 

39 

None 

40 

30 

IZO 

1 , 600 

1 , 600 

3, zoo 


of the cord blood yevealed that the hemoglobin conceatration was 11 grams per cent and the white blood 
cell count 31 450 per cu ram There were 11 nucleated red blood cells per 100 white blood cells on the 
smear The icterus index was 36 units The infant was found to belong to group B type MN type Rbe 
Despite the fact that the baby belonged to group B it was possible to demonstrate free beta anubodi-s 
ID addition to alpha antibodies in its scrum by the slide technic an unprecedented finding up ro that time 
10 our own crpcncncc 

In View of these obscr\ations there was no doubt that the baby had erythroblastosis fetalis but due 
to B sensitization rather than to Rh sensitization in accordance with the prediction It was therefore 
decided to treat the infant with exchange transfusion using blood of group O One group O Rh negate c 
wd one group O Rh positive donor were selected each of whom bad low urersofann BaggJorinins 
m his scrum The Rh positi\c donor was selected as a control in order further to test the conclusion that 
Rh sensitization had nothing to do wtth the patient s illness By the time the preparations for the pro- 
cure were completed the jaundice bad incrca^ marLcdly (the icterus index detcrmiocd sabsequcntl) 
r*^'cd to be 64 units by the acetone method as against 36 units at bmh) and several pctcchiac had ap- 
on the face 

Ri'v hundred cc of b!cx>d were drawn from each donor into 60 cc of citrate solution and this frc'h 
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blood mixed with lo cc of a solaiion of A aod B group substances* was used for the transfoaesL K 
total of 91X) cc of the citratcd blood was introduced into the saphenous sxia at the ankle while fiioct 
of blood svcrc remos ed from the radial artcr) at the wTist o\*cr a period of a hours and 40 minutes. Hep- 
arin was used in the usual waj to facilitate the bleeding, and calcium gJaconarc injected in fricnofli) 
doses to counteract the effect of the citrate injected The baby withstood the procedure well 

The folhnwg morning the bab^ s color was good and there was hard!/ any noticeable jaundice. 
The blood count at that time was hemoglobin concentration, 15 9 grams per 100 cc , and white blood 
cell count ii 400 per cu ram Two days after the transfnsjon progress seemed to be satisfactory except 
that edema of the legs and dorsum of the feet was noted This subsided within twenty four hours Oa 
the third day the blood count was as follows hemoglobin concentration 17 4 grams per ico cc., red 
blood count 5 8 million per cu mm, white blood count ixyoopcrcn mm polymotphonoclcar leuko- 
cytes 77 C14 band forros^ myelocytes 3 monoc) tes, 6 cosmophilcs la no nucleated red blood cells 
wxrc seen on the smear (As has been pointed out previously ’ the cosmophilcs arc regarded as doe to the 
presence of an antigen antibod) complex in the infant 5 body ) The remainder of the baby 1 stay in the 
hospital was uneventful A blood ccraot done on the sixth day showed that the hcmoglobui coucentra 
tion was 14 I grams per Joo cc , the red blood count 4 8 million per cu mm and the white blood count, 

13 150 pier Cu mm Differential count showed polymorphonuclear leukocytes 33 (8 band forms) myd^ 

cytts, i cosmophilcs 17 lymphocytes 44, and monocytes, 6 On the eighth day the percentage 
cosmophilcs had fallen to 1 and on the eleventh day the infant was discharged 

When the baby arrived home diarrhea dcscloped with loss of weight down to 5 pounds 14 ounces at 
the end of three days The diarrhea was treated at another hospital with starvation parenteral ^ 
and blood transfusion It is of interest to note that at that hospital the baby was typed as group 0 
that the traxisfusionisc refused to accept our word that the infant really belonged to group ® ^ 

the infant contmued to receive group O blood It was not until the baby was seven weeks ow 
diarrhea was under control and the baby regained its birth weight 0/ 7 pounds 

The infant 1 subsequent physical and mental dc\*c 3 opmcot has been normal He held ms ha 
age of 3 months and sat at 6 months When seen again at the age of 10 months he waghed 13 
was 30 inches long and was beginning to walk His general demeanor was bnght and he was respoon 
to his environment 

Of particular interest were the comparative studies of the antibody 
the maternal and infant s scrum at birth, and the subsequent course of the anti 
titers in the baby s serum after delivery As shown in table 4, tbc baby 
had free alpha antibodies in his scrum but also had substantial amounts 0 
beta antibodies despite the fact that he belonged to group B Ordinarily, any 
antibodies passing into a group B fetus would be expected to be absoroc y 
baby s cells and body fluids, leaving no free antibodies in the plasma On y w 
a large excess of antibodies filters into the fetal circulauon can free incompa 
antibodies be expected to be demonstrable in the baby s scrum, )ust ^ ° ^ ^ 
severe erythroblastosis due to Rh sensitization Judging from the amount 
valent alpha antibodies present in the baby s scrum, namely, about lOO 
could estimate that | to | of the maternal alpha antibody titer in plasma or^^ 
medium represents univalent antibody If we assume the same proportion 
maternal beta antibodies, one could postulate a titer of about 500 to 
of beta univalent antibodies capable of filtenng through the placenta, ^ 

presence of 80 units of free beta antibody in the baby s scrum docs not 
ccssivc under these condinons . 

That these babies arc not lulled outright by the incompatible anti 0 les 

* Obtained from Sharpe and Dohme 
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seem remarkable at first sight However, at least two protective mechanisms* 
appear to exist which prevent such an outcome, namely, the low concentration of 
conglntinin in the fetal plasma" and the differences in sensitivity between the 
red cells of the newborn and those of the adult ” Univalent antibodies coat the 
cells of the infant, but without the aid of the third component, conglutinin, cannot 
clump them, so that until the process of maturation provides sufficient conglutinm 
the disease is held in abeyance The lower sensitivity of the fetal red cells serves 
to work m the same direction The titrations reported here were earned out with 
red cells obtamed from adults and not with blood from infants, so that the titers 
are actually somewhat misleading In fact, tests of the baby s plasma agamst its 
own red cells did not produce clumping even in the presence of adult plasma or 
acaaa, indicating that the unabsorbed free beta antibody in its plasma represented 


Table 4. — Compar/sta af Antibody Titers in Mjtemnl Semm and Infant s Seram at Birth and after Birth 

(Case s') 


Scrum 

Titer for Airh cells 

Titer for Airb cells j 

Titer for Brh cells j 

Ictenu 

Saline 

Plaa- 

ma 

Acada 

Saline 

Plas 

ma 

Acacia 

Saline 

Plasma 

Acaaa 

Index 

Mother tt delivery 

160 

lafO 

480 

5 ° 

100 

140 

x, 56 o 

4,oon 

5,000 

— 

Baby t cord serum 

3 * 

40 

96 

3* 

30 

80 

3 * 

16 

So 

36 

Baby s semm before 

transfnsioa 

0 

11 

1 

160 

1 

1 0 

1 

1 

i ] 

1 

9 

H 

64 

Baby t semm after 

uantfnsiOD 

-r 

30 

196 

1 0 1 

£ 

10 1 

i 

1 "*! 

£ 

16 


Baby s semm at i week 
of age 

ii* 

10 

1 

! 18 

1 

' I* 

1 1 

3 

3 

^ i 

0 

3 

14 


* Tiic rcacnons indiCEted by astensk* thoagh occximng in saLne media, arc probably due to 
conginanation rather than agglntinatiOD similar to the phenomenon somenmes noted when ti- 
trating nnivalcnt Rh antibodies in sahne media 


that component incapable of reacting with its own group B red cells It -will be 
noticed that the antibodies disappeared relatively rapidly from the baby s cir- 
culation, as indicated by the much lower titers found at the age of one week, at 
which time the excessive numbers of cosinophiles also disappeared 

When the baby was bom, 10 cc of a solution of group substances had been 
introduced into his umbilical vessels This had no appreciable effect, however, in 
arresting the progress of the disease, so that the exchange transfusion was earned 
out It will be seen, moreover, that despite the injection of group substances there 
ssas only a partial reduction in the antibody titers between the time the babj was 
bom and the time the transfusion was started Tests done later on showed that 
the bab) was a secretor The observations in this case as well as in others Cef page 
1018), therefore, indicate that Lcsine s assumption” that maternal alpha and beta 
antibodies affect onl) babies svho arc nonsecrctors is not correct This phase of 

* The possible cxiiiciicc of other protecure ficton in the body of the fetus and newborn may p-ove a 

profifaWc ficIJ for invcsTi^uon * ** 
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SEVERE ERYTHROBLASTOSIS FROM A-B SENSITIZATION 


the pathogenesis of erv throblastosis fetalis caused by A and B sensitization will 
be discussed in greater detail later on 

Case 2 The mother of this b»b} was first teen by us in Owtober 1546 when she was referred for pOTp- 
ing and Rh Hr tests because of the following histor) She had never received any m^ccuon of blood cr 
plasma and had had onl) a single pregnancy which terminated on December 6, 1943 with the binb ofi 
male child This first baby became )aundiccd 24 hours after birth and was given a blood transfusion whai 
he was a few days old He was still jaundiced at the age of nme days when he was discharged from the 
hospital and the parents reraarked that the jaundice persisted for several weeks at home ThischiMu 
alive and svcll and has no sequelae of his neonatal illness Groupmg and Rh Hr tests dorie on the fnuHj 
at the time of the first Msit gasc the results showm in table 3 

These results prosed that the Rh factor had nothing to do with the baby s li/ness and suggest tiir 
sensitization to the agglutinogen A might be the cause Evidence suppcining this surnusc was obtiiflcd 
by titrating the maternal alpha and beta antibodies when it was found that the ntcr of alpha antibodio 


Table 5 — Gnap/ng ami ^h-Hr Tests tn Case 2 


BJood of 

1 

Grottp eod 
fubgroup 

Rh Hr type 

SiHn 

Phenotj’pe 

Genot>’pe 

Father 

A. 

RhiRhj 

R>R» RV f'R» Rv etc. 


Mother 

0 

RbiRhi 

R>R> or RV 


1st child 

A. 

Rh.Rh, 

RiRi » 7 - RV 



Table 6 — 'Rtsmlts of Alpha and Beta Titrations on the Maternal Scratn in Cast 2 Btfert and Dsttsi 

Second I^egnamy 


U eek of gestation 

Titer against Ai cells fn 

Titer crib b 

Saline 

Plasma 

1 Acacia 

Saitnc 

1 FIlBU 

Aacu 

Oct 1946 (not pregnint) 

loo 

i,x8o 


ho 

1 100 

t/Oi 

Jane ii, 194S (17 weeks) 

M 

48 

' 400 

M 

48 

loo 

Angnit It 1948 (35 weeks) 

56 

150 

300 

10 

40 

100 


was considerably elevated especially by the conglutination method (cf table 6) despite the long 
tcrval of almost three years since the child had been bom 

The mother became pregnant for the second time 10 1947 but this jjrcgniocy 

tancoui abortion at two months She became pregnant for the third time in 1948 and was retes 

1948 when her pregnancy had progressed to xy weeks At that time titrations of the alpha 
antibodies showed that their uters had fallen considerably (cf ublc 6) One month later there was 
increase in titer but not to an alarming degree 

The patient a female infant weighing 8 pounds 13 ounces was delivered rt- 

Jaundice was present at birth although the baby appeared to be normal otherwise A bl ^ 

vcaJed a hcmoglobm concentration of 16 9 grams per loo cc an nocorrected white blo^d cc ^ 

XI 500 per cu mm 44 per cent polymorphonuclear leukocytes of which 14 were band 
phocytes 6 monocytes and about 100 nucleated red blood cells per 100 white blood cells ^ 
Examination of the cord blood showed that the in^t belonged to group A and that the c 
had an icterus index of44 units by the acetone method Moreover while the baby * th- 

sospension in saline they clumped sponuncously when suspended in plasma or acacia 
bal^ belonged to group A free alpha antibodies could be demonstrated m her scrum hy a 

tjon method In ^ jcw of these findings a diagnosis of erythroblastosis due to sensitization to 
tinogco A was made and 10 cc of a solution of A and Bg ojp substance were administered intrar 
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Dnnng the forty-eight hours following hirth there was a slight drop in hemoglobin to 13 5 grams per 
ICO cc and the blood smear then showed only 17 nucleated red blood cells per 100 w b c However, 
the aundice inaeased markedly so that the icterus index reached ii8 units by the acetone method 
A second injecuon of group substance was given, and in view of the progressive nature of the disease it 
was deaded to do an exchange transfusion using group O donors 

Accordingly 500 cc of blood were drawn from each of the two group O Rh positive donors into 
60 cc of sodium citrate solution To each bottle of blood were added 10 cc of a solution of A and B 
group substances Nine hundred cc of citratcd blood were introduced into the baby by way of the 
saphenous vein at the ankle while 8on cc were removed through the radial artery over a period of 
two hours Hepann was used to facilitate the bleeding and calcium gluconate was injected in fractional 
doses to counteract the effect of the injected citrate The baby withstood the procedure well By the 
foUowmg morning the jaundice had appreciably diminished However six hours following the trans- 
fusion, the baby s temperature rose to 103 F and remained elevated for 48 hours No abno mal physical 
findings were dcrectcd to account for the rise in temperature The patient was given routine prophylacuc 
pemciUm injections, ao 000 iimts every three hours, as is done with all infants following exchange 
transfusion but because of the rise in temperarnre this was continued for three days instead of the usual 
twenty four hours 

By the time the baby was one week old there was no further evidence of erythroblastosis The icterus 
mdex had fallen to 4 umts and the patient was discharged from the hospital on the eighth day of life 
At the age of ii days the baby was well the hemoglobin concentration was 13^ grams per too cc the 
red blood cell count was 4 51 million per cu mm and the white blood cell count 8,aoo jicr cu mm 
polymorphonuclear leukocytes 31 (3 band forms) lymphocytes 33 monocytes 10 eosinophiles 4 
only 1 late nonnoblast per 10 w b c on the blood smear The lacms index was 4 units and the baby s 
blocd reacted as group O there being no trace of its own group A blood demonstrable The baby was last 
seen at the age of four months when she was perfectly well and exhibit d no sequelae of her illness 

That this baby was so severely affected came somewhat as a surprise, in view of 
the relatively low titers obtained m the antenatal titrations of the alpha anti- 
bodies in the maternal serum A test made on the mother on the day of delivery 
showed, however, that there had been a substantial increase in the alpha anti- 
body titer of the maternal serum (cf table 7), particularly by the conglutination 
technic, and this explained the findings in the baby In this case as in the previous 
one, the injection of A and B group substances had no noticeable effect in arresting 
the progress of the disease, and there was only a rather disappointing drop if anj , 
in the titer of univalent alpha antibodies in the baby s serum Cef table ■f) There- 
fore, exchange transfusion was resorted to, and the clinical improvement which 
followed was so prompt and dramatic that there can be hardly any doubt that 
the baby s rapid recovery was due to the transfusion 

The alpha antibody titers were followed in the baby , and in tests made nine 
days after birth it was found that the antibodies had almost entirely disappeared 
(cf table 7) On the other hand, tests done on the mothers scrum showed no 
significant change in titer It is important to point out that at the end of the trans- 
fusion the baby still had significant amounts of alpha antibodies in its plasma 
Despite this, her clinical condition improved, indicating that the alpha anubodies 
ffr St arc not toxic to a group A baby in the absence of group A cells ssith which 
they can combine Thus, the antibodies apparently produce organic damage onh 
through the blood stream, presumably by clumping the cells and blocking the 
circulation, and contrars to the assertion of some workers, do not react dircaly 
On the organ cells’* b\ virtue of the specific antigens that such cells arc supposed 
to contain 
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Normal Babies and Their Mothers 

The two cases which have just been presented raise the question as to what 
findings arc obtained when group O mothers have normal group A and group B 
children, i e , without clinical jaundice or anemia If we arc to asenb: significance 
to the high antibody uters obtained in these two eases, it is necessary to demonstratt 
that the titers in normal eases arc appreciably lower 
Until recently, no studies had been made concerning univalent alpha and bcti 
antibodies in normal individuals, in fact, until the Rh blocking anubody was 
found It was not appreciated chat such antibodies existed at all It was generally 
accepted that the natural alpha and beta antibodies were agglutinins reacting 


Table 7 — Comp^rtsen cf the Titers »f Maternal Semm and Infants Seram at Berth and Befert aiJ After 


Exchange Transfnstpn (Csst 


Scrum 

i Titer a/tainst Ai , 

cells in 

Tiler against Ai cells 

Titer tpht 
In 

rtB 

Ictero 

Saline 

PlAI- 

ma 

! Acaaa 

Saline 

Plas 

ma 

Acaaa 

Saline 

Plas- 

ma 

Acadi 


Mother at delivery 

140 

650 

6,400 

140 

440 

4, 800 

60 

140 

400 

- 

Baby s cord serum 

0 

X 

40 

0 

0 ■ 

16 

li* 

15 

60 

44 

iiS 

Baby s serum before er 

° 1 

6 

IX 

0 

3 

3 

ii' 

3 

M 

change traosfution (age 
48 hours) 








64 

64 


Serom of ist donor 

— 

— 

— 

5 

48 

40 

8 


Serum of ind dooor 

— 1 

— 

— 

6 

10 

10 

6 

80 

So 

48 

Baby after exchange trans 

0 

10 


0 

10 

xo 

0 

XO 

10 

fusion 











Mother i wL after dc 

— 

— 

— 

140 

310 

x,5oo 

40 

80 

160 


livery 








j 

4 


Baby s scrum at i wk of age 

— 

— 

— 

0 j 

i 

I* 





* These reacaons probably represent conginananon rather than agglunnation (c£. foo* 
cable 4) 


better at refrigerator than at body temperature ’’ These alpha and beta agg 
were supposed to develop spontaneously in the scrum as a sort ° 
process of the normal scrcun globulms, and were not considered 
of immunization Individuals of all four blood groups were behev to p ^ 
both alpha and beta agglutinins, but the incompatible antibodies were 
to be neutralized as quickly as they formed That the normally matunng g 
should have alpha and beta sjjecifiaty did not appear entirely 
one considered that globulms having such spccifiaty could also be o tai 
bean extracts ** Therefore, the idea seemed reasonable that the natura ^ 
beta agglutinins arc normal scrum globulins of large molecular size, jJjqiJJ 
mcapablc of traversing the placental barrier and doing harm to the^^a^ mcom 
It belong to any mcompatiblc group Consequently, when a baby pfcseoce 
patiblc group developed jaundice and anemia, this was ascribed*’ to t c 
in the maternal scrum of sintvahnt alpha and beta antibodies, presum 
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result of iso-immunization These concepts have to be modified somewhat in the 
light of findings which arc now to be presented 

In table 8 are listed a random senes of cases in which mothers had normal babies 
belongmg to compatible blood groups It will be seen that the titers of the alpha 
and beta antibodies in these mothers are in an entirely different range from the 
titers exhibited by the mothers of the two babies treated by exchange transfusion, 
and as would be expected, the icterus indices of the cord scrums were also within 
the normal range for newborn infants The ratios between the titers of the alpha 
and beta antibodies in the maternal and infant s scrums vary according to the 
method of titration used In only a minority of instances was it possible to demon- 
strate the presence of anubodics in the infant s scrum by the agglatinauon method 
(in sahne media), and then m such low titer as to suggest that these reactions 
were actually due to conglutination* rather than agglutination By the conglutina- 
tion method, in both plasma and acaaa media, closer agreement is found between 
the maternal and infant s titers, and in some instances the aters arc even equal 
According to these findings, as well as evidence presented clscwhcrc,*“ it would 
appear that the antibodies present m the infant s scrum at birth arc always glutinins 
(univalent antibodies) derived passively from the mother, and that the maternal 
alpha and beta antibodies arc usually mixtures of umvalcnt antibodies (glutinins) 
and bivalent antibodies (agglutinins) rather than pure agglutinins The proportion 
of glutinins to agglutimns seems to vary from person to person In occasional 
instances, the alpha and beta antibodies are not demonstrable, or only barely so, 
m the baby s serum despite a substantial titer of antibodies in the maternal scrum, 
presumably because the latter are essentially pure agglutinins which cannot tra- 
verse the placental barrier 

In view of these findings it is evident that the concept that natural alpha and 
beta antibodies arc always pure agglutinins must be discarded, since a large pro- 
portion of normal individuals possess univalent alpha and beta annbodics as well 
If we wish to adhere to the concept that umvalcnt antibodies arc produced as the 
result only of active sensitization, the question would arise as to how such sensi- 
tization could be produced against the A and B factors In the course of a lifc-timc 
It IS not difficult to imagmc how A and B factors could be introduced mto the 
body through food, or infection, or vacemes administered for protceme immuniza- 
tion, in view of the ubiquitous nature of A-likc and B-hkc antigens 

Since man) normal individuals possess umvalcnt alpha and beta antibodies 

* The assertion that the antibodies in theinfaot iscnimatbirth arc alwaj$glutimc$(umsalent anti- 
bodies) maj seem to be contradicted by the nnmerous studies in the literature including some of onr osvn 
earlier papers dealing With alpha and beta agglutinins in the scrum of newborns Hosvcs’cr before 
the Rh blocking antibodies were found it was not appreciated that umvalcnt alpha and beta anribodies 
canted and so any clumping of A or B specificity was assumed to be agglutinanon and to be p-oduced bv 
aggluunins In retrospect there seems hardly any doubt that in our earlier studies we svere actually dealing 
with conglutination and not ssuth agglutination Under favorable conditions conglunnaaon som-timei 
occurs in saline media For example while American workers found Rh agglutinins in less than half the 
mothers of crythroblasrotic babies, Bntish workers reported that about jS per cent of the sera from such 
w omen contained Rh aggluunins \\ c now know*^ that the Brinsh svo-kers were dealing wuth cm 
glutination which occurred in their tests despite the use of saline blood suspensions 



Table 8 — Ccmpartson of Ttfers tn Msftrnal and Infant s Scrums m Casts tn vhtch tht BJhJ 

Ccmpattllc 


Crtt^sm 


TitnUon medium 


Anti A titers (units) 

Anti B titers (onlts) 

Mother 1 Baby 

Mother j Baly 


Jet era 

|ri^ 

(asri 

KnsD) 


Mother group O baby group O 


I 

Saline 


0 

11 


Plasma 

80 

IX 

14 


Acaaa 

80 


70 

1 

Saline 

M 

(0* 

3 ’- 


Plasma 

40 

6 

XI 


Acaaa 

64 

IX 

50 

3 

Saline 

6 

Oi) 

40 


Plasma 

10 

3 

40 


Acaaa 


IX 

70 

4 

Saline 

80 

0 

IXO 


Plasma 

160 

I 

X40 


Acaaa 

140 

X 

480 

5 

Saline 

8 

(li) 

16 


Platmi 

XO 

8 

40 


Acaaa 

90 

3 ’- 

48 

6 

Saline 

10 

0 

80 


Plasma 

IX 

0 

9 ^ 


Acaaa 

xo 

5 

156 

7 

Saline 

11 

(3) 

XX 


Plasma 

xo 

0 

3 ^ 


Acaaa 

IXO 

16 

51 

8 

Saline 

xo 

(il) 

IX 


Plasma 

14 

IX 

xo 


Acaaa 

80 

40 

60 

9 

Saline 

IX 

0 

IX 


Plasma 

10 

0 

xo 


Acaaa 

3 - 

10 

11 

Mother group A baby group A 

10 

Saline 

0 

0 

IX 


Plasma 

0 

0 

— 


Acaaa 

0 

0 

40 

II 

Saline 

0 

0 

4 


Plasma 

0 

0 

IX 


Acaaa 

0 

0 

11 

IZ 

Saline 

0 

0 

6 


Plasma 

0 

0 

XX 


Acaaa 

0 

0 

XX 

13 

Saline 

0 

0 

xo 


Plasma 

0 

0 

40 


Acaaa 

0 

0 

XX 

14 

Saline 

0 

0 

31 


Plasma 

0 

0 

64 


Acaaa 

0 

0 

48 

15 

Mother gro 

Sahne 

□p B baby 

60 

0 

0 


Plasma 

15 

— 

0 


Acaaa 

60 

si 

0 

16 

Salirc 

64 

0 

0 


Plasma 

M 

0 

0 


Acaaa 

80 

3 

0 


64 

(0 

6 

(ij) 

6 

xo 

OD 

10 

16 

(lO 

8 

M 

(3) 

M 

^o 

OJ) 

o 

16 

(ll) 

u 

3>- 


j} 

(0 


A 


* Kgurcs in parenthesis probably represent coogluanaaon despite 
Cions m saline media (cf footnote to table 4) 


the occurrence ( 
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capable of traversing the placental barrier, it might be expected that when the 
mother carries a fetus of an incompatible blood group hemolysis of the fetus s 
cells should be inevitable As already piointed out, however, the principal pro- 
tccuvc mechanism in the baby seems to be the relatively low sensitivity of the 
A and B agglutmogens of the newborn s red ccUs, so that only when the umvalent 


Table 3, — Cempansen of Titers in Matemol nnd Inf an! s Strum tn Casts Wien the Blood Groups Are 
Incompatttlc but tn tebteb tkt Infant ts Ncrmal 


Case no 


Anti A titers (amts) 

Anti B titers (units) 

Icterus 
index of 
cord 
serum 



Mother j Baby 

Mother | Baby 


Mother groap O, baby group A 


I 

SaUflc 

6 

0 


0 

8 


Plasma 

6 

0 

3 

tr 



Acaaa 

6 


12. 

2. 


2. 

Saline 


0 

16 

CO* 

8 


Plasma 

li 

tr 1 

10 




Acicii 

8 


M 

6 


3 

Saline 


0 

5 

0 

— 


Plasmi 

to 

0 

3 

i 



Acaaa 

40 

0 

12. 

3 


4 

Saline 

6 

0 

40 

CO 

— 


Plasma 

1 

0 

40 

3 



Acaaa 

6 

0 

64 

11 


5 

Saline 

lO 

0 

64 

0 

— 


Plasma 

48 1 

0 

80 

3 



Acaaa 

80 

i 

J18 

5 


6 

Saline 

80 

0 

60 

Ci 4 ) 

11 


Plasma 

160 

I 

X40 

10 



Acaaa 1 

Z40 

2. 

430 

10 


Mother group O, baby group B 

7 

Saline 

10 

(i 4 ) 

4 

0 

10 


Plasma 

la 

4 

10 

0 



Acaaa 

40 

M 

16 



Mother group A, baby group B 

8 

Saline 

0 

0 

56 

0 

— 


Plasma i 

0 

0 

400 

0 



Acacia 

0 

0 

800 

0 



* Rgurci in parenthesis probably represent coogluanaaon despite the occurrence of the re 
actions in saline media Cef footnote to table 


alpha and beta antibodj titers of the mother reach extraordinarily high levels 
docs harm to the baby result A remarLablj similar situation exists in cattle as 
has been recently found bj Yeas 

For purposes of comparison ivc have listed a senes of antibodj \alccs obtained 
in cases in \Nhich mothers had normal babies of incompatible blood groups (cf 
tabic 9) It will be noted that the titers were s\ithin normal limits in every 
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SEVERE erythroblastosis FROM A-B SENSmZATlON 


instance except one (case 8), in which a group B baby of an O mother was apparently 
unaffected despite a relatively high titer of beta anubodies in the maternal semm 
Here one may postulate that the beta antibodies were almost entirely of the bi 
valent vanety 

Statistical Evidence Concernint the Role of the A-B Factors in IcrEsn 

Precox 

One of the reasons why the role of isosensitization to the A and B agglutinogens 
in produemg fetal and neonatal morbidity and mortality was not recogmted earlier 
is that the manifestations usually are mild, and cases such as those described at 
the beginning of this article are rare In typical cases, the baby develops only a 
mild jaundice, usually on the first or second day of life, and there may be a shght 
fall in the hemoglobin concentration The disease is then arrested and recovery 
usually occurs without treatment in four to five davs, although in more severe 


Tabli io — Rilatttt FrtfMtmy #/ Cemfatith ami Immpatthlr l<iaitngs m Fjletm u tit OrzKjl 
hiamfettattons m tht Ftlas and Kttchem ^ 


CUniciI mBAifestaUan 


Toul 


COTpaUble 


Tfi rrert plliblc 


i 

ca 5 «» 

i Nomber 

j Per cent j 

1 Nnabcr 

1 

Unexplained neonacaj jaondice or aneaua 

9 -) 

1 

■9 

1 -0 1 

75 

Two or more aboraons 

89 

■13 

47 3 

46 

Erythfoblaitosis doe to Rh scnsiaration 

iJBi. 

1 - 3 ’- 

Si 1 

so 

Miscellaneous* 

377 

2.38 

63 3 

■39 

Theoretical discnbucion in random maciags 


— 

65 



79 S 
5^7 

17 8 
36 7 
}5 


* These compnsc all normal and abnormal infants nor included m the ocher categoncs- 

cases one or more blood transfusions may be required This syndrome ^ 
designated icterus prccox by Halbnecht,’ in order to distmguish it m 
called phsysiologic icterus Among 60 cases of this type, Halbrecht 
57 (95 per cent) the blood group of the infant was incompatible wi 
the mother, in contrast with the frequency of only 2.6 5 per cent 
fants among a, 000 normal maternity cases This finding has been co 
Wiener et al who found that 34 (or 81 per cent) of 4a infants with P 
dice and ancima belonged to blood groups incompatible with those 0 
mothers 

When the blood of the child is not available for testmg, statisci 
ceming the role of the A and B factors may be gathered by comparmg t ® 
groups of the father and the mother If the father s blood group ^ 
with that of the mother, the mating is said to be mcompanblc, u ^ 

blood group is compatible, the maung is said to be compauble In ta e ^ 
have mdicated the relative incidence of incompatible and compatib '^^*,1^05,5^ 
vanety of clinical conditions including icterus prccox, typical erytiu 
and repeated abomons Among normal pregnancies the expected inci cn 
compatible matings is about 35 per cent In contrast to this, among 
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unexplained neonatal jaundice and anemia, as many as 79 8 per cent of^the matings 
were incompatible, indicating that A-B sensitization must have played a part in 
at least a majonty of these cases On the other hand, among 2.82. famihes with 
crythroblastotic infants due to Rh sensitization only 17 8 per cent of the matings 
were incompatible, indicating that group incompatibihty of the infant s blood 
reduces the likelihood of sensitization to the Rh factor * Incidentally, m patients 
with two or more unexplained earl) abortions the incidence of incompatible mat- 
ings IS 52. 7 per cent, which is higher than the frequency of incompatible matings 
in the normal population, and suggests that a certam percentage of these may 
perhaps be due to A-B sensitization as has been previously pointed out 
by Levine 

The Secretor Type in Relation to A-B Sensitization 

In order further to test Levine s theory that A-B sensitization occurs only in 
babies of the nonsecretor type, the saliva speamens were examined m a senes of 
14 families with typical serologic and clinical findings of erythroblastosis due to 
A or B sensitization The findings on these families are listed in table ri It will 
be seen that all of the affected babies in these families were secretors, which would 
seem to disprove Levine s contention Of particular interest arc families 6 and 7 
in which the babies are secretors even though the fathers arc nonsecretors 

Our results suggest that it is actually a disadvantage for the baby to be a secretoi 
since this increases the likehhood of sensitizing the mother (cf Smith^') Pre- 
sumably the group substances in solution in secretions could traverse the placental 
hamer more readily than intact red cells Moreover, smaller amounts of solutions 
".ontainmg group substances are sufficient to sensitize than are intact red cells 
For example, as little as o 2. cc of autoclaved saliva administered intramuscularly 
Can stimulate a nse in isoagglutinin titer ** 

Parenthetically, the cases listed in table ii show a remarkably high incidence 
of cerebral sequelae It will be important to ascertain if this is maintained in a 
larger series of cases of A-B sensitization 

Comment 

Summanzing the evidence which has been presented tonceming the pathogenesis 
of erythroblastosis due to A-B sensitization, the first requisite is that the maternal 
scrum contain univalent alpha or beta antibodies A high percentage of normal 
individuals possess such univalent alpha and beta antibodies, but the) arc usually 
of onl) moderate or low titers In cases of Rh sensitization, even a weak univalent 
Rh antibod) is often sufficient to cause disease in an Rh-positi%c fetus, though 
the scscrity is correlated with the height of the antibod) titer On the other hand, 
that a low or moderate titer of imivalcnt alpha or beta antibodies is usuall) rela- 
tive!) harmless to the infant suggests the presence of a special protective mechanism 

" It wai prc\ louslj" suggested hy one of ns*^ that this phenomenon could be explained on the basis of 
competinon of antigens Another plausible explanation is that any group incompatible fetal blood 
Hhich might leaL into the maternal circulation would be rapidly eliminated before Rh sensitiration 
<ould tilsC place 



Table i i — InctJcncc cf tbt Stcntcr Tjpti in Fnmilits with ErjthrshUstisls tr lams Fnstx in nA B 

Senstliznttcn 


Cue No 

Father 

Mother 

1* 

BMRh • Secretor 

OMNrh (No ana 
Rh iQ serum) 

1 

AiMNRhjrh 

Secretor 

OMNRhiRh, 

3 

AiMNrh Secretor 

OMNRh. 

4 

BMRhi Secretor 

OMNRli, 

5 

BMNrh Secretor 

OMNRhiRhi 

6 

AiMRhiRhi Non 

secretor 

OMNRhirh 

7 

AiBMNRhirh 

Nonsccretor 

OMNRhirh 

8 

BNrh Secretor 

OMNRhirh 

9 

AiMNRhiRha 

Secretor 

OMRhsrh 

10 

AiMNrh Secretor 

OMNRhirh 

II 

AiMRhiRhi 

Secretor 

OMNRh.rh 

i^t 

AiMrh Secretor 

ONRhiRh, (No 
anti hr' in 
scrum) 

13 

AtBMNRhj Non 

secretor 

OMNRh,rh I 

2 

14 

AiBMRhirh 

Secretor 

OMNRhirh I 

2 


PrtEQanaa 


I BMNIUii9 iCCTCtor, normiL 
1 . EMNEinc?, Kcretor, erythroUutooc, 
treated by exchange trinsfunox 
I OMNRhith 9, normal 
1 . AiMNRhirh9, lecretor jaundice, 
treated with tranifunon- 
I AMNRhicT leaetot jaundice ind dif 
moderate anemia, re oveted withont 
treatment 

T Premature twin* both 9 one tnUbom. 
Other twin, BMRh rh lecretor, jiundice 
and anemia, transfused ^ times nuem- 
cephalic and amanronc, idionc, died at j 
years 

r BMRhirhcd' secretor, normal 
i_ Macerated stillborn cT 
3 BMNRhirhtf secretor jaundice, mild 

anemia transfused once, tecoreted. 

I AiMNRhithtd' lecretor, normal 
L AiMNRh.rhcf secretor jaundice and 
anemia transfused 4 nmes, recoreted 
completely 

c AiMRhirh 9 normal 
I. AMRh,rh 9 , secretor shght 
recovered sponuneonsly 
I BMNrbcj' secretor normal 
L. BMNRhirhci' secretor jaundice onemt. 

transfused recovered 
[ OMNRhsRhscT, normal 
„ OMRhirh 9 normal , , „i 

, AiMNRh,rh 9 secretor jaundiced 

day transfns-d a nmes subsequentiy ei 

hibited mental retardation 
: AiMRbid" secretor jaundi e, trans 
once recovered compl tely 
_ Jaundiced died on the sth day 
'A.MRh.rh 9 secretor 
jaundice transfused 3 tiroes, co P 
covery , 

A,MNRh,rh 9 ,se-retor,notroaL 

. OMNRhirhcf, normal 

A, MNRh.rh 9. secretor normn 

“ secretor jaundiccn 

ifoumts recoretex 

AiMNRh,rh 9 secretor 
anemia, treated by a exchange trw 
sions recovered 
BMNRhjcf’ secretor 
BMNRh.cJ’, secretor, jaundice, tra 

non recovered 
AiMRhirhcT secretor 

AiMrh 9 . secretor janndice and aoc ^ 


, AiMNRhirhc? 
day [cterus index ' 
AiMNRh,rh 9 


jaundice 


neonatal ] 

A.MRh.rhcT sectew. neo 
losungjday. 

A,Mrh 9 . secretor gjb„ed 

transfused once " 

mental and physical reurd^ 


• Same as case 1 reported in detail at beginning of paper . 

t For clinical details concerning this case wc arc indebted to Dr Imog I- 
lands Hospital Valhalla N Y 
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This appears to consist primarily in the incomplete state of development of the 
A and B agglntmogcns in the red cells of the newborn infant or fetus In contrast, 
the Rh-Hr agglutinogens are fully developed at birth 

Some recent impublished observations suggest a second consideration which 
may possibly contnbute to the difference in behavior of cases of erythroblastosis 
due to A and B sensitization as compared with those caused by Rh sensitization 
Specific alpha and beta antibodies ma> be classified in two different categories, 
namely, homospecific and heterospecific Homospecific antibodies can be defined 
as those produced by injecting animals or human beings with the identical antigen 
subsequently to be used in the m vitro tests Injections of a foreign antigen some- 
times stimulate heterospecific antibodies which cross react because of the structural 
similarity of the two different antigens For example, homospecific anti-A scrum 
can be produced by immumzing human group B or group O individuals with 
group A blood, while heterospecific anti-A scrum can be produced by injecting 
rabbits with sheep blood which contains an antigen chemically related to human 
A substance The homospecific antibody presumably fits the corresponding antigen 
precisely, in the manner that a key fits its corresponding lock, while a hetero- 
specific antibody can be conceived as fitting the antigen like a skeleton key would 
fit a number of locks of related structure It seems probable that the combination 
of a homospecific antibody with its corresponding antigen would be much more 
avid than that of a heterospecific antibody, so that the latter could possibly be 
more readily eluted or washed off 

It IS characteristic of icterus precox that the firstborn is often affected, and this 
fits well with the observations presented m this paper demonstrating that univalent 
alpha and beta antibodies occur in the majority of normal individuals As has al- 
ready been pointed out, these are presumably of heterospecific origin, which might 
partially account for the benign nature of the syndrome On the other hand, the 
Rh antibodies responsible for tvpical erythroblastosis are invanably of homo- 
specific ongin, which, in accordance with this hypothesis, would explain the 
seventy of the manifestations Qintinumg in the same vein it would be expected 
that when the alpha and beta antibodies arc homospecific, they could also produce 
severe erj-throblastosis Thus, in our Case i treated b> exchange transfusion, the 
first group B baby was normal while the second group B baby was severely affected, 
presumably due to the active immunizanon of the mother to the B agglutinogen 
of the first bab) The second case is even more interesting because the first group 
A bab} was on!} moderately affected (icterus precox) due to preformed univalent 
heterospecific alpha antibodies in the maternal serum, while the second bab} was 
severcl} affected due to active sensitization of the mother resulting after the birth 
of the first group A bab} , with the formation of homospecific alpha antibodies 
Further work is in progress to test the xalidit} of concepts 
All of the affected infants tested prosed to be secretors, disproving the h}- 
pothesis that thedisease occurs onl} in nonsccretors Infact, thesccrctor t}^^: apf>ears 
to predispose somew hat to the occurrence of the disease since it increases the chance 
of sensitization of the mother A far smaller x olume of group substance in solution 
>s required to sensitize than is whole blood It seems significant that in monkc}'s 
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the A and B agglutinogens arc lacking from the red cells, but four groups do occur 
based on the presence of group substances in secretions “ The cvolnnonaiy pas- 
sage of A and B substances from secretions to the red cells m higher primates maj 
thus be considered as an unfavorable step, since it predisposes to fetal and neonatal 
death due to A and B sensitization The mntaaon ■which produced the nonsecre 
tor type, presumably at a later date, may be considered as a favorable one, smee 
It reduces the chances of sensitizing the mother In this connection, it leemi 
significant that the highest inadcncc of the nonsccrctor type is found m negroids,” 
who in many respects arc the most highly dificrcntiatcd members of the human 
race 

The use of soluble A and B substances for the treatment of A-B sensitization in 
babies had previously been suggested However, the results of treatment with 
these substances in the two eases presented here were disappointmg Actually, 
this should not be completely unexpected, because before the aflected infant is 
bom the antibodies have already been bound by the red cells from which they would 
be displaced only 'with difficulty Our findings do indicate the possibility of anna 
pating the disease by antenatal tests done on the mother s scrum However, the 
inadcncc of typical erythroblastosis due to A-B scnsiDzation is very low, and m 
most cases the manifcstatious in the child arc mild, so that it would be hardly 
worth while to include alpha and beta titrauons as well as anti-Rh as a routine 
in all antenatal cases at the present time 

Summary 

Two unusual eases of severe erythroblastosis due to A and B sensitization have 
been presented When m)cctions of A and B group substances failed to arrest e 
disease, exchange transfusions were earned our, using poo to i,ooo cc 
group O blood In each ease the response was prompt and dramatic, althoug 
convalescence in one was prolonged b) an intcrcurrcnt diarrhea Both infanc * 
made complete recoveries and have developed normally both physically an toen 
tally 

Observations have been presented regarding the pathogenesis of crytbrob ast ^ 
and icterus prccox due to A-B sensitization The following conclusions seem 
warranted on the basis of the evidence presented 

1 The greatest majonty of cases of jaundice and anemia of the newbon^ ^ 
cannot be explained on the basis of Rh incompaubility arc caused by incompa 
bihty of the major blood groups . 

i High maternal alpha and beta anubody uters ptr re arc not nccessari y 
I elated -with disease in the infant jvetse 

3 Univalent alpha and beta antibodies present in the maternal 
the placenta and arc the cause of the disease in the infant Bivalent 

held back by the intact placenta and play no or hardly any role in the « 
of the disease Umvalcnt alpha and beta anubodies arc demonstrable in t e 
a large proportion of normal individuals jg the 

4 A-B scnsiazation in pregnanq^ occurs mainly when the infant belongs 

sccretor type hoiics 

5 A theory is suggested that the quality of the alpha and beta an i 
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namely, whether they are homospecific or heterospccific, may affect the seventy 
of the manifestations in the infant 

Technics of titrating alpha and beta and Rh antibodies are described and dis- 
cussed A table has been prepared which converts antibody titers into concentra- 
tions of immune globulin in the serum, and demonstrates the impossibility of 
certain extravagantly high titers claimed in the literature 
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THE EFFECT OF STASIS OF BLOOD IN VARICOSE VEINS ON ERYTH- 
RCCYTE FRAGILITY, WITH ACCOMPANYING STUDIES COMPARING 
RED CELLS AND OTHER BLOOD ELEMENTS WITH CUBITAL VEIN 
BLOOD 


By Stacy R Mettier, M D , John C Weaver, M D , and 
Alice F McBride, B A 

I T HAS been demonstrated by Fahraeus*“* that normal red blood cells have a 
tendenc) to beceme spheroidal in shape after standing in vitro at body tem- 
perature Gansslcn,^ Hadcn® and Castle and Daland^ have shown that spheroidal 
red cells are more susceptible to osmotic hemolysis than arc normal corpuscles 
Haden found that normal red cells when suspended in graded hypotonic salt so- 
lutions bcccmc progressively more globular as the solution becomes more hypo- 
tonic, and that there is a direct relationship between the volume thickness index 
and fragility of the red blood cells Ham and Castle* and Tsai, Lee and Wu* have 
further stated that red cell fragility is increased by stasis of the blood in vitro at 
body temperature These investigators found that between one-half and two and 
one-half hours of stasis was necessary before the first manifestation of increased 
fragility appeared Spontaneous hemolysis appeared after approximately twelve 
hours of stasis 

During stasis of blood at body temperature there is also an increase in packed 
cell volume due to the development of spheroidal cells * There is also 
evidence that under some conditions, in vivo stasis produces increased red cell 
fragility Waller'* and Cormick** found an increase in red cell fragility in capillary 
bleed fcllcwing toutniquet stasis, but Waller found no increased fragility in blood 
remosed frem the cubital vein under conditions of stasis except after expressing 
capillary blood into the veins 

There is evidence that concentration and stasis of red blood cells occur normally 
in the spleen "“i* Red cells obtained from the splenic vein were found to be more 
fragile when suspended in hypotonic salt solutions than red cells from blood in 
other veins * • As further proof that in vivo stasis may cause red cells to become 
more fragile, Tsai and co-workers’ found that osmotic fragility of red cells removed 
from both the splenic and renal veins increased progressively following stasis 
produced b) occlusion of the veins and arteries of the spleen and kidney 
Ham and Castle® have attached great importance to the effects of stasis 

on red cells and consider this factor to be the common denominator in many of 
the anemias due to hemolysis They believe that cry throstasis in the spleen is 
probably the mechanism producing increased blooJ destruction in the hemoly tic 
anemias with increased red cell fragility , and also, that an unusual degree ofery thro- 
srasis might account for some hemolytic anemias in which there is normal or 
sccondanly increased red cell fragility A number of inscstigators’ ha\c 

shown that the red cells usually become less fragile to hypotonic salt solutions 

Frcm ihc Di\isicn of ^^cJICInc of the Umvcrsiiy of California Medical School San Francisco Cal 
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STASIS OF BI^OD AMD ERYTHROCrTE FRAGIUTY 


foUowingsplencctomy Ham andCasdcinrcrprcttthcbcncficial tffectofspkiienam) 
as being due to the removal of the organ in svhich a large degree of red cell stasis 
(and thus increased fragility) occurs They explain certain anemias associated with 
splenomegaly on the basis of a probable increase m normal splcmc function with 
respect to crythrostasis 

In an attempt to evaluate further the effect of in vivo stasis as a possible mcch 
anism for incrcasmg red ccU fragility, the present mvesagaaon was undertalcn 
to measure the osmotic fragility of red blood cells from veins in id paaents with 
out any known hemolytic tendency or other blood dyscrasia Although the degree 
of stasis in varicose vems is not known it seems well established that the move 
ment of blood m varicosities is very sluggish Ochsner and Mahomer “ visuahre 
the leg with varicose veins as having a circulauon of its own They consider the 
possibility of a given blood cell remaining in the venous system of the leg m 
definitely coming up each time perhaps to the opening of the saphenous where 
It again becomes one of the unhappy ones to fall through the opened slmccs p: 
riphcral in the superficial venous system 

McPhcctcrs and Rice’* studied the direction of blood flow m leg vancosines 
and discussed m detail the movement of hpiodol injected into the varicosities of 
two patients with a posiavc Trendelenburg test One subject was recumbent an 
the other sittmg with legs horizontal In both cases the injected hpiodol rtmaifl 
stationary until the patient tensed the abdominal muscles or moved the feet, to 
lowing which the hpiodol was seen to move distaJJy In their expenence the ^ 
never moved centrally However, Schmicr’^ and Heller’* observed that 
radio opaque material moved in a central direction Heller determined the speonc 
gravity of blood removed from the varicose vem under observation and then m 
jeeted radio opaque dye of the same specific gravity He found m patients having 
varicose vems and competent valves that the circiilation was directed centra 
but at a slower rate than m the normal control In patients with meompecent 
the flow was nearly stationary but after the paaent remamed standmg or so 
time a very slow upward flow developed Conghmg or straining rapidly ^ 
the flow and forced the opaque substance distally He also noted that 
patient first stands after bemg m a supine position there is a surge oi bio 
the varicose vein While there is no defimte proof that a significant 
blood stagnates in the varicose vem for hours it is evident that abnorma cryi 
stasis does occur 


Method 

1 . V nt£. Vclfl Clinic ot Cefi 

The patients us*^ in this study had all been pre viously examined in the V anco nenod of ac 

Univcnity of Califomu Medical Cent^ Each panent was requested to stand quietly ^ ^ ^ 

least fifteen minutes Blood was then drawn from a tortuous dilated superficial vem ttc aid of ^ 

and immediately afterward a similar sample was obtained from the cubital vem ^ 
tourniquet fra£iljtr of thcfcd 

The following studies were made on the two speamens of blood (i) The osmo^ S' plit-lcr 
cells Ca) The pacted cell volomc C3) Hcmoglobm red blood count white blood coo 
count ^Rces and Eckcr method**) C4) Plasma protein (Falling drop method) 

A./I of the laboratory deter m inations were perfonned by one of us 
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The of the loog saphenoos vems were locompcfcnt in each of the paaeots tested (Sp Di , and 
Whi were not tested) The clinical degree of tortuosity and dilatation of each patient is indicated in 
table I One patient (Di) had a varicose ulcer There was neither evidence of congestive heart failure nor 
obnom blood dyscrasia in any of the patients studied 

Results 

1 Hjpotffntc Jra^slftj The resistance of the red blood cells to hypotonic solutions of saline was dc 
tcnnincd on blood from the cubital and varicose veins of 19 otherwise healthy patients The fragility 
of the red blood cells from the varicose veins was not significantly different from the fragility of red cells 


Table i 


Name 

Red Cell Count 
rMHlIons) 

Packed Cell Volnme 

Total Protein ' 

Red Cell Frtfflity 

Deipee of 
Vancosity 

Ann 

Van cose 

Ann 

Varicose 

Ann 

Varicose 

Arm 

Vancose 

Re 

4 07 

4 ^ 

44 

1 

42- 



48- 38 

44- S’- 

+ “1" + + 

Fr 

4 17 

4 18 

42- 

44 

6 70 

7 3J- 

44- 34 

44- 34 

+++ 

McM 

4 1-3 

4 x8 

41 

41- 

7 39 

7 77 

48- 34 

48- 34 

++++ 

St 

4 03 

4 33 

40 5 

40 5 

6 87 

6 87 

30- 38 

50- 36 

+++ 

Kc 

5 i-i 

3 10 

47 

48 

6 15 i 

6 39 

46- 36 

46- 36 

+++ 

Sp 

4 33 

4 36 

47 

48 

j 6 66 

6 56 

48- 

47- S’- 

++-f 

Va 

4 71 

5 43 

45 

44 

i 6 li 1 

5 73 

46- 34 

44- 30 

++++ 

Di 

4 18 

4 63 

46 

46 

1 6 49 

6 4x 

41- 30 

4’.- 31 

H — I — b 

Sc 

4 40 

4 34 

44 5 

46 

6 15 I 

6 08 

44- 31 

4’-- S’- 

++++ 

Whe 

4 45 

4 49 

39 5 

40 

6 18 

6 36 

44- S’- 

, 4’-- S’- 

+++ 

Bro 

4 08 

4 1-3 

43 5 

43 

5 94 ^ 

5 87 

41- 3r 

41- 30 

++++ 

Ma 

4 89 

4 59 

47 

47 

8 1-5 : 

1 6 lx 

48- S’- 

44- S’- 

++ 

Lc 

4 37 

4 51 

44 

44 5 

6 

1 8 31 

48- 38 

48- 38 

++ 

Bn 

4 13 

4 39 

41 

4»- 

6 <8 

1 6 49 

41- S’- 

44- S’- 

+++ 

Os 

4 60 

4 53 

45 

44 



46- 36 

44' 34 

+++ 

Win 

4 75 

4 88 

47 

47 

5 94 

6 01 

CO 

1 

oo 

48- 38 

+++ 

Mo 

4 71 

4 71 

37 

40 5 

5 90 

6 15 

48- 34 

46- 34 

++-f 

Whi 

4 71 

4 81 

48 




50- 38 

48- 38 

•H-++ 

Wil 

4 ^7 

4 55 

4' 5 

43 ! 

5 

5 83 

44- 54 

44- 34 

+++ 

Jo 

4 43 

4 55 

49 

5’- 

1 6 39 

i 7 M 

1 

41- S’- 

4’-- S’- 

H — h 


! 88 94 

91 XI 

880 5 

1 891 5 

107 19 

|^09 53 


: ! 

1 


obtained from the cubital veins ^wblc i) In each pauent the red blood cell fragilic> fell withm the 
norma! range in both the varicose vein and the cubital van specimens 

L Ktd ctll nant pschJ cell ccJtrmt sertm fretem bctrugUhm ttbtte cell evunt snd fUtelet extent The in 
pressure in varicose \cins should cause fluid transudauon into the tissues vhich would be ex 
pcctcd to produce hcmoconccntration of the ^a^lCOSc \cin blood However Erb and TicLcnsc*® found no 
increase m red cells red eel! fragility white cells or platclas m blood from vancosc veins as compared 
"nh cubital vein blood 

(*) Our results show a small but significant increase in red blood cell count in blood from varicose 
J^ns as compared wnth the cubital vein blood Sutiscical calculations show P < o 05 the mean diffcrercc 
*oS 5 million red cells • This IS indicatis'c of a minor degree of hcmoconcentration 
^ ' Surprisingly enough the packed cell solume of varicose van blood was only suggestively higher 

Statistical anaUscs of our data were made bv Dr John C Talbot of the Universitv of California 
Medical Center 



1036 


STASIS OF DLOOD AND ERYTHROCYTE FRAGILITY 


than cubital blocxl (P slighti) <005) If as result of stasis some red cell swelling had occumd sen: 
increase in packed cell volume would result and added to a ceruin amount of hemoconcemnuon n 
would be expected that the packed cell volume would increase out of proportion to the red cell mcrase. 

(c) There was a suggestive increase in total serum protein 10 varicose veins compared mih cnhial 
veins (P somewhat >0 03) A more accurate technic or a larger scries would be necessary to estiilul 
the significance of this apparent increase 

(d) There was no significant difference in hemoglobin platelets or while cells m the vancosc and 
cubital vein samples 


Comment 

As mentioned earlier, the preponderance of evidence indicates a slow, steady 
progression of blood centrally in varicose veins with refluxes of blood following 
straining and coughing and other activities which increase the intra abdominal 
pressure It seems likely, then, that the slow movement of blood through vancosc 
veins does not produce stagnation comparable to that which has bKU shown 
necessary to produce red cell swelling and increased fragihty in the test tube In 
an attempt to establish roughly the duration that a measurable quantity of blood 
remains in the varicose vein, we, m collaboration with Doctors J Hopper, Jr , 
and C J Mudrick, performed the following expenment 

Evans blue dye (Ti8i4) was injected into a varicose vein of a patient with mar 
vancojities No dye appeared in the cubital vein blood until two minutes after t c 
injection The dve concentration gradually increased and finally leveled offmteen 
minutes after the injection Dye did not appear in the varicose veins of the opposite 
leg until four minutes following injection and failed to reach the dye conccnOTtion 
of the arm in a period of thirty minutes It has been shown that dye injecte m 
arm vein of normal subjects apoears m samples of blood taken from the ot er 
within thirty seconds and levels off within three to four minutes Obvious y^^ 
experiment in one patient and without controls has no comparauve value 
docs indicate that in this patient a certam amount of stasis occuticd in t c v 
cosity for about fifteen minutes Further exp'nmcnts on this problem arc 

Our data permit no final conclusions regarding the importance of the 
stasis in hemolytic diseases However, the lack of mcrcascd red ce os 
fraqilicy under the condiuons of stasis that occur in varicose veins sugg'sK 
crythrostasis of a moderate degree does not play a major part m most 
diseases We arc inclined to agree with the viewpoint of Dameshek aa 
that the hemolytic states arc due to a number of different causes such as cn> 
agglutinins and inherited red cell abnormalities with such supplementary 
as stasis, trauma, and possibly, chemical and hormonal changes augm 
occurrence of hemolysis It seems likely that several factors arc 
For example, in the presence of hemolytic disease, increased stasis an j^gree 
trauma to the red cells might be expected to produce some increase m 
of hemolysis It also seems hkcly that in order for stasis apprcciab y to 
hemolysis m any given hemolytic syndrome it is necessary for stagnation . 
over a prolonged period of time Tsai* showed that increased red bloo ^ jjjj/ 

did not appear until stasis had been present for one-half hour to two an 
hours and that hemolysis did not begin until about twelve hours of stasi 
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our cxpcruncnt and in Waller s*' a degree of stasis be}Ond that normally existing 
did not produce a significant increase in fragility in blood from veins Therefore, 
the amount of stasis present in congestive failure or produced by increased blood 
viscositj caused by the increase in globulin in infections as suggested b> Castle* 
would hardly seem sufficient to produce hemolysis It is probable that the spleen 
IS the only organ in the body in which stasis, sufficient to cause a sigmficant in- 
crease in hemolysis, might occur 

The absence of a greater degree of hemoconcentration than we found in vancosc 
vem blood is difficult to understand Beecher*’ found a gross filtration pressure of 
50 cm of water in excess of the colloid pressure of the blood in varicose veins and 
concluded that normal resorption of tissue fluid at the venous end of the capillary 
was impossible and all tissue fluid must be carried off bj the Ijmphatics This 
should result m marked hemoconcentration but our experiments showed evidence 
of only mild hemoconcentration Obviousl> , factors arc involved which have not 
been adequately explored 

Our results confirm the findings of Erb and Ticfcnscc’° that there is no significant 
mcrcase in white cells, platelets, and red cell fragility in blood from varicose veins 
as compared with cubital vein blood However, our finding of a sigmficant in- 
crease in red cells in the varicose vein is at variance with their conclusion that the 
ted cells were not sigmficantly higher than m the cubital vein 

Summary and Conclusions 

I Blood from varicose veins was compared with cubital vein blood in ao patients 
in order to determine whether or not the degree of stasis present in varicose veins 
would increase red cell fragihty Corollary studies consisted of comparauve de- 
terminations of ted cells, hemoglobin, packed cell volume, white blood cells, 
platelets and scrum proteins 

a- There was no mcrease in red cell fragility in the varicose vein specimen, in- 
dicating that the theory that minor degrees of intravascular crythrostasis con- 
tribute substantially to some of the hemolytic anemias is untenable 

3 Thctc was a small but statistically significant elcvauon in red cells per cu 
mm in varicose vein blood as compared with blood from cubical veins There was 
2 suggestive, but not significant, increase in packed cell volume and scrum protein 
m the vancosc vein samples The evidence indicates a mild degree of hcmocon- 
ccntration 

4 White cells, platelets and hemoglobin determinations were found to have the 
same values in vancosc vein blood as in blood from the cubital vein 
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THE ROLE OF STAPHYLOCOAGULA.SE IN BLOOD COAGULATION 


I The Reaction of Staphylocoagulase with Coaoulase-Globulin (CG) to 
Foem Coagolase-Thrombin C^T) 

By John B Miaee, M D 

T he ARTT.TTY of some strains of Staphylococcus aureus to clot oxalated plasma 
has long been recognized This phenomenon was first reported by Loeb^ 
in 1503 Later, Gratia^~“ concluded that a substance which he called staphylocoa- 
gulasc ' was produced by actively growing organisms and that this was the agent 
responsible for the coagulation of the plasma 
Attempts to define the nature and mode of action of staphylocoagulase have 
resulted in a great deal of conflicang data Contradictory findings on the filtra- 
bility of this substance through bactenal filters have been reported by Gross, 
Genou,’“ Vanbreuseghem^’^ and Walston Lominski’* found that he was unable 
to separate staphylocoagulase from the bactenal cells by filtration through Seitz 
and Chambcrland filters, centrifugation, or by kilhng the organisms by heat and 
chloroform and ether vapor He concluded that staphylocoagulase was formed 
only in the presence of living organisms and plasma He therefore prepared what 
he called staphylocoagulase by adding plasma to the broth culture and filtenng 
through a Chambetland Lj candle 

The ability of staphylocoagulase to clot purified fibnnogen has also been debated, 
Much” claiming that it did not, while Graua,® Cruickshank” and Walston” 
claimed that it did Some of these conflicting opinions arc probably due to the use 
of impure preparaaons of fibnnogen 

Smith and Hale” were the first to demonstrate the nature of the rcacaon They 
showed clearly that suphylocoagulase could be obtained as a stenlc cell-fi:ee 
culture filtrate, and that this was unable to clot fibnnogen unless an accessory 
factor present in nssue extracts and plasma was added They termed this accessory 
factor an activator of staphylocoagulase, and this concept is retained by Per- 
guson LominsLi and Roberts” added the finding of a scrum inhibitor, but it 
must be pointed out that the matenal which they called staphylocoagulase was 
not the nauve staphylococcal product, as is obvious from Smith and Hale s 
studies and from the data below As this paper was being prepared, Kaplan and 
Spink” published their studies with living cultures of Staphylococci and con- 
firmed and extended the above concepts 

This senes of studies is an attempt to define the relationship of this bactenal 
substance to the mechanism of blood coagulation The present paper presents data 
on the nature of the substance elaborated b) staphs lococci ( jta ^ hylotoa ^ ulasi ) 
md observations on the nature of plasma factor ssith svhich it reacts ( coagulase - 

From the Laboratono of the Manhfield Cljnic and St Joseph s Hospital Marshfield I\ iscoostn 
This stud) t\as aided durinp 1944-15^6 bs grants from the Univxrsitj- of North Carolina— U arts 
Hospital Research Fund and since then bs the Marthfield Omic Research Foundation 


IOJ9 
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glcbultn, CG) to form a thrombm-iikc substance 'which is referred to as coapUsi- 
thnmhtn, (Cr) 


Expeeisckntal 

I Frrparatton of Stafhylocoagulase 

For cnacal expenmen ts it is necessary to -work with a stenle cell-free prepan 
non of a known staphylocoagulase uter Although it is possible to obtain matcnil 
of higher uter in non-cell free preparanons it is best to use staphylocoagulase 
prepared by the following method 

A suitable strain of Staph) lococcus aureus is inoculated into lo cc ofTiyptosc 
broth CDifco) and incubated at 37 C for sir hours The enure id cc are then 
inoculated into 500 cc of Ti^'ptose broth, pH 7 4, and incubated at 37 C for 
twenty-four hours Dunng this penod, the pH of the culture is checked rcpeatcdlp 
CBcckman pH meter) and the pH maintained as near as possible at 7 0^-4- After 
incubauon, the culture is then filtered through a Berkefeld V candle and die fil 
tratc (sterility checked) is distributed into smaller air-ught sterile containas 
and stored in the refrigerator (0-4 C ) Very little loss of uter takes place over a 
penod of several months The titer of staphylocoagulase is detennmed bp the 
scnal dilution method previously desenbed The quanutauve unit of staphylo- 
coagulase -which IS most useful can be defined as the smallest amount in a volume 
of o 5 cc (saline diluent) which when added to o 5 cc of oxalatcd human plasma 
(diluted 1 10 with saline) produces a 4-I- clot in twenty-four hours or less 

Attempts to obtain sterile staphylocoagulase by other methods reveal mme 
interesting properties Attempts paruaUy to clear the whole culture by ccntnfu^ 
non caused a marked drop of the staphylocoagulase ntcr of the supemate, 
on fast and prolonged centnfuganon the supemate had a very low uter 
finding by Smith and Hale“ that staphylocoagulase was fairly heat ^ 
confirmed for both whole cultures and stenle filtrates, but it should be noted 
stenle cell-free filtrates arc more heat stable than whole cultures Furthermon^^ 
whole cultures show a great deal of vananon in heat siabihty, varying ^ 
different strains and media It is possible, therefore, to prepare stenle (but not 
free) staphylocoagulase by this method but, because of the total unpredteta 
of the results as well as the undcsirabibiy to altering proteins by heat, sup ) 
coagulase prepared by this method was not used rmtJr 

The reported discrepancies in filtcrability of staphylocoagulase 
due to two factors, the nature of the filter and the pH of the culture one 
bactcnal filters arc totally satisfactory since they differ only m dcgiw 
much staphylocoagulase is retained The best is the Berkefeld V can ^ 
fritted glass (Coming) second best Berkefeld N, Chambtrland Lj, A uphyjn- 
Scitz filters give culture filtrates which arc almost always lacking m s P 
coagulase activity . 

The pH of the solauon appears at times to influence the filtctabiUcy o sup ^ 
coagulase through a Berkefeld V candle Thus, if the pH of the culct^ is 
or too low no aenve filtrates will be obtained, in spite of the fin inS 
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whole culture has a very high staphylocoagulase titer over a wide pH rang: (5 o- 
100) The cell-free filtrate requires an optimum pH of about 7 z for mivimum 
activity, and shows only negligible loss of activity within the pH range of 6 o- 
8 o However, the finding that an inactive filtrate from a too acid or too alkaline 
Culture when adjusted to pH 7 z still fails to show staphylocoagulase activity 
suggests that the failure is in the filtration Best results require a whole culture at 
pH of about 7 z for filtration through a Bcrkefeld V candle 
Attempts to preserve whole culture preparations by addition of bactericidal and 
bacienostauc substances have also revealed some as yet unexplained phenomena 
For example, in attempting to sterilize broth cultures with penicillin the interest- 
ing effect illustrated in table i was noted Penicillin was added in increasing umt 
concentrations to aliquots of a zq hour Tryptose broth culture of Staphylococcus 
aureus This strain in broth culture was sensitive to a penicillin concentration of 


Table i — Pcnufllin en the CeagnlattOTt of Tlssma hj 0 Bro*h CnUnTt of Stafbylocoat 
PtnmlUn {VenutlUn C?) sJ/Jed to all/iMOts of 0 24 hr b o bn! trt p tvtoaslj dslMttd j 20 ioftb s mh smIsw 
f S ^ of sample added to 0 f a of oxala td human plasma del* td s 20 ict b saline Test at jy C, 


Pemnllin Concentration UQiU/cc 

Subculture 

Clotting 

0 

Posinve 

4 -)- ID 15 min 

xo 

Posiavc 

4 in 30 min 

zo 

Positive 

4 q- in i hours 

50 

Positise 

4 -b in 4 hours 

200 

Positne 

3 -f in 6 hours 

100 

Posiuve 

Negauve 

400 

Positive 

Negative 

800 

Positive 

Negative 

x6oo 

Negative 

Negative 

3100 

Negaute 

Negative 


ifoo units/cc , but inhibition of coagulation was partial at loo units/cc and 
complete at zoo units/cc In other cases, the reverse could be demonstrated, that 
penicillin in higher concentrations than that accessary to kill the bacteria could 
inhibit the coagulating ability This inhibition has been reported by Mason,'* 
''ihilc Agnew, Kaplan, and Spink” have recorded the same effect with both peiu- 
cillin and streptomycin 

Crystal violet in a concentration of i 100,000 shows inhibition of staphylo- 
coagulasc activity of an otherwise strongly positive preparation The same in- 
hibitory effect IS shown by high concentrations of phosphate and borate 10ns 

B Tie Evidence for an Accessoty Plasma Factor (Coa^ulase-Globuliii) Necessary for 
Coagulation 

If one adds is hole culture of staphylococci to oxalatcd plasma a canable length 
° time must elapse before the plasma is clotted This sanes from about fifteen 
minutes to se\eral hours, depending in part on the concentrauon and acti\it\ of 
c reagents Since sterile cell-free staphi Iccoagulase behascs in the same was , this 
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antihemophilic globulin Tissue extracts contain a considerable amount of 
the substance in question, as shown by the acuvity of rabbit testes extract 
and thromboplastin from rabbit brain Platelets arc, interestingly enough, free ol 

Table l. — ‘Tit Dtstrtbutton fif Aatstgrj Factor (Coa^ulati Glohultn CG') iff Plasma Fractions Ohtatrtdlj 

Alcoholic Fractions ton 


Each test contairts i unt s of staphylocoainlat i percent of the cantons fractions and i pretnt test fhtn 
ofpil zA iSj j-jC. (The plasma fractions urrekinJly supplied hy Dr J T Edsa/l from the HarrarJ Fractm 
ation Plant ) 


Fraction tested 

Clotting Time 

I -A 183 

No clot 

I (391B) 

Trace in 4I hrs. 

I (464Q 

Trace in 4J hrs. 

II & III 

No clot 

IV 1 

4+ jn 3} hrs 

IV 4 1 

4+ in hrs. 


Table ^ — The Rflat enshtp of CG (Coa^alaSe Globidtri) to Other Glehaltn Factors 


St&phylocoagulaaei 

Fibnnocen* 

1 GlobuUn Fraction* 

aotlmt* 

50 units a) cc. 

0 5 cc. 

1 

no dot 

50 units 0 5 cc. 

0 5 cc 

1 AcG ‘ 

no clot 

50 units a) cc 

0 5 cc 

V ‘ 

DO doe 

50 umts, 0 5 cc 

0 5 cc 

I’ 

^ tun. 

50 umts 0 5 cc 

0 5 cc 

[ Test ext • 

10 ffllO. 

50 umts 0 5 cc 

1 0 5 cc 

Throraboplasnn* 

60 CUDa 

50 units 0 5 cc 

0 5 cc. 

PUtelet SUSP 

no c'ot 

50 umts 0 3 cc 1 

0 5 cc. 

CG" 

10 nun 

50 units 0 5 cc 1 

0 5 cc 

Hem 

)o nun. 


^ Staphyloc-agulasc Bcrkcfcld filtrate containing 50 units m a5 cc, 

* Test Fibnnogen I lA(i 83) solution 

^ Globulin fracaons as l% solutions in saline 0.5 cc 

* Time required for 4+ clot to form, 

* Accelerator globulin prepared as outlined by Ware, Guest and Scegers,** 

* Factor \ prepared according to Owren 
^ Harvard Fraction I 

* Rabbit testis extract 10% suspension in saline. 

’ Thromboplascm Difco standard dilation, . .. 

Washed platelets from centnfuged human blood handled with SiUconc coated g 
resuspended to give a xo\ concentration. , honiao 

" Normal Coagulasc GlobuUn from 100% Ammonium sulphate precipitate of norm 
plasma. 

** Hemophilic Coagulasc Globuhn from joo% Ammomum sulphate prcapitatc of hem p 
plasma. 

actnity Since it has so far not been related to any of the other globulin 
It seems justified to consider it as a specialized globulin charactenz- / ^ 
reaction with staph) locoagulasc, and to designate it as coagulasc go 
or CG 
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in Preparation of Crude CG Fraction 

Advantage is taken of the observation” that the 50 per cent ammonium stj- 
pharc fractions contain most of the inhibitorsubstance To oxalatcd human plasma 
IS added slowly and with constant stirring an equal amount of saturated CNHi)iS 04 
solution After three hours at o degrees C , it is filtered at o degrees C and the pre- 
cipitate discarded The filtrate is treated with dry (NHi) SO4 to saturauon and 
allowed to stand at o degrees C for 6-il hours After filtration the preapitate is 
dissolved in the smallest possible volume of cold saline and dialyzed against several 
changes of saline for 14 hours at o degrees C 

Table 4 — Clattw^ Time of OiailMltd PUsmM tctlh Supt^IccoaiulMse and Coap^ulase Thrombm after 

Vartotts Trta*imnt 

0 j a of onala id human plasma diluttd i lo tcith salttu and o ja of masirtal listid, at jy C Ootttn^ 
ttna ts ItmtTtipumd for a y-p dot to fo~tn 


Trcitnicnt 

StApbylocoAcuUse 

CT 

None 

30 mim 

7 mim 

60 C/30 min 

30 miiL 

l] hrs 

Bcrkcfcld V filcraaon 

30 miQ. 

7 miD 

Seitz 6Jtracion 

no dot 

10 min 

Dialysis (14 br ) 1 

30 min 

7 nun 


Table 5 — Bptet of Staph^loeoa^alast and CT on Fttrtjitd Fthrmoitn and Human Plasma 
Fthmoffn frtsh i ptretnt solution in sahtu of Hareatd Fr rtion I lA run zl; all ttfs at jyCard tettb 
tht Sam eonantration of ft Hints Clotting Hmt ts timi nqumd for the formation of a 4+ dot at jy C 


1 Rbnnogcn -P Scaphylocoigiilise 

no doc 

L Fibrinogen -p Stiphylocoigolise -p CG 

dor in hrs 

3 Hhnno^jen + CT I 

dot in 7 min 

4 - Plasmx 110 + Staphylocoagulase j 

doc in 30 min 

5 Plasma i i -f- Staphylocoagulase , 

doc in 4) hrs 

6 Plasma i 10 + CT 

dot in 7 min- 

7 PUsmi 1 I -p CT 

dot ID 17 min 


IV Properties of Coagulate Thrombin (CT) 

By allowing staphylocoagulase to react with CG at 37 C for an optimum time 
(usually 2.-3 hours), a new substance is formed (coagulasc thrombin, CT) tvhich is 
distinctly different in its properties (table 4) 

Staph) locoagulase and CG are little affected b) exposure to 60 C''3o minutes, 
whereas, it is apparent that CT is somewhat heat-labile None of the three is 
dia^-zable, but there is a striking difference in filterabilit) through bacterial 
filters, staph) locoagulase being retained bs most filters while CG and CT are 
filterable through all of them All three are fairh suble even in the crude form at 
refrigerator temperature 

The most striking esidence that CT is different is its abilin to clot fibrinocen 
free of CG, whereas staph) locoagulase is b\ itself inactise under this circumstance 
(table 3) Because of its action on fibnnogen the new substance is designated as 
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Md^cconccnTauonlf 

the concentration of CT ffip o ^ ^ plasma are plotted agaimt 



coagulasc) 

whose action ,s rh ^ ^ i» lUilXiCU V UUiiHU4<l>C UULVUJi^ 

While reluctant to 

here IS the most desenot j terminology vyc fee] that the one propos 
confused by the apphcatio'"' “^otifusing The literature has been mu 

cultures, filtrates, and as w°ii° ^ ataphylocoagulase or coagulase to whe 

gen Smith and Hale” clear! substance responsible for coagulating fibrin 

terminology of procoamil^ ^cntiated the two substances, but their suggest! 
the agent which clots fikr bacterial substance and coagulase ft 

dots fibrinogen is based on the assumption that the fimt ,s act 



JOHN B MIALE 


1047 


vatcd by the globulin substance to form the second Actually it seems from pre- 
liminary observations that the thrombin-like product is derived from the plasma 
globulin, so that it would not be accurate to call it coagulasc Further /ustihca- 
□on for our nomenclature will be presented m subsequent studies dealing with the 
relationship of these substances to prothrombin and thrombin 
The data indicates that CG cannot be identified with cither the AcG of Scegers 
or the V factor of Owren It appears to be more closely related to anti-hcmo- 
philic globuhn, but is not identical with it, since CG is obtainable from hemo- 
philic blood as contrasted to anti-hcmophihc globuhn which is not The final 
identification and charactenzation of CG must await its isolation m purer form 
than now available, but it promises to shed some additional hght on the mccha- 
msm of blood coagulation 


Spmmary 

1 Sterile cell-free filtrates of broth cultures of some strains of staphylococci 
contain a substance (jtaphylocoagulase) which docs not clot purified fibrinogen, but 
docs clot oxalatcd plasma 

i When a plasma factor (coagulasc globulin, C(T) is added to staphylocoagulasc a 
thrombin-likc substance (coagulase-tbrombtn, CT) is progressively formed which is 
able to clot purified fibrinogen 

3 When the clotting times of plasma with increasing amounts of either staphy- 
locoagulase or CT arc plotted against concentrations of the clotting agents, hyper- 
bolic curves arc obtained which arc similar to those obtained with classic 
prothrombin or thrombin 

4 CG appears to be distinct from AcG (Scegers), the V factor of Owren, and 
anti-hcmophilic globulin of Taylor and co-worlccrs The presence of CG in 

platelets could not be demonstrated 
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MULTIPLE MYELOMA AS A FORM OF LEUKEMIA 
By Michael A Rubinstein, M D 

T he first case of multiple myeloma was reported as mollities ossium by 
Dalrymple, McIntyre, Bence-Jones and Watson* m 1848, following closely the 
first descnption of leukemia as a disease entity published independently by Craigie, 
Bennett, and Virchow C1845) ^ The important pathologic studies of Rustizky 
(1873)’ Kahler (1895)* established multiple myeloma as a malignant infiltra- 
tive disease of the bone marrow of unknown origin, characterized by multiple 
tumor involvement of the skeleton Almost at the same time Neu mann s* descrip- 
tion of the myelogenous form of leukemia (1870) and Ehrlich s discovery of blood 
staming methods' led to the recognition of leukemia as a pnmary proliferative 
disease of hematopoietic tissues, medullary and extramedullary Extension of 
leukemic lesions from the bone marrow to the bone itself was also recorded in 
early observations (1878) * 

Since then, as both multiple myeloma and leukemia were recognized as pri- 
mary infiltrative diseases of bone marrow, their relationship has been the subject of 
continued discussion Rustizky' was first to classify multiple myeloma as a S3 stemic 
disease of the hematopoietic tissues related to leukemia, a view taken later bj 
Lubarsch * However, most authors have made a sharp distinction between multiple 
myeloma and leukemia The following points have been stressed in the literature 
and have been conventionally held to distinguish multiple myeloma from leukemia 

Conventional Points of Distinction between Myeloma and Leukesha 

I Type of infiltration (whether circumscnbed or diffuse) It has been maintained 
that whereas multiple myeloma produces circumscribed tumor masses, leukemia 
IS characterized by generalized diffuse infiltration of marrow 
T Bone destruction The distinction made here is that multiple myeloma is char- 
acterized by the presence of multiple punched out areas of bone destruction, while 
in leukemia the infiltrative process in the bone marrow does not as a rule erode the 
bone cortex 

3 Visceral involvement It has been contended that in contradistinction to the 
myelomatous proliferation which was held to be tjyncall) limited to the osseous 
system, the leukemic infiltration exceeds as a rule the boundaries of bone marrow 
and IS found in visceral organs as well 

4 Invasion of peripheral blood While leukemia is manifested, at least at some 
stage of Its evolution, by ma sive insasion of the peripheral blood by the leukemic 
cells of the bone marrow, the mjcloma cells, it has been maintained, do not pass 
into circulation 

5 Biochemical characteristics Multiple mjeloma is associated with abnormalities 
m protein metabolism manifested in B.ncc-Joncs proteinuria and h) perp'otein- 

Frora the Medical Dmsioa Montefiorc Hc«pital New 'iorl N 1 The natcnil rreseett^J n 'h" 
paper formed the bajis for a Scientific Eihibit in the 'c-tioa on Inic-nal MeJicir- at ih- Sin-t» Vve-th 
Annual Section of the American Medical \sroaafion Chicapa III Jun- -3--S 193S 
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cmia With hypcrglobulincmia On the other hand, abnormal chemical metabohsm 
in leukemia is manifested mainly in increased basal metabolic rate and elevated 
uric acid of the blood 

6 A^e tmtdtnce It has been pointed out that while leukemia has been observed 
at all ages, includmg infancy, multiple myeloma is a disease of the middle and older 
age groups 

7 Symptomatology Bone lesions arc the mam basis of the clmical picture m mnl 
tiple myeloma, while symptoms in leukemia are mainly due to involvement of 
hematopoietic and visceral organs 

Each of these points in the differential diagnosis between multiple myeloma and 
leukemia will be discussed Evidence will be brought to show that the listed poinu 
of distinction between multiple myeloma and leukemia cannot be regarded as bemg 
of fundamental nature, 1 e , there is no sharp demarcation Imc between the two 
diseases Instances arc abstracted where cases of multiple myeloma show the 
various charactensucs of leukemia and vice versa 

Fkatuses op Leukemia in Multiple Myeloma 
I Diffuse infiltration in multiple myeloma, without cimtmscnbed tumor fowunim 

It has been shown by many observers that m addition to the well known or 
cumsenbed tumor formation, diffuse infiltration of the bone marrow also exists in 
multiple myeloma Such cases of diffuse infiltration without any evidence of or 
cumsenbed tumor formation arc known * 

Occasionally cases of multiple myeloma have been observed where the bone* 
appear normal The spongy trabeculae arc numerous and the cortices art not 
noticeably thinned The skeletal roentgenograms taken during life m such cases 
may show at most some diffuse osteoporosis, and do not reveal anythmgeven re- 
motely suggestive of the picture which is accepted as bemg typical of multiple 
myeloma In these cases, only the marrow is modified and replaced diffusely by a 
tissue which on histologic examination of aspirauon matcnal is proved to be 
myelomatous tissue 

Other cases show some thinnmg of the cortices as well as great reduction of the 
spongy trabeculae, but they still may have smooth and undistcnded bone co^ur 
The roentgenograms show vague mottled rarefaction and thinned cortices esc 
cases arc transitional to the full-fledged picture with multiple areas of bone destme 
tion in typical cases of exuberant growth of myelomatous tissue 

Lack of circumscribed tumor formation docs not rule out the possibi ity 
multiple myeloma 

The case reported below is an instance of such diffuse mfiltraaon of bone maiiow 
Without apparent evidence of bone destruction It emphasizes the importantc 0 
bone marrow studies in anv case of atypical amyloidosis, with or without evi ence 
of bone lesions 

Cast I M. S #38461^ white femaje ■dmittcd with signs of renal msofficicnty In i^ 44 » 
aspirtcion repeatedly revealed from 12. to xy per cent plasma cells Soon Bence Jones peotemana 
noticed 
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- Blood cximinaiion showed moderate normoeytic aocraia and occasional plasma cells in the smear 
Later a Icukcmoid picture developed white blood couqc Z5 000 myelocytes 5 per cent nonsegm ncu 
troph 55 per cent segm neutroph 15 per cent lymph 3 p-r cent plasma cells 1 per cent Terminally 
plasma cells increased to zo per cent The plasma cells in the blood were morphologically of the same 
type as those in the bone marrow 

The diagnosis of multiple myeloma was suggested However repeated x ay txaminattms ej the sktU 
t 0 n jbffwcd no ahnmnalttits zt zny time and the serum proteins were low (albumin 3 4 Gm per cent t04z 
Gm per cent globulin i o Gm per cent to z z Gm per cent) The Congo red test showed 45 percent 
retention The patient s course was one of rapid deterioration marked by progressive azotemia (BUN 
up to 150 mg percent) She died in March 1945 

Autopsy revealed no gross lesions in the skeleton * Microscopic examination of sections of ribs 
stemam vertebrae showed marrow largel) replaced by plasma cells trabeculae thin and amyloid dc 



Fio 1 M S X ray examination revealed no evidence of bone destruction Most extensive amyloi 
dosis was found such as perivascular amyloid deposits in the kidnc) shown here 

posiicd in walls of the vessels Amvloidosis vsas the most important cxtraskclctal finding It was most 
generalized involving all blood vessels connective tissue in lungs ovaries kidnejs thvTnus smcxjth 
muscles of most viscera and the cardiac muscle 

The pathologic diagnosis was plasma cell mjcloma diffuse tj pc atvpical am) loidosis 

2. Extraskeletal Vssceral ItnoItemeuT tn MulnpU h\‘^doma 

Extraosscous myclomatous infiltrations ha\c been reported in various organs 
It IS possible that in some eases what mav appear to be independent extraskeletal 
foci might actuall) have been direct outgrowth of tumor from nearb) bones 
However, there can be no doubt that in some eases of visceral involvement the 
infiltrations arc of extramedullary origin Less unusual than grosslv discernible 
foci arc microscopic infiltrations in the spleen kidnev s, lungs 1\ mph nodes 


^utopsv pcrfcirmcd b\ Dr D Unterman 
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Up to 1936, there were ii eases of myelomatous visceral involvement recorded 
in the literature (BlumenfielJ) Since that time many other instances have been 
added Infiltration of practically every organ in the body has been noted (lungs, 
heart, spleen, liver, lymph nodes, pancreas, kidneys, adrenals, tonsils, skin, etc) 
Extraosscous infiltrations are more commonly seen when plasma cells are also 
found in the blood Of interest is a case of plasma cell involvement of the tonsils 
(Jackson et al ) which preceded generalized involvement of bones by many years 
In a recent report'^ visceral involvement in multiple myeloma is presented as a 
rather common finding in the disease, if carefully looked for in microscopic studies 



Three of our own cases showed foa of extramedullary myelomatous sprea 
instances with involvement of the tongue (R S haca 1^ 

(M K #43608)” respectively are reported elsewhere A third case wit ext 

extrameduUarv involvement is presented here 

Cmi2 A.W #105534 a 15 year old boy >n » three year of 

fraemre of left thigh X ray studies early in the disease revealed areas of ooae BcnxJonJ 

femor and nbs Bone marrow aspiration revealed in 1943 the presence of mjx oroa was 

procemnna was also discovered There was no hyperprotememia hdnderate ypoe 

I ,od several palpibt 

In the coarse of a few months new lesions in different bones were disco of hnnem' ad 

tumors appeared over the clavicles sternum ribs There were pathological of 

lumbar vertebrae However the patient s course was marked by spontaneous remiss 
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frictnrcs and periods of iropro\cd anemia and general condition Radiothcrap) ^^as applied ai different 
sites of the skeleton Also a course of antimoo) \\asgi\cn Treatment as rather difhculi to evaluate in 
vietv of spontaneous remissions In 1545 patient developed ioabilit) to urinate necessitating an indwell 
mg catheter and ascending urinary infection followed Tcrrainall} there was profuse rectal hemor 
rhage. 

At autopsy* multiple mjcloraa was found to involve not onl) the skeleton but showed also two ex 
tensive extraskclctal infiltrations (1) tumor mass (800 Gra ^ inv ol\ ing the pelvic space so as almost 






Fio 3 A W multiple punched out areas of bone descmction in the skull ribs scernom vertebrae 
fettmr pathological fracture of the hip palpable tumor formation over a nb 



*00 'icratc It wjth compression and infiltration of ncarlj all pels ic organs Curcters bladder prostate 
vcQioal resic'cs) (x) Another cxtraosscous accumulation of mjcloma tissue was found to insadc and 
r^ially to replace the left Lidnej which svcigbcd 350 Gm Cnght kidnej "cigbcd 160 Gm ) 

CToscopicall) the cxtraosscous infiltrations presented the same picture as the myeloma tissue seen 
iriu5 *^^^^^1 lesions This extraosseous insoUcrccnt explained the clinical course marked bj renal 
^ ^I'^cv and recurrent p>cloncphritis with unnaiy obstruction The terminal hemorrhage svas 
'n erosion of the pels ic tumor mass through the pcnanal structures 

^■ctop^ was performed b> Dr R LubUncr 
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the picture of plasma cell leukemia, occurs rarely (except terminally), occasional 
myeloma cclb may be found quite often (Monssettc and Watkins, and others'^ 
In our experience, study of smears made from the white cell layer of packed 
blood cells facilitates the discovery of occasional myeloma cells, and thus may 
become an important aid in the diagnosis We have applied this procedure in 
multiple myeloma as it is used when looking for occasional abnormal cells in 
aleukemic forms of leukemia 

The case of M S #38461, abstracted previously in this paper as an instance of 
diffuse myeloma, showed a few myeloma cells in the blood smear This patient 
may be designated as aleukemic plasma cell leukemia — by analogy to the con- 
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Flo 6 Sccaon of mTcIoma minor of the kidney m the case of A W (nigh power) 

vcntional leukemia terminology Another case with massive invasion of the 
(^lood, one of plasma cell leukemia, will be bncfly abstracted 

in this 58 year old woman the disease w« ushered in by a profuse rectal hemor- 

^ gc followed by back pain, weakness and soreness of the tongue On admission there was gcneraliacd 
moderate lymphadenopathy and several red nodules measuring from i mm to i cm m diameter scat 
mred over the margm of the tongue There was severe anemia Chcmoglobm 31 per cent, red blood count 
* 900 000 white blood count 6 100) 

Studies of the pcnpbcral blood smear showed 5 per cent plasma cells in an otherwise normal dif- 
tial count and were the first to suggest muluplc myeloma This diagnosis was confirmed by sternal 
aspirauon which revealed 65 per cent plasma cells Also aspiranon biopsy of the lesions in the 
tougoc showed mfiltrauon by mjxioma cells i c cxtiamcdnllary myclomatous spread 

studies showed multiple punchcd-ouc areas in skull ribs long bones Bence Jones protcinnrta 
"'ll also noDccd first intermittently and later constantly Scrum albnmin was 1-9 Gm. per cent globulin 
' 4*4 Gm. per cent 
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Donog eight months obicrvation there w*5 progressive increase of white blood connt with luotl- 
taneons rise of the nnmber of plasma cells in the peripheral blood The highest valnes were white Hool 
count 16,000 svith 38 per cent plasma cells 10 per cent mgeloCTtes 
Patient died in renal failure 

4 Btoebemteal Cbaraetertstics of Leukemia Seen in Myeloma 

The mam biochemical findmgs in leukemia concern the unc aad metabolism 
and the basal metabolic rate The unc acid of the blood and the endogenous nne 
add elimination are greatly increased in leukemia ’‘Also the basal metabolic rate 
IS mcreased m the great majonty of cases of myelogenous leukemia and m more 
advanced instances of lymphocytic leukemia, and less frequently in alculcmic 


Fio 7 R, S Concentrauon blood smear showmg mgcloma cells 

forms of leukemia These changes are ascribed to the elevated protein catabo 
m leukemia 

As may be seen from vanous reports m the literature, mercase ^ 

content of blood is a rather co mm on findmg in multiple myeloma, pto 
frequently seen in this disease as m leukemia “ In thrw of our own 
unc aad studies were made, it was found to be 5 mg per cent, 
and 7 5 mg per cent As in the case of leukemia, the elevated blood 
m multiple myeloma is thought to result from the catabohsm of the pro 1 
cells m the bone marrow vclonia 

There are also indications of increased basal metabohe rate in mnlup t 
This appears from some references in the literature,” as well « 
observations Of 7 cases of multiple mveloma without complications (. 
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turcs, etc) m whom we studied the basal metabolic rate, in 5 instances it was 
found elevated from io per cent to 35 per cent 

5 Age Incidence Multiple M-^eloma in Youth 

The accepted textbook view is that multiple myeloma is a disease of older age 
However, review of recent literature will show isolated instances of myeloma la 



Fio SAW Patient in His Fifth Yeae or Disease 


> oungcr age groups, including infants Also, some older records of bone diseases in 

>outh, originally reported under various descriptions — such as lymphadema 
osseum described by Nothnagcl-'* — must be recognized as true mjeloma in the 
ight of new knowledge Especially noteworthy arc the cases of myeloma reported 
> Zaeh and by Gordon and Schneider^’ in children under 10 years of age 
"e have observed a case of multiple myeloma in a child, aged 12. at the onset of 
scase, in whom the diagnosis was not considered for three years, mainly because 
of his age This case (A W , case i) showed extensive extraosseous involvement 
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and has previously been abstracted in this paper as an example of visceral la- 
volvemcnt in myeloma Bone marrow studies were first to suggest the diagnosu of 
multiple myeloma Before these studies were done, diagnoses were entcnamcil of 
osteosarcoma, Schillcr-Chnstian s disease, etc This case, as wcU as those reported 
m the hterature, prove that youth should not rule out the possibilit} of mnlnple 
myeloma 


6 Symptomatology Symptoms of Multiple Myeloma not Referable to Osteitis Sjstert 

While m the majonty of cases, the symptomatology of multiple myeloma is doc 
to tumor mvolvement of bones with resultmg complications (pathologic fiactuies, 
deformities, with ensuing Jiam and neurologic signs, etc ), m a number of paneno 
the complaints arc not rrfcrablc to osseous system,” and may be similar to those 
ordmariiy found m IcuLemia 

In cases of unexplained anerma and cachexia, multiple myeloma is occasionally 
discovered as the underlying disease In other instances hemorrhagic manifesta 
aons constituted the presenting signs (hematemesis, mclcna) Epistaxis, ccchy 
mosis, pctechiae, and blccdmg from gums first suggested leukemia m patients who 
were proven to have myeloma Among our own patients, m one instance (AJk 
#114881) the chnical picture was doimnated by uncontrollable nose bleeds, m 
another patient (R S #36x573) the disease was ushered m by profuse rectal 
hemorrhage . 

In other cases, thrombosis was reported as the presentmg sign, for eiamp^ 
when failmg vision or complete blindness due to thrombosis of central artery 
the retina ushered in the clinical picture of mulaple myeloma Gastro-mtes 
symptoms (diarrhea, coheky attacks, nausea and vomitmg) may domm^ 
picture They may be due sometimes to thrombosis of mesenteric vessels 
bosis may be due to the increased viscosity of the blood The latter and the ten 
of red cells to clump may give nsc to peripheral vascular disturbances not 
those seen m Raynaud s disease 

Occasionally paaents m chronic renal failure diagnosed as nephncis 
out to have mulaple myeloma, with the clinical picture dommated by ^ 
loma kidney ^3 

Very occasionally hepiato-splcnomegaly was observed in mulupli^ my oma, 
very cxccpaonally lymphadenopathy This citraosseons sympmnuto ogy ^ 
mulaple myeloma may be seen not only in the diffuse type of ^ 

filtraaons, but also in cases with orcumsenbed tumor fonnaaon an n 
tion which may remain symptomlcss for some amc Bone marrow jo 

reveal the true nature of the disease m the absence of any symptoms eta 
the osseous system 


Features of Myeloma m Leukemia 
1 Medullary Forms of Leukemia Skeletal Involvement 

Very rate cases of leukemia have been reported (Storti, Klima and found 
where only the bone marrow was involved ” No visceral infiltration 
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even on thorough autopsy exammauon In these cases the diagnosis could be made 
only on the basis of bone marrow studies These rare forms of leukemia would 
correspond to the usual forms of multiple myeloma limited to the bone marrow and 
without visceral involvement 

Less uncommon is mvolvement of different bones in leukemia It has been well 
known ever since Heschl’ in 1847 described osteolytic lesions in leukemia patients 
Bone lesions are more common in acute leukemia, especially in children in whom 
T-ray examination of the skeleton proved to be an aid in the diagnosis of leukemia 
The lesions may take form of tumors, destruction and absorption of bone leading 
to fractures, periosteal elevations and arthritis'^, the latter is produced by leuketmc 
proliferation in juxta-articular portions of the bone Chloroma refers to localized 
tumors associated especially with the acute forms of leukemia '’*■ However, the 
findmg of bone tumors in cases of classic chronic mvelogenous leukemia has 
also been reported 

X-ray studies have shown that in some instances leukemia may lead to general- 
ized decalcification of the skeleton (osteomalacic forms of leukemia^ However, 
occasionally the x-ray pictures of bone infiltration in leukemia mav resemble closely 
those seen m multiple myeloma (Mandl and Saxlc*') 

As an example, the followmg case is of interest 

Cmu 4 F G #111875 white female age 30 to 1546 generalized lymphadcnopathj and splenomegaly 
were fotmd Biopsy of a lymph node as well as peripheral blood and bone marrow stndjes (90 per cent 
lymphocytes) were typical of chrome l3Tnphatic leokenua Pauent developed eitrcmel) severe pain m 
left thigh and tots and reqmred mcrcasmg doses of oputes X ray examination showed areas of trans- 
lasccnce m the femur and also several areas of bone destmnion in the distal phalanges of the foot. Re- 
lief of pam followed x-ra) therapy to the affected bones 

z Biochemtstrj of Leukemia 

Bcncc-Joncs protcinuna and hyperprotcincmia, admittedly typical of multiple 
myeloma, have also been occasionally observed in leukemia These observations 
were made more frequently in the lymphatic than in the myeloid vancty Magnus- 
Levy in igyz collected ii cases of lymphatic and 5 cases of myeloid leukemia show- 
•ng Bence-Jones proteinuria Although only two cases have been reported of 
leukemia associated with hyperglobulinemia, the actual number is probably much 
larger, as appears from the literature on occurrence of hypierprotcinemia in general 
Bence-Jones proteins m the plasma have also been observed in leukemia 
From our own observations, 2. cases of leukemia will be abstracted, where Bence- 
Jones protcinuna and hyperprotcincmia were seen These will be bnefly ab- 
stracted Similar instances were observed by Dr N Rosenthal (personal com- 
munication to the author) 

Cast j Bcncc Jones proteinuria m Icuhcznia 

The diagnosis of lymphatic leulmnia in the case of R k (case observed on the outside and at Mount 
inai Hospital) a 71. year old male was made in 1940 At that time generalized lymphadenopathy and 
cpato.splenomegalv were noaced Blood cxaminaaon showed moderate anemia. \tTiite blood count 
Was 30 000 with 89 per cent lymphocytes of mature type. Also bone marrow (go per cent lymphocytes) 
^ biopsy of a lymph node were rvpical of lymphaac leukemia 
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cent This diagnosis was confirmed b) sternal marrow examination (90 per cent 1 ) raphoC)^es out of a 
total nucleated cell count no ooo), and bj biops) of a certical lymph node 

A most stnking finding was \crj marked hypcrprotcinemia due to hjpcrglobulinemia, consistent!) 
seen on repeated examination 


Serum protein talues 
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The formol gel test was immediately positise There was excessive rouleaux formation and a rapid 
sedimenunon rate of red cell (80mm /hr ) The urine was positive for albumin but negative for Bence 
Jones protem The basal metabolic rate was plus xi per cent 

X-ray eiammation of the skeleton failed to reveal an) destructive lesicm or even osteoporosis 
At autopsy the diagnosis of lymphatic leukemia was confirmed 

J Symptomatolegy of Leukemia Referable to Osseous System 

It has been mentioned in a previous chapter that bone lesions may be found in 
leukemia, especially in acute forms in children Sometimes symptoms referable to 
the bones and joints may dominate the clinical picture Pam, limitation of move- 
ment and other symptoms which suggest various bone and joint diseases (such as 
rheumatic fever, Still s disease, caries of the spine, osteomyelitis, etc ) may occur 
m leukemia 

Symptoms may arise as the result of compression by bone tumors on nerves Bone 
tenderness is not infrequent and may be elicited usually in the lower portion of the 
sternum The following case illustrated the domination of the clinical picture by 
hone and joint pains 

7 N G #39335, boy of 18, was diagnosed in the begimiing as » case of tcutc rhcumxuc fever 
bveaote of migrating pains in the joints of all extremities Later the paiii became more localized in the 
left knee which was swollen and stiff The diagnosis of osteomyelitis was then suggested 

However blood and bone marrow studies revealed a picture characteristic of chronic myeloid leu 
kcmia Also splenomegaly was soon noticed Throughout the disease, paifl m the bones especially in the 
elbows and knees remained a proiiunent feature X ray studies revealed generalized decalcification of 
long bones 


Coexistence op Multiple Myeloma and Leukemia 

The literature contains a number of reports indicating the coexistence of leukemia 
»nd multiple myeloma ” Apart from plasma cell leukemia, clinical multiple 
’''lelorna was found in combination with lymphatic leukemia and more rarely with 
myeloid leukemia 

a d^^°’ evidence suggests a connection between multiple myeloma 

leukemia Successive inoculations of transplantable leukemia in mice may 
^0 rise to multiple myelomatous infiltrations, instead of true leukemia (Furth) 

obtained, whether multiple myeloma or leukemia, seemed to depend on 
Osage of inoculated tissue, and on the state of the recipient animal (whether 
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previously irradiated or not) In connection with these observations and expen 
ments, our case of extensive combined lymphocy tic and plasma cell infiltration is of 
interest 

C$se 8 Combined lymphocytic and plasma cell infiltration 

R K #37x11.5 50 white female was admitted wth a diagnosis of lymphaac Icakemia bcat« 

of marked gcncf allied lymphadenopath) and typical blood findings hcmoglobmfiGm pcrioooLcnj 
red blood count 1 000 000 per cu mm white blood count 18, 000 per cu mm thediffcrcnatlcoanislio^ 
80 per cent lymphocytes of the mature type i per cent plasma cells, 13 per cent ncntrophilcs, Biopsj of 1 
lymph node performed at another hospital was reported as typical of lymphatic leukemia. 

At the Montcfiorc Hospital, bone marrow aspiration showed mixed lymphocytic Q|8 per ccDt)cd 
plasma cell (xi per cent) infiltration The rest of the bone marrow cells of the white and red cell send 
were crowded out but showed the normal mycloid-aythroid rauo The mixed lymphocytic and plxscu 
cell infiltrauon ^vas found on both sternal and iliac bone marrow aspirauons The peripheral Hoed 
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Fio 10 N G Bovk MARaow in Staoe or Acute Exacemation or 

studies showxd white blood count xo 000 lymphocj tes 80 per cent, plasma cells x per emt 
cytes in the blood and bone marrow were of the small cell type, as seen in chronic 
Ixmia but the plasma cells often showing multiple nuclei with nucleoli were suggestive 

^ exeessi^^ roe 

There was hypcrglobulincmia (xlbumm 1 9 mg per cent, globuUo 4 i Gm per 
Icaux fonnauon rapid sedimentation of red blood cells and posinvc fonnol gel rest 0 
Bence Jones proteinuria was seen . cndcflcc o 

The possibility of mnluplc myeloma was suggated Hoover == ^ dc«nM «' 

bone destruction The patient died four 3 ears after onset of disease. Autopsy ^ 
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Miligmnt iniTg d l)mphcx:jTic and plasma cell IjTuptioma insolving penphcral intrathoraac afld 
tntra-abdominal lymph nodes spleen and bone marrow with infiltration of most organs Clircr, lungs 
heart stomach, Ijdncys. adrenals pancreas) There were both focal and diffuse infiltrations of these 
tsgans 

The infiltrations, whenever seen were composed of Ij-mphocytes and plasma cells in sarying pro- 
pornons m many places the latter cells bang by fir predominant and occurring in clumps These plasma 
cells svcrc desenbed as bang idenucal in cytology and staining reactions CPappcnhaffl stain, etc ) with 
those teen in plasma cell tumors 

The pathologic diagnosis was malignant mired lymphocytic and plasma cell lymphoma, showing 
both diffuse infiltration and circumscribed tumor formauon 



^>0 11 IL K- High Powet Etssiination or Ltscph Nooe Showed PaEDOMirJAKTi.Y Plasma Cri.r 
nriuxiiioK Low powa cxaminauon showed destruction of gland architecture by plasma cell in 
filtranon 


Discussion 

The convcnuonal points in differcnual diagnosis between myeloma and Icnkcmia 
ivc been discussed The following points have been held to distinguish the two 
•^^^scs (i) Type of infiltration, whether diffuse or circumscnbcd (a) Bone dcstruc- 
tion ExtrasLelctal visceral involvement Invasion of peripheral blood 
sSJ Biochemical characteristics ( 6 ) Age inadcncc, clinical manifestations 
t has been shown, by assembling different data firom the htcrarurc and on the 
of Qur own observations, that the difference between myeloma and Icutemia, 
as these charactcnsucs arc concerned, is merely one of inadcncc, what is 
in one disease is common in the other Instances of myeloma may show all the 
^tactcnstics of IcuLcmia, and vice versa, but not with the same fequcncy 
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MULTIPLE MYELOMA AS FORM 


OF LEUKEMIA 


The following tabic summarizes the discussion 


Points in differential diainiosih 

Leukexnu 

1 Mjdoea 

Circurnscnbcd tumors I 

Bone destruenoD 

ViM:craI mvoUemenr 1 

PenpheraJ blood inxasion j 

Hypcrprotancmia 

Bcncc Jones protcinuna 

Bone s) mptoms j 

Inadcncc in vonth ' 

1 

UncomiDon 
Uncommon j 

Common 1 

Common j 

Uncommon 
Uncommon 
Uncommon 1 

Common 

^ Common 

1 Common 

UaconuDon 
Uncommon 
Common 
Common 
Common 
Uncommon 


t IS own that there is a difference in incidence of various Icuicmic charactais- 
Hcs cprading upon the cell type of IcuLemia Cni)clogcnous, lymphanc, etc. 

tain eaturcs (such as splcnomcgalj , l}'mphadcnopathy, sLin or sLclctal id 
VO vement etc ) arc more common in one vancrv than m the other All thcfiatnirs 
o cukemia maj be found in all leukemic varieties, but not with the same fc 
twenty It has been demonstrated in our discussion that mjcloma mayshoir all 
e charactenstics of leukemia, and vice versa, but not with the same hequener 
is is however merelj a quantitative difference As far as the hsted charactens 
concerned, there is no qualitative difference between ms eloma and leotenui 
ytlotna ts, then mertlt a leahemiee oj plasrna cells This vanet) of leukcnuj u 
or manly of aleukemic type Moreover, as compared to other leukemias, if if 
c^actenzed b} ven common occurrence of bone destruction, by telativelj- « 
frequent visceral involvement, and by frequent and charactcnsuc biochemical ah- 
nomahtics in protein metabolism It has a definite predilection for older age gronp 
an Its chnical picture is usually dominated by bone patholog) In this hghi 
viewingmyclomaasanothcrmcmberofthc leukemia famil> , it is more pliusibk 
to understand the coexistence of myeloma and leukemia as something took than 
acadental 


SUMMAEY 

The conventional points in the differential diagnosis between m)elomi and 
leukemia have been discussed Evidence has been brought to show that thes 
points of distincaon cannot be regarded as bemg of fundamental namre Insuncc^ 
are abstracted where cases of multiple mvcloma show the lanous charactenstics 
of leukemia and vice versa 

1 Leuktmic featuns tv myeloma have been sboiin in 

a diffuse infiltration in multiple mjeloma without urcumsenbed tumor tonni 
non and without anv gross bone destruction, 

vi'iceral mvclomatous spread involving the Lidoet , spleen 

Ivmph nodes, etc 

c invasion of peripheral blood m myeloma— occasional mjcloma cells 
'spon mg to the aleukemic forms of leukemia) mav ffcqucntlv be found in coficcn 
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tratcd smears, c\ca though the} raa} bw missed on routine examination, howeser, 
massive invasion of penphcral blood is rare, 
d mcreased uric acid content of the blood and elevated basal metabolism, 
charactcnsnc of leukemia, frcquentl} seen also in m}cloma, 
c occurrence of ra}cloma in youth, 

f symptomatology of multiple myeloma at times not referable to the osseous 
system 

1 Myeloma featurts tn Ituhcmta have been shoun tn 
a skeletal involvement in leukemia, 

b very rare medullary forms of leukemia ^wirhout visceral involvement), 
c occurrence of Ecnce-Joncs proteinuria or 

d hypcrproteincmia with hy pcrglobulincmia in rare cases of leukemia, 
c instances when the symptomatology of leukemia was referable to the osseous 
system 

3 Coexistence of multiple myeloma and leukemia is reviewed from the literature, 
2nd a case is reported of extensive mixed lymphocytic and plasma cell infiltration 
In conclusion, the difference between myeloma and leukemia, as far as the listed 
conventional distinguishing features arc concerned, is merely one of incidence 
what IS rare in one disease, is common in the other, and vice versa Multiple mye- 
loma is in all probability a leukemia of plasma cells 
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USE OF ANTTMONY IN MULTIPLE MYELOMA 
By Michael A Rubinstein, M D 


I N A previous communication^ the rationale of ancunon) creannent in mulupic 
myeloma was discussed, and a preliminary report was given on the results ob- 
tained Because the thcrapcuuc effect of antimony is largely confined to diseases 
assoaated vnth hypcrglobuiincmia regardless of the caologic factor involved 
(kala-azar, lymphogranuloma venereum, schistosomiasis, etc ), it was assumed that 
the drug might be found effective in another disease with hypcrglobuiincmia 
namely, in multiple myeloma The effects of antimony as onginall) reported were 
to induce increased radioscnsinvicy, and to result m certain altcranoas m the 
morphology of the plasma cells 

The present paper, based on a total of ii eases, treated with anumony, reports 
some new observations in addition to those mentioned in the first cominumcanoa 
These observations concern the effect of antimony treatment seen in (i) stoppage o 
uncontrollable bleeding, (l) reduction of hypcrglobuiincmia, (3) rcgrcssioo ot 
palpable tumors The dosage and the preparations used were the same as those pre 
viously described * 


of UncontTollabU Bleeding 

The paneuc A R , #114881, wsj a 64 year old male Injnly 1^5 he dcTcloped rttuircnt se«rt 
uosebltcds and soon a/cenvard started to complain of baciiachc The Doacblccda were stopped at 
by cautcrizauoD In January November and December 1946 and early in 1947 fhcrc ivas a rccarttoct 
cpistaxis controlled by pacljng In Apnl 1947 the nosebleeds became almost conunuons and oncoatio 
Ubic by either packing or cauterization and patient bad to be hospitalized 

Sternal bone marrow aspirauon in May 1947 revealed a picture of plasma cell multiple mytl 
Because of uncontrollable nosebleeds frequeot blood transfusions were necessary from both 

On admission to Montcfiorc Hospital in January 1948 the panent was bleeding pfohi«ly ^ 

narcs but no specific bleeding pomes could be seen There was gibbus d'formJty m the ^ . 

area and pain with rooclikc distribucion over D-y The liver was enlarged four fingcrbrca 
right costal margin 

There was severe anemia Chcmoglobm 4x per cent red blood cells x,ooo 000) the w m 
count was 5 000 with a normal diffcrcucial picture The platelet count tvas normal (i6o oooj ^ £^jjrc 
clotting and bleeding amc The only abnormality indicaavc of a hemorrhagic tendency was 
of the doc to retract after forty-eight hours ^ 

Sternal and iliac bone marrow examination showed about 70 per cent plasma like 0 
The total scrum protein was ia.3 Gm albumin i t Gm globulin n x G™ 
was IX, I mg percent dtoftheskuU, 

X-Tay examination revealed numerous well circumscribed osteolytic areas m the va t ^ 
in the npper ends of both femurs lu the davidcs and a dcstrucuve lesion of D-9 ^ 
of the vertebral body ^ ^ 

When in spite of repeated cautcrizauoas packing and transfusions, the noscb 

f - - m chii 

From the Medical Division Montcfiorc Hospital New York N Y The materia 
paper formed in part the basis of a Scientific Exhibit in the Section on Internal Nlcdicmc a 
nual Session of the American Medical Association in Chicago III June i3-xS i9^S 
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pmf^ r,dmm therjpj to the na^al mucosa ssas applied Small catheters containing radium svere in 
«rted alternately in both nares on Januan tCandxo .948 Hosseser no improsement m the bleeding 
tendency was noted * 

A eonrse of antimon) treatment ssas begun on Febniar) 13 and completed on March jy, 19^8 Fifteen 
m of neostibosan ssere given intravenousl) divided in 48 doses Progressive diminution of bleeding 


Table i —Strum Prottm Values 


Cast 


D C 


Dale I 

AlbumiQ 

Globalin 

4 5 46 

3 2 

8 7 

ipleted 6 18 46 

5 27 

3 2 

6 8 

7 3 I 

2- 5 

5 8 

8 14 1 

4 7 i 

6 9 


Third 


A L. 


9 6 46 
I io 47 


I 


course of antimon) started i.r8 completed 3; 

I 3 M 

I 4 


Ar, I 9 9 4 ^ 

Antimony started 9 zj completed 10 zo 


Second 

AaR. 


It 13 

II 6 I 

coarse started i 15 47 discontinued i zj 47 
1 16 
I 9 48 


ntimony started z 16 48 completed 3 17 


X 18 
3 19 
5 7 


ond Course started 6 ii discontmued 6 zy 
6 19 


Third 
E-E. 

^'osnbosan started z 


7 14 

8 4 


course started 8 10 completed 9 10 
8 zy 
I iz 48 

4 

10 48, completed 3 5 
3 10 
5 7 


z I 
z o 

Z 1 

' 9 
4 o 

z 8 
3 4 

3 6 

I 1 

I 4 

1 I 

0 8 
J 5 

' 9 

1 5 

I z 

' 4 
2- 4 
2- 4 

2- 4 

I 6 


4 9 

5 3 

5 9 
7 6 
5 2 - 

4 2 . 
4 2 . 

3 5 

II z 
II I 

10 I 

8 e 

9 7 

8 5 

9 9 
9 8 

9 7 

7 I 

8 I 

5 4 

6 S 


1 r, ^ histones of D C. and A L arc to be found in the first communicanon 2 and those of 
>nd E. E. in this paper 

^398 followed b) complete cessation at the beginning of April 1948 Except for a 
cence f M ' nosebleed on June z) 1948 and occasional oozing in August 194S there was no reenr 
b, , October 1948 (time of writing) Both episodes of bleeding were promptly controlled 

«»n-se of neostibosan 

'n October 8'nning of April 194S no nasal packing has been neccssarv and the patient was dischargod 


Blood 


examination revealed reduction of fayyicrglobuliocmia (table i) 
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z Ktductton of Hyperglobultntmta 

In reviewing the scrum protein data of all patients treated, it was found that 
m all 4 cases with marked hypcrglobnlincmia there was some reduction of the 
latter followmg antimony treatment 
A slow rise of scrum globuhn was observed a few weeks after discontmuano: of 
treatments However, it dropped again followmg repeated courses of treatment 
There were no sigmficant changes in scrom protem m three eases tvithout hyper 
globulmcmia In four cases the scrum proteins were not followed during treatment 


3 Regression of Ral fable Tumors 

Disappearance of palpable tumors following antimony treatment was observed 
m all three eases showing such lesions 
Two eases were previously reported ’ In one of them (A W Hi 105534) r^ptil 
disappearance of external bone tumors could not be attributed with certamty to 
the drug, since spontaneous regression was observed m this pauent The results 
obtamed in the second ease (DC Jjf 110504) were more conclusive Two tumor 
masses had been noticed by the patient two years prior to admission and were pro- 
gressively incrcasmg in size, m spite of x-ray treatment At the completion ofneosu 
bosan injccuons, and before further x-ray treatment, the visible tumors were 
found to be greatly reduced and became hardly noticeable They completely dts- 
appicarcd soon after the subsequent x-ray therapy 
A third case smcc observed will now be described, where rapid and complete 
disappearance of multiple palpable tumors followed antimony treatment without 
any local x-ray treatment 


M. K. Ill 43608 t 61 yeiT old fcnule admirtcd on 10.1 1^7 gave a hutory of pain in the . 
months duration Several masses on the forehead were nouced five months prior to idnussioo in 
were progressively' increasing in sue ^ 

On cxaminaDon four palpabJc nusscs were foand over the scalp a midhontal mass roosuriDg ^ ^ 
X 3 cm XI cm a latcro-frontal 3^ cm X3cm x i J cm , a fronto-tcmporal 3 cm x3cm xictn 
parietal mass 44 cm 13cm 13cm These masses were fixed to the nndcrJymg nssacs not 
nonrender m the 

X-ray examination reveaJed numerous areas of destruction in the entire craniam as 1 i, n 7 7 
mandible humerus scapula, clavicles and ribs Blood studies showed severe anemia 
Gm /ico CD cm , red blood cells i 910 000) white blood cells 15 000 with normal 
Blood urea nitrogen was 6i Gm per cent total scrum protem 8 j. Gm pzr cent albumin 3 5 
lm4 7 Gm o/fflolDph 

Sternal and ihac bone marrow aspirations revealed cJninps of myeloma cells Thcdiagnow on 

myeloma was confirmed by the presence of Bence Jones protemuna Aspiration of the viu c 
the forehead showed myclomatous infiltration cc of all 

A course of ncosubosan treatment was started on 10 ii 47 Pracucally complete disappcarin 
four visible tumors was nonced after two weeks Because of the 

However the panent s course was progressively downhill with increasing axotemfa _ 

severe backpam x-ray ther apy was applied to the lower spine but at no time was ra 
to the frontal tumor masses 

Pauent died m uremia (blood urea nitrogen rose terminally to 186 mg per cent) 00 ix-J finin 

Autopsy findings showed mnlupJc myeloma of the skeleton with extension of my 
the cranium ro the scalp and cerebral dura The kidneys presented the picture of m)C oma ^ 

When recently yet another case of multiple myeloma GEE ^ j he 
large frontal palpable masses was treated with neostibosan, no rcgtcssioo 
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mas^ was obtained. A biopsy was performed and showed that these masses con- 
sisted not of myelomatous tissue but of amorphous (amyloid?) mass At the time 



Fio I Visible Tumor Masses ik the Scull before Treatment 



Mobilize old patient he was completely im- 
'olvcnicn because of multiple pathologic fractures and most extensive in- 

ent o the skeleton There was no noticeable effect of the single course of 
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USE OF ANTIMONY IN MULTIPLE MYELOMA 


treatment on the clinical course, but a reduction of hyperglobuhncmia was noticed 
(table i) 


Gjmmbnt and Summary 


The effect of antimony treatment (ncostibosan) of multiple myeloma is described 
The following observations are reported 

I Control of bleeding In one instance of multiple myeloma the presenting symp- 
tom was uncontrollable nosebleed of one and one-half years duraaon The platelet 
count as well as the clotung and bleeding time were normal, the only abnorniahty 
was the failure of the clot to retract It is possible that the latter abnormalirrwas 
connected with the abnormal protein composition of the blood (hyperglobulincraii 
was found) * 

Topical treatment, including repeated cauterizations and radium applicanon to 
the nasal mucosa, remained without any effect, and constant packing and fteqnait 
transfusions were necessary Following a course of ncostibosan injections there 
was gradual diminution of the bleeding, and after one month complete cessation 
of bleeding was noted Since that time (6 months at the time of wnting) the bleed 
mg did not recur, and the patient was discharged from the hospital At the same 
time a moderate decrease of hypcrglobulinemia was observed 

a deduction of l^perglobuhnemta In reviewing all other cases treated it was toim 
chat in all four instances with hypcrglobulinemia there was reduction of the semm 
globulm content When a few months later the hypcrglobulmemia was nsing, a 
repeated course of antimony was followed again by its reduction 
In three mstanccs without hypcrglobulinemia no change of scrum globulin was 
noted foilovinng the antimony treatment In four other cases the globulin changes 
were not followed 

3 Regression of palpable tumors Three instances with visible tumors, a rather un 
common phenomenon in multiple myeloma, were observed 

Disappearance of the palpable tumors in two patients after combmed aonmony 
and radiotherapy was reported in a previous communication In the present paper, 
almost complete disappearance of palpable tumors following antimony ttcatm 
alone without radiotherapy is reported j l, i r m 

With regard to these observations, the following reservations shoul 


mma 

I In evaluating the mflucncc of antimony on multiple myeloma it ^ 

to realize the possibility of occasional spontaneous remissions in 
well as of a prolonged course over a period of years with relative 
symptoms, and occasional sensitivity to radiation onclusions 

L The number of observations is insufficient to warrant at this point 

as to the therapeutic value of antimony They indicate merely a possi c 
antimony on the myeloma tissue and on the disturbed chemistry of myc o 
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LEUKEMIA AND MALIGNANT LYMPHOMA 

Lbui^mia in Childhood A Cunical and Roentoenooraphic Study or Seventy Two Cases J H 
Dale Jr From the New York Hospital and the Departments of Pcdiamcs and Radiology, Cornell 
Umvcrsity Medical College, New York N Y J Pcdiat 4L1-43L, 1949 

The clinical and roentgenologic findings in 72. children with Icukcmu have been analyzed X ray 
evidence of bone in\ olvemcnt was obtained in over 70 per cent of eases studied by far the most common 
abnormality bang the appearance of a transverse band of diminished density in the mctaphyscs of the 
long bones This band was the first sign of skeletal disease in the majonty of patients and the sole os 
change ID almost half of the eases cxhibiungx ray changes Rocntgcnographic signs when present 
invariably included evidence of involvement in the knee area in view of wLch it is suggested that 
routine rocncgco examination of this region might provide a helpful scr e e n ing technic in the investiga 

non of all suspected cases of Icukcmu perhaps obviating the necessity of more extensive skeletal sor 
vcys 

CPE 

^^ONic Lbuxesua or Long Duration A Report or 31 Cases w it h a Duration or Over 5 Years 
H C Mfifi t Jr and] H Lawrence From the Divisions of Medical Physics and Medicine, Unisxrsity 

of California Bakclcy Calif Ann Inc Med fo 778-7^ ^949 

The life doration of pauents with chronic Icukcrou is summarized from the literature by the authors 
c frequency of remission effect of infccuon and treatment is discussed The hematologic data of 31 
patients with lymphogenous and myelocytic leukemia chosen from 190 eases of the authors because of 
thexr long survival arc tabulated 

C A F 

Observations in Guinea Pigs Follosvino Injection or SpEanc Hematopoietic Substances Deris’ed 
rROM Beet Liver L AL Al^^r and A Sawtrskj From the Department of Therapeutics New "iork 
Univcrsitj College of Mcdianc New York N Y Am J Path 835-855 194S 
"Die authors report pathologic changes observed in guinea pigs receiving repeated intramuscular 
■nicctions of extracts prepared from normal beef liver as follows 

An ahanol extract of dned liver after conccncrauon and saponification ssas rcpcatcdlj extracted 
"’ith aher before and after treatment with carbon dioxide and hydrochloric acid Adter su^ccssist ex 
fictions With petroleum ether and methanol the material was treated svich lead and the acidified 
^hcr iDsoIublc lead salts were crystallized at minus 10 degr ees C, in acaonc The noncrystallinc ma 
*cnal in the mother liquor having been concentrated (B-aads) it was separated by succination into 
*^binoIs and noncarbinols 

bJinc animals rccascd B acid extracts derived from loo-'^oo grams of beef h\*cr Seven of this senes 
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dcrclopcd Hodgkin s like lesions in ccmcai nodes, spleen liver adrenaj and hdocy Tht bone nanov 
exhibited myeloid hyperplasia in 6 lymphoid hyperplasia in i and no changes in x rtnirnih Mjekai 
mct^Iasia of the cervical nodes and spleen were noted m i guinea pig The carbinol fracnoo wai to- 
jeeted into IX guinea pigs in 9 of which a lymphoid rcacaon developed myeloid changes bang noted la 
another of this series Of 18 guinea pigs receiving the noncarbmol fracaon 13 exhibited varying gmb 
of myeloid reaction 5 others presenung evidence of a mixed myeloid and lymphoid stumUaticii. defimte 
myeloid hypcrplasu resulted in 13 animals of thu senes 

It IS concluded that beef liver extracts of the carbinol type stunnlatcd lymphoid bypcrplaiii icd 
infiltraaon and those of the noncarbmol type myeloid hyperplasia and mfiltranon when in;caDJ 
into guinea pigs The resultant lesions were clmically and pathologically dmimilar to ipontinconi 
leukemia A reciprocal relationship between myeloid and lymphoid tissues with rcqxct to thorreae 
avity to hemopoietic itunolation and relative rates of prolifcranon ajpears to have been confinnfd. 

CPE 

Goinra Pros FotxowiKo Injection or Speottc HauATOVOonc SoasraKoa Dnivm 
non UaiNEs or Homak Leutekic Sobjectx A Sawstsij anJ L. At. M^tr From the Dcpamuaji of 
Therapeutics New York University CoUege of Medicine New York N Y Am J Path if iii7“ 
1x37 1948 

Guinea pigs were injected with urine extracts including the carbinol fractions of anna from paofltti 
with lymphoid leukemia, and noncarbmol fractions derived from the unne of patients with njjtlotd 
leukemia Although the resultant lesions w e re clinically and pathologically dissimilar to those charac 
teniae of spontaneous lenkcmia the results suggested that the unnes of leukemic patients contain bu 
tcnals which arc extractable and separable by the methods described carbinol fractions i fldgo og a 
apccific lymphoid hyperplasia and infiltratioa, and the noncarbmol fracuous induang a myclotJ re 
spouse 

CPE 

HoDOClK S DiSBASX. a CLlNlCAtrPATBOLOOICAl. R jSVUW OT Ohe HdNDXED FiFTT ClSIS. W L. 

From the Department of Pathology Omvcrsiiy of California Medical School San Francisco, CiW 
Califorma Med 7a 87-91, 1949 

In 150 eases of Hodgkia s disease studied dnnng the last rwcniy hve years at the Umrcruiy of Cih* 
forma Hospital the average survival period was forty-one months Indjvidnals whose lesions histolog- 
ically were paragranuloma had no longer sarvival periods than those with the classic gnnulomi. The 
authors emphasue that non-Hodgkin s disease rumors arc more likely to be included as Hodgfaa 1 
aarcoma or as paragranoloma than they arc to be coufused with the granulomatous form In this send, 
the cubcrcnlia test was uegaave in a high percentage of indi viduais studied The incidence of coUicnlosH 
associated with the Hodgfcm s was only slightly higher rhan m the general autopty gtoop 
logic studies were unptxxlactivc except that fertile egg passage of cell free lymph node filtrates 
m increased egg mortality and increased cutaneous scnsjuvirr reactions to the harvested iinniooc 

' W N ' 

HoDonN s Disease. A Histopatholooicax, and Clinicax Classitication with RAMOTHiaAJttmc ^ 
svoNSE. P F Sabynm 4 snd S J Etsathfr^ From the Departments of Surgery and Radiology 
College of Virginia Richmond Va AnuJ Roentgenol Si 369“379 1549 - inoidT 

Hodgkm s disease is classified mto (i) compact cellular (x) fibrogranulomatous and 
cellular types The compact cellular type was charactcmcd by closely packed lymphocyta ^ 
nculo^dothchal proliferation with Sternberg Reed cells The fibrogranulomatous type was th^ 
typical Hodgkin s granuloma The loosely cellular type showed complete loss of structtirc of 
nodes with sheets of rcaculo-cndothclial ccUs and frequent miionc figures The rqwrt is conceived ^ 
an attempt to pcoguoincatc firom the histologic picrurc of x-f paaents the clinical course of the ^ 
The compact cellular type had a life expectancy of 48 to 160 months the fibrograuuIoniaKms ao to 
months and the loosely ccUnlar 11 to 10 months 

P*^°8^t>sac implicaaon of these studies would rather similar to the more citensire 
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of PirLcr and Jacljon It is unfortunate that some differences in dassiBcation make it impossible to 
compare the different groups of patients 

CAP 

Skeletal LEnosT in Hodokjn s Disease E H Ealcontr ^tuI M E Ltonard Department of Medicine 
Umvcrsitj* of California Medical School San Francisco Calif Ann Int Med 29 i^8 

In summanring their own and other reported material on skeletal lesions of Hodgkin s disease the 
authors stress the undcrljing marrow involvement The) have studied bj sternal aspiration 59 patients 
^th proven Hodgkin $ disease and reviewed pathologic material on lo patients looking for marrow 
involvement One is impressed b) the nonspccificit) of changes in differential cell counts of the marrow 
^hich mdude (j) a shift to the left in ncutropbilc series with a relative decrease in segmented ncurro- 
philcs and an increase in bandforms CO increase in eosinophilic mycloC)tc5 There also appeared to be 
increased megakaryocytes in several instances It would have been interesting to determine how fre 
a specific diagnosis could have been made on aspirated pieces of marrow prepared by fixation 
*nd sectioning In this respect the authors indicate only that m xi of oo autopsicd eases Hodgkin s 
<^^*casc was found in the marrow sections rev icwcd The difficulty of morphologic differentiation between 
fcticulo-cndothclial cells, Sternberg Reed cells and megakaryocytes is not discussed 

C A F 


HiAONosis OF PaiMAHv HoDoxuN s DisEASE OF THE Stomach £ L Prrkti and S Al. Pfiherts From the 
Department of Radiology University of Louisville School of Medicine Louisville Ky Radiologj 
75'78 1949 

To the 2x eases of primary Hodgkin s disease already in the htcraturc the authors add one of their 
own Interest in this dugnosis stems from the fact that so far as published reports go if the patient 
^QTvivcs the opcraxion of gastrcctom) , complete cure is likely The usual preoperative diagnosis based 
On X-rays, is extensive loffitracing caranoma of the atonuch The autho s suggest however that the 
^baractcnsac of Hodgkin s disease is poIyp-likc masses along the involved gastric area on the x-ray 
an appearance which is rclauvdy constant in all these eases although ihcrc may be no other symptoms 
^ *tgns or laboratory findings to suggest Hodgkin s disease 

Although the authors patient did not survive postopcrativcly autopsy failed to reveal Hodgkin s 
anywhere except in the operauve speameo The authors data suggest that a radiographic di 
agnosis of extensive carcinoma of the stomach in the absence of mctastascs should not prcclndc 
wtempt at operative treatment since the diagnosis may be wrong and apparently removal of a stomach 
mvolvcd by primary Hodgkin s disease may result 10 ctxrc 


^^nanct and Hododn s Disease— With a Report or Three Cases S C K^sdon From the Tumor 
and the Gynecological Department Boston Dispensary New England Medical Center Boston 
Afasi Am J Obst & Gynce xSl-lj) 1545 

From an analysis of the literature relative to pregnancy m the course of Hodgkin 1 disease 3 cases of 
^hich arc described in detail by the author, it is concluded that this disease has no demonstrable in 
wuence on ovulaaon fertility or the obstetric aspeca of gestanon partuniion or the pnerpcrium The 
disease was transmitted from the mother to the fetus aaoss the placcnu m 9 per cent of reported cases 
0 evidence was obtained to indicate that x ray therapy results id miury to the shielded fetus Artificial 
«iicrruption of pregnancy, on the basis of coexisting Hodglan s disease appears therefore to be un 

Warranted 

CPE. 

^^^othexapt op Malionant Disease. A GtUhem and L. 0 Jtmts From the Departtoents of Cancer 
and Rfcdicinc College of Phy-sioans and Surgeons Columbu University New kork N 1 
J Med 6 xSS-xyi, 1949 

The chcmothcrapcuuc value in malignancy of microbial products anurcucular cytotoxic scrum 
‘C acid conjugates and antagonists stilbamidinc urethane androgens estrogens and nitrogen mus- 
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tards IS comprchcasivcl) and cncically rcMcwal from the standpoint of invcsuganvc efforts and i*- 
tionalc leading to their clinical use, mechanism of action and clinical appliciuon and lumtinons, 1S6 
references arc inclndcd 

The authors have drasvn the following conclusions (i) androgen thcrap) 11 warranted m projunc 
malignancy no longer localized, (i) urethane is of value m chrome myclogcnoas and lymphatic Ico- 
kcmia hen x ray therapy cannot be used , (3) nitrogen mustards arc useful adjuncts to radiotherapy m 
malignant lymphomas (4) after coovcnaonal thcrap> has failed, androgens m caranoma of the kcait 
with sLelctal mctastascs and stilbamidtne m multiple myeloma with miractablc pjain should be tried 
(3) antircticular cytotoxic scrum and tcropterin have no proten beneficial cffca on mahgnant ducaie, 
C 6 ) estrogen treatment of carcinoma of the breast with soft tissue mctastascs m postmenopausal womoj 
needs further investigation and (7) microbial products to date have not proved effective in the treatroem 
of human neoplasms 

The concept that our failure to produce cures may be due to the fact that certain cells in a ncopliiB 
behave like bacteria which arc capiablc of developing resistant strains to chcmoihcrapcunc agents, u 
intitcstuig From chat point of new one wonders if the simultaneous admimstraDOC of scvcnl poton 
chemotherapeutic agents carl) might not offer even greater therapeutic benefits than alternate therapeu- 
tic courses over a longer period of uroc 

H B M 


CHfi>JOTHE*APY or Lrui>iioMA AND 1 -bo ebkii a IK Damcsbtk From Tufts College Medical Scfawl 
and the Pratt Ehagnostic Hospital Boston Mass Bull New England M Center 11 ^^9 

This paper presents a concise historical review of chemochcrap) in the proliferative disorders of ih^ 
white cells and lummariics the amhor s experiences with nitrogen mustard (desenbed in 
11^9) and with certain foUc aad anragonitts, including ammoptcrin a rocthoptcrin ammo-aiH 
a nmopcerm Of at cases of acute or subacute leukemia who snmvcd more than four days liter iin 
thcrap) , remissions occurred in 9 The most pronounced drug coiiaty and greatest efficacy weft om®" 
strahle in the patients receiving aminoptcnn which proved to be as effective and toxic when 

tered orally as when given parcotcrall) It was appai^tly necessary to produce definite toiicma ^ 

tions in order to achieve a remission Therapeutic complicauons incJndcd oJccrauoc of mn^ 
raucous membranes nausea upper abdominal discomfort and diarrhea. Vascular purpura an ^ 
hanced bleeding tendency -were also observed 

It Was concluded that the folic aad antagomsts posses^, m var) mg degrees the capacity 

remissions in about one third of the eases of acute and subacute leukemia both m adults an m 

and in both leukemic and leukopenic forms Qmical hematologic and at lease paniaJ j,j. 

Mons occurred most commonly in lymphocytic and least often m monocytic IcuLcmia ^ 
no means curative these agents were therapeutically effective to a degree suggesting tha^ uncut of 
mg knowledge of cellular enz) roc systems and their inhibiiors great improvement in the 
leukemia may be anticipated and that the successful control of this disease may ultima y ^ p 


Effects OF Fouc Aod Antagonists Inoculated IN Embryonated Eaoi F F ^ 

From the Thorndike Memorial Laboratory Boston City Hospital Boston Mass 

441-430 1948 ^^rhcdcsclupnieut 

Since 1923 when Sabin first reported that fracuon R of Inxr extract would intlucn H 

of priraiuvc crythroblasts of living chick blastoderms contradictory results ha\c jlcimc: 

larious mi'cscigators Muller (1930) and Hays Ijist and hoch Oy-F.") obtained 
(3938) obsen cd nonspecific dcgcncrauvc changes in the liver More recently Rigg‘0 [h 

chat chick embryos incubated 31-33 hours responded to liver extract m three ''*1* incrcas: I'f 

ratio of crythroblasts and micromcgaloblasts reduction m percentage of histiotd s 

mitoses in prophasc The present arucle ly Wagicy and Morgan is important because if fit day berna 

omc folic aad antagomsts arc injected into the yolk sac of chicks incubated for 
topoicsis IS dcfimtcly influenced Blood islets arc decreased in sire and number nu ofihccni 

karyolysis and karyorrhcxis The larger doses of antagonists shortened the °of folic acid 

bn os It was possible to protect against this effect by using rclativcb large oscs o 
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possible ^^lth ihc dosage of Ii\cr extract and Mtamm Bj used In this connection it should be noted 
that Rusaiyik Louingcr and Lajtha (194?) reported that folic acid acts directly on mcgaloblasts in 
tissue culture Methyl 4 aminopccroylglutamic acid uas not as potent as 4 amino-ptcroylglataraic acid 
and N'® mcthylptcroic acid had no effect in rclatncly large doses Experiments like this should be en 
couraged and extended 

O P J 

The Bu»d Cells and the Hemopoietic and Other Organs of Dogs Gives Istravenous Isjzcnoss 
OP l-Chloroutkyl Vesicants / E hjnJnJ From the Anatomical Laboratory Unwcrsicj of Virginia 
Charlottcs\ulIc Va Arch Path 47 37S-39S 1949 

The present eipcnmcnts rcin\cstigatc on dogs experiments of a similar nature previously conducted 
on rats Although the data arc of a similar nature better information concerning the daily changes 
tn the blood picture v,crc obtained The material consisted of 17 dogs and the scsicants used s\crc bis 
Cl chlorocthyl) sulfide dissolved in thiodiglycol the hydrochlorides of ethyl bis CKhlorocthyl) amine 
^ ttis (l chlorocthyl) amine dissoKed in isotonic sodium chloride solution just before being injected 
mto the saphenous vcm The results indicate that not only are vesicants rapidly acting specific poisons 
hut that they have a slower more general intoxicating effect Secondary pathologic changes occur in 
the organs which arc believed to interfere with their proper funcnoning 

O P J 

Multiple Mtelosla. Its Cunical and Laboratory Diagnosis with Emphasis on Electrophoretic 
ABvoRMALjnES W S Adsms E L Allmg and J S Laurenci From the Departments of Medicine 
and Radiology University of Rochester School of Molicinc and Dentistry and the Medical Clinics 
of the Strong Memorial Hospital and the Rochester Municipal Hospital Rochester N Y Am J 
6 141-161 

Sixty-one cases of multiple myeloma were analyzed and emphasis was placed on the most common 
and charaacristic clinical and la^ratory findings A large section of this presenuuon is devoted to the 
electrophoretic study of the plasma protein abnormalities These studies wac considered of particular 
^alue in the differential diagnosis of this disease 

Of the 30 eases of muluplc myeloma studied clcctrophorcticaliy 11 shoutd major abnormal parterns 
With ull narrow peaks 8, without such peaks presented slight but significantly irregular pattern ab- 
nonnalincs and 1 ease of solitary mjcloraa of the aacrum with chronic infection showed patterns con 
'otenc only with infection 

The association of Bence Jones protein with multiple myeloma is discussed It was obscricd that the 
incidence of Bence Jones peotcinona was low m the group with large abnormal peaks in their clcctro- 
phorcuc patterns but high in those patients with only small abnormalities It is suggested chat these 
*null abnormal peaks were due to Bence Jones protein in the plasma and the Bence Jones proteinuria 
m these patients because of the absence in the plasma of a protein of high molecular weight 
capable of forming complexes with Bence Jones protein 

Undoubtcdlj electrophoretic studies will pro\ c of great value m the future m our objccn\ c c’- aluauon 
^ *hc beneficial effects m this disease of the various chcmothcrapcunc agents 

H B M 


RADIATION EFFECTS 

Developments is Rats Exposed to Beta Rays The Late Eitects or P“ Beta Rais 
S HtJishaw R S Sntder and E F Ri/cy From the Clinton National Laboratory Biology Division 
^k Ridge Tenn Radiology /a. 401-415 1949 

c exposure of rats to large single or repeated doses of beta ray s from externally placed resulted 


inthc 

'ubcut; 


appearance m the rats some ten to twelve months later of a large variety of tumors of the skin and 
^tancous conncaivc tissue Rats v.crc exposed either to single doses of beta irradiation from plastic 
* containing radioactiic phosphorus or to repeated daily doses for a period of months If the 
'■^as sufficiently lots there tvcrc no effects of the irradiation WTicn single doses of 4 coo to € 000 
^ Croentgen cqunalctit phvsical) were given typical changes occurred as follov-s In me week 
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acute skin aythema was followed bj desquamation alopeaa ulcers and in some rats death m fonr 
weeks Rats which survived showed hcahog of ulcers bhndness, filing off of the ears alopeaa telan- 
giectasia of the skin and ulamately, neoplasms The neoplasms vrcrc of all varieties seen in the ihn 
and connective Qssue and were malignant Certain nonmalignant changes (producaon of extra claws 
soft tissue papillomata} also occurred 

These changes were less marked at single doses of 8 coo rep suggesting an optimal range for 
their production They were much less marked in certain of the animals exposed to small daUf doses 
over a period of months Tumors did not occur m control males and were much less frequent in control 
female 

No condusions are drawn which might relate to human usage of internal beta irradiation (1 e in 
clinical application of P“ therapy} The range of dosage m the authors experiments was ertrcmclj’ 
large Cl rep is the amount of loninng radiation produced in one gram of assue by i roentgen) and 
outside the climcal range The conclusion however that this type of irraduiuoo resulted in a change in 
the desany of certain cells is obviously tenable and of great interest in questions of growth 


BONE MARROW 

Noxmal AND Pathologic Phyuoloot OP THK Bone MAnaow TV IV Zxtlxff From the Anemia Qimco/thc 
Children s Hospital of Michigan and the Department of Pediatries Wayne University College of 
Medicine Detroit Michigan Am J Dis Child 77 481-502^ 1949 

Several intcrcsang and logical, although admictcdly controversial, concepts arc presented in thn 
excellent ducuasioo of aortnal bone marrow physiology and the functional disturbances assooitcd with 
vanous disease stares 

Normal hemopoiesis involves three distinct functions (0 mulnphcation of preenrsor cells by mit^, 
(l} maturation of cells and (3) release of mature elements Mitosis and maturation arc 
opposing although finely incegrared ccndcjiac* in the development of the marroTV cells While botn 
processes normally occur in nearly all stages of cdlular development mitosis predommates in youngtr 
cells and macuranon m the more highly developed cells with a furly even balance between the two m 
the intermediate stages In various pathologic states the functions of mulnpUcauon and mxturatiOT 
become dissociated Thus if mitotic function is lost in the more highly differentiated cells th e n 
of immacunc cells increases markedly due to the depletion of the more mature cells and to the pred^^^ 
nance of mitosis over maturation at primitive levels Maturation of such cells 11 therefore scanty 

and abnormal , ^vhitc 

Perhaps the most controversial point in the discussion is the concept that all i mm ature red an 
cells which appear in the peripheral blood in abnonnal condiuons Cc-g leukemia} come 
medullary foa of hematopoiesis rather than from the hone marrow Several observaunns am 
suppOTt this viewpoint In certain conditions in which e x tra medullary hematopoiesis can 
itratcd or assumed this is easily cooccivablc but there would appear to be 
The answer must await a more thorough understanding of the mcchamsm of release of cello 

from the bone marrow .. « 

H.W h 


Study or Fixed Tissue Sections ov Stkenal Bone MAaaow Obtained Needle the 

Metastatic Caeonoma in Sternal Bonk Mareow A S WtuhrriP ' K ffr f verntr 
Department of Medicine lakeside Hospital and the School of Medicine Western Reserve m 

Ocvcland Ohio Am J M Sc x/7 z63^l 68 1949 oos m the sternal 

Of 50 selected patients with malignant rumors 7 were found to have mctastauc Icsi marrow 

bone marrow as demonstrated in tissue sccnoos of particles obtamed by needle biopsy 
mciastascs were found only m the ease of those tumors which have a tendency to metastas^ 
Metastasac lesions were found in the marrow in a panents after operations for caranoma 
and breast respectively In one panent a metastatic lesion in the marrow was the only jq 

tern evidence of carcinoma This would indicate that the procedure might be of benefit 
cases of carcinoma which arc likely to metastasize to bone, and as a dugnnsfic tool in ^ C. 
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ANEMIA 

The CuNiCAL and Roentgen Manifestations of EamiRODLASTOsi* Fetaus AL Rtnv, I A Sbaafer, 
and G hrosnick From the Departments of Radiology and Obstetnes Boston City Hospiul, Boston 
Mass Am J Roentgenol tfr 191-301 1949 

Prcparnmi fetal rocntcnographic findings in erythroblastosis are described in 4 eases These changes 
indodc increased bone density zones of decreased density in the long bones at the cartilagenons jnne 
nire, soft ossne edema, evidence of fetal death 

It would be desirable to have information on a much larger number of cases before any possible valac 
of these changes in anticipating erythroblastosis can be evaluated 

C A F 

Fouc Aod in Cozuac Disease A Sttjdt of Its Aduinisteation in Twentt-Two Cases J D Ih^ 
From the Royal Liverpool Children s Hospital aod University of Liverpool England Arch Dis 
Childhood a/ lao-aa^ 1948 

It had previously been noted that although the macrocytic anemia associated with certain eases of 
cocliac disease responded favorably to ptcroylglutamic acid other types of anemia in such cases did not 
show any response to the material The authors treated la children in whom th^ were able to establish 
a diagnosis of cocliac disease None of these children apparently had fibrocystic disease of the pancreas 
None of these eases had macitxytic anemia 

a preliminary period of one to two months treatment consisted of a low fat high protein diet 
'vith added liver extract and vitamins After this penod pteroylglutamic acid was added to the regimen 
for a comparable period of tune The dose of fohe aad was ao or 10 mg daily for one to two months 
There was no particular change in the laboratory or clmical status of the paaents on folic aad and the 
anthor concluded tfiat this material had no effect on cocluc disease in eases in which a macrocytic anemia 
(and megaloblastic marrow) were absent 

S E 

Clonic Htfoplastic Anaeuia Arisino in Infancy T Kebson and P J Switnty From the Royal Vic 
toria and West Hanes Hospital London England Arch Dis Childhood 194-1.96 1948 
The subject of this report was pale at birth and showed at the time of initial ex a m i n ation at the age 
of 18 months pallor, slight hyponucncion mental rctardauon and ptosis of one cychd (which was 
present congenitally) The liver spleen and lymph nodes were normal The red cells numbered i 130 000 
per cu mm , with a hemoglobin of ao per cent (a 8 Gm ) the white cells and platelets were normal 
reticulocytes were virtually absent and a bone marrow aspiration showed a marted rcdocuon of 
erythroid activity A subsequent bone marrow biopsy shov.xd absence of red cell precursors Treatment 
of no avail, except blood transfusions which were ncccssarj and suffiaent to maintain the child s 
at reasonable levels 

According to the authors there arc vciy few reports of pure red cell anemia in the literature perhaps 
^ children aod 7 in adults This report therefore is the seventh in a child Of importance state the 
'Alters IS possible spontaneous remission following repeated blood transfnsion over a long period of 
**nic, hence continued treatment although without optimism is indicated ^ 

^'ciOemia Its Patholooical and Clinical SiomnCANCB. H R Praxt Tbem^s and P A- Strirzo ' From 
'be Departments of Pathology and Medicine, Medical College of the State of South Carolina Charles 
ton S C South M J 376-384, 1949 

Ten eases with necropsy findings arc presented in which profound sicLImg of the red cells was the 
outstanding and often the only significant finding None of the patients had aaivc sicUc cell di^ 

In several eases ischemic lesions were seen in the spleen Lidncj or bram although thrombus formation 
not demonstrable in the vessels supplying these areas 

question is raised as to whether vascular obsmiaion is produced pnmaril) b> the masses of 
^Sfilutitutcd sicUc cells obsen cd histologicaUy or w hether sicUing and aggluunatioo arc merely second 
pbenomena under conditions of stasis and anoxemia Regardless of which is the initiating factor 
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these Cass do emphasize the potential hazard of sicUemia in conditions prodoemg lowered oiygen 
tension snch as shocl^ ansthsia fever and congestive failnrc 


H.W B 


Response of Linoual Manipestatioks of PzaNiaons Anemia to Ptbeoyiolotamic Acid and Vniicw 
Bij J F Scbttu and R \V RjmdUs From the Department of Mcdicmc Duke Umvcrsitj School trf 
Medicine Durham N C J Lab & Qin Med 435-447 1545 

Two patients with pernicious anemia in relapse taking 30 and 50 mg of pccroylglatinuc acid didf 
developed acutely sore tongues with mucosal atrophy during the third month of therapy The Unguil 
mucosal atrophy of 5 patients with untreated pcmiaous anemia responded m five to seven days to mja 
tion of vitamin Bu The authors mention that m 6 of their patients treated with pteroylglotamic 
acid whose lingual responses were poor or who later relapsed, the blood levels remained below normil 
neurologic disease progressed m one and the red cell count fell significantly m inotha They state m 
conclusion *1110 therapeutic limitations of ptcroylglutamic acid m permaous anemu relate to ill 
manifcsranons of the disease — anemic neurologic, and lingual — rather than to merely the ncurologic- 

G EC 

BAcmiMETEJc Studies III Bi^d Level Studies on Teiopteein Metabolism G Teaows aaJ D L 
Gallant From the LanLcnau Hospital Research Institute and the Institute for Cancer Research 
Philadelphia Pa J Lab Be Clin Med 3^ 301-508, 1549 

Studies using L easel and Str fatcalts of the fate of ptcroyltnglutanuc aad in human subiccts in- 
dicated that two hours after mtramuscular mjcctioo approximately two-thirds of the dose was presou 
m the arculacioa Of this total about nvo-chirds was present as the mono- and one third as the rn|lii- 
tamatc Subsequently the concentration of the monoglotamate declined more rapidly than the tnglD- 
tamatc Diffcrcat individuals showed considerable variations from the average metabolic paticnn 

G EC 

Mboaloblastic Anaemia in an Infant J H Hatthesoft and F MacArthar From the Dcpartmciit^ 
Quid Health Univcriicy of Glasgow and the Royal Hospital for Sick Quldrco Glasgow, Scotlaw 
Lancet I 916-917 1949 

A ease IS reported of a girl who at li months developed severe anemia following enrenns 
sponded to treatment with liver and iron but relapsed after a further attack of diarrhea and 
and was readmitted to hosptal at 17 months On investigation the anemia proved to be mcgal 
and responded to folic aad treatment _ - 


The Maechiafava Michku Syndrome (Paroxtbsial Nocturnal HAEMCxatoBiNuaiA) J b 

the Department of Medicine Umvenicy of Cambridge and the Bland-Sutton Insntntc of Fa 0 
Middlesex Hospital London England Quart J Med li 105-12.1 1949 ^ 

The authors present a thorough review of the literature and report 3 additional cases 0 
Michcli syndrome, bringing the total reported at the time of writing to 76 The review 
abnomiality m the erythrocytes which undergo lysis by a thcnnolabilc component of norma 
Hemolysis is inhibited by sodium atratc potassium oxalate potassium cyanide, and 
possible efficacy of pilocarpine mtratc in treatment is mentioned a favorable inflncncc on 
apparently bang observed in one ease The drug m this instance had to be discontinued 
desirable side effects Splenectomy is ineffective and is accompanied by a 40 per cent uperauv^^^^^ 
the eases where it has been artempred Since hemolytic anemia without hemoglobinuria may 
clinical picture the necessity of performing the specific serologic tests for this disease m 
hemolytic anemia is apparent W N V 


On pERNiaom Anemia IN Myxedesia H Ester and F E Sebmengitr Dtsch Arch kJm Med 93 


1 mania (cndocniK 

Three forms of anemia arc seen in myxedema (i) The uncomplicated mj'xcdcnuc 

CO hypochromic anemia Ccndocnnc type plus sidcropcnia) (3) yperen 

form similar to pernicious anemia 
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The author gi\cs a description of a t)pical ease of the third form The follouing characteristics differ 
cntiatc the m)xcdcmic pernicious anemia from the tj'pical pernicious anemia (i) Unusually high color 
mdci (not treated i 5), (x) inhibition of hcmoI)si (3) inhibition of bone marros/ activity (4) course 
free from fc\cr and rclatnc hradvcardia despite severe anemia (5) normal o slightly reduced basal 
metabolism 

The endocrine disturbance preoares the ua\ for pernicious anemia 

CM 

IvvEsncATioss or the Red Cell Picture under the Chronic Intluence or Benzene and rrs Derivates 
SpEaAL Reqard to the Dia tETEU or Erythrocyte Karl HumptrJtmk and AIJjtjs Abler (Ar 
bcitsmcdizin Institut Stuttgart/TQbingen ) Acrztl Forsch No 5 117-ixo March 10, 1949 
Mixed solutions of benzene and its deris acts cs as used in intaglio damage the Icukopoictic S) stem 
ind cause a moderate anemia of the hjpcrchromic tjpc This anemia is characterized by a slight increase 
of the average diameter of the red cells Insxstigations based on xo eases illustrate the diagnostic im 
portance of this hyperchromic anemia as an early symptom 

CM 

Cells of the Meoakaryocyte Series in pERNiaous Anemia In Particui-sr the Ettect or Specihc 
Therapy R D Epstein From the Thorndike Memorial Laboratory Boston City Hospital Boston 
Mass Am J Path aj- X39-X51 1949 

fo the past the many studies of picrnicious anemia marrow during relapse have reported a decrease in 
megakaryocytes in general, and alterations in nuclear scgmcntatiOD and lack of azurophilic granules 
m lomc instances In the present study, marrow was aspirated from 5 patients before therapy was begun 
^d again after the reticulocyte response had occurred The number of megakaryocytes was estimated in 
of a million nucleated cells within about xo oil immersion fields Two general classes of megakaryo- 
Were recognized, viz the mononuclear group and the group containing multiple uodei 10 a single 

* 7 toplisimc mass The latter arc referred to as polykaryocytes of which there may be young mtermedute 

wd mature forms During relapse the percentage of polykaryocytes was high and that of the raono- 
naclear megakaryocytes low After remissions were induced by liver extract therapy the rauos were re 
Whole blood and red cell concentrate transfusions did not produce this reversal In other words 
the mcgikaryocycic system in pernicious anemia during relapse needs something other than an increase 
m the oxygen-carrying capaacy of blood 

O PJ 

ChrONIcFaMIUALMeTHEMOOLOBINEMIA AND ANEwMoDinCATIONOFMETHCMOGLODIN H Hfr^ew and 

G Wchcr (Inn Abtig dcr Stadt Krankcnaostaltcn Wuppertal EIbcrfcId ) Dtsch Med Wschr 1948 

476-478 

A familj with methemoglobinemia is described m whose case, contrary to former observations hcred 
‘ty SMS not recessive hut dominant Furthermore the pigment was not the usual mcthcmoglobin but a 
new modification with a maximum absorption band at 6oo^;x The author belies cs that this vananon is 
due to a specific change m the globin component of the hemoglobin molecule 


CM 
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The International Society of Hematoloot 

The following News Letter (May 1949, Vol I, No i) has been received from 
The International Society of Hematologj , Office of the Secretary General, Western 
Hemisphere 

Ofiens snj C*trru tlms 

President Sir Lionel Whitby Cambridge England 

Vice President Lois Sando\al S Santiago Chile 

Vice President Giovanni Di Goglielmo Naples Italy 

Vice President Wdliam DamcshcL Boston Mass, A 

Secy -General Europe Marcel Bcssis Pans France 

Secy General Western Sol Haberraan Dallas Texas U 

Hemisphere 
B^d cf CoMnciltr^ 

Counalor (Vist President) Joseph M Hill 

Argentina Alfredo Pavlovsky Finland G Totterman 

Brazil Walter Crut (Actiog) Holland S I dc Vnes 

Canada Theodore R Wangfa Italy P Introm 

Chile Hugo Vaccaro India C R Das Gupta (Acting) 

Cuba Moiscs Chcdiak Mexico Ignacio Gonzales Guimw 

D enm a r k E Mcuicngracht Sum Rod Sinvcjkul (Acnog) 

England R Bodicy Scott United States of Charles A Doan 

Janet Vaughan America Edwin E Osgood 

France Paul ChcvaJIier Ernest Witebsky 

A Tzanck 

ZfS0 Cenfftss Cfmmtttie 

Secretary Treasorer Martin Hynes 

L S P Davidson J V Daae 

L. J Witts A H T Robb Smith 

J F Wilkinson 

Pniram Ccmmtftft (Cemmitfet wcfmpitft'). 


England 

C J C Bntton 

R R A Coombs 

Scandinavia 

P H Andresen 

France 

A Tzanck 

USA 

I Davidsohn 

S R Mcmer 

Italy 

E. Stoni 

Mexico 

Eduardo Uribe GucroU 


The Second Congress Flans to Date 

The Society will hold its Second Congress in Cambridge, England, August 2J 
1950 Reports of plans and progress from President Sir Lionel Whitby, and 
Treasurer of the 1950 Congress, Dr Martin Hynes, are indicaavc of an cxcc cn 
mccang 

Living accommodauons arc being planned at the University of Cambn ^ 
m Cambridge The living quarters arc being arranged to accommodate m 
and their families The Society will be glad to receive visitors who desire to attc 

loSz 
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the Congress Applications for living quarters will be sent to those desinng such 
assistance at a later date 


LETTER TO THE EDITOR 

The following letter has been received from Dr A Piney of London, England 
(For reference, see “Revised Nomenclature Pro and Con, Blood, June 1949, pp 
776-781, for the original article, source of the discussion, see “Condensation of 
the First Two Reports of the Committee for Clarification of the Nomenclature of 
Cells and Diseases of the Blood and Blood-forming Organs, Blood, January 1949, 
pp 89-96) 


To THE Editor 

I apprcciitc that )ou maj not be able to publish an extensive correspondence on the proposed stand 
ardization of hematological nomenclature but I hope that you ma) be able to find space for a fciv bncf 
rcmarici 

(0 Those s\ho, like myself can look back more than a quarter of a century will have noticed that 
their IS far greater international agreement about the names of b]ood<clIs than there used to be This 
has come about by evolution in fact, bj what Dr Wintrobc (p 777) advocates viz adsancing knowl 
edge rather than in too much concern about names 

00 Dr O P Jones points out (p 777) that hematology is international in its scope and as a con 
sequence, its terminology is not the pro p erty of any one country but in contradiction to this Drs 
Osgood Krackc and Heck assert ‘The problem seems sufficiently difficult to settle m ont language at 
a time 

Is not the only valid excuse for a terminology based on the classical languages that it can be intciua 
tiooal^ 


The proposals of Dr Osgood and his colleagues arc such as to be quite useless to those who do not 
^pcak English Rubriblast is a nasty etymological bastard but it is not so parochial a term that a 
rcnchman or a German could not understand it, but pernicious anemia type is incomprehensible 
to him 

(ni) Even you Sir inadvertently demonstrate that evolution is a more satisfactory method of prog 
than is dictation You say (p 783.) Certainly, consistency is always something to be applauded 
so why not use for leukemia the terms myclocyuc lymphocytic and monocytic rather than mycJo^fffwr 
ymphijiif and mono^;/f? The answer to your question is of course that not all myelogenous leukemias 
are myelocytic or all lymphatic ones lymphocytic 

A foolish consistency is the hobgoblin of little minds Speak what you think to-da> in words 
cannon balls and tomorrow speak what tomorrow thinks in bard words again * 

Ov) A Committee appointed by the Minister of Public Health in France has produced a nomenclature 

relatively simple and which docs not represent a break with the history of hematology Even 
cvallicr* has published an alternative scries of suggestions while attacking the quasi-official one 
sponsored by the Ministry 

we not Sir in danger of being prccipiutcd into the same sort of sterile arguments that filled 
undreds of pages in the early volumes of the Folia Hacmatologica^ And should wc not do better to 
continue as in the past by defining our terms whenever necessary until some time in the future a 
a I c but inherently stable terminology comes to birth, thus allowing us to avoid the risks of mal 
^^rmation that arc inherent m all premature births? 

ALTaro Pivrr M D 


^ person Rilph Waldo Ejsays ii Self Reliance 
Uic\a]licr P Rapport pour servir 4 la discussion snr la nomenclanirc des cellules dn sang Sang .c 
330-348, 1949 
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Bmt Mjtjtow Biepjj HoMtolo^ tn the Liike oj Sternal Punctart S J Leitner iccrJand} Enjjlish Tram 
lation RcMscd and Edited by C J C Britton and E Neumark of London Grunc &. Scrittoc 
New York 1949 58 50 433 pages 

If one w ere to single out the one technic w hich has done most to ad\ ance the cause of hematology in 
the last two decades marrow aspiration ssould probably be well in the foreground Despite this there 
has been a real dearth of good texts dealing with marrow biopsies fintton and KcumarL have therefore 
done a due service for the English speaking medical profession m translaung and rcMsiQg Lcitccrs 
monograph The result is a comprehensive 433 page work replete with hundreds of references to the 
current literature 194 text figures and 6 color plates The technics and methods involved m stcrrul 
puncture arc well described Unfortunately there 1$ no dcscripuon of the sternal trephine biopsy nor 
of puncture aspirations in other sites ic spioons process of the vcncbrac the iliac crest etc. 

The various marrow cells arc carefully described An unusual feature 1$ a description of such mittm 
as mitoses maruracton curves karyokinecic curves and abnormal cell division 

Excellent descriptions arc given of the marrow in pcmiaous anemia idiopathic hypochroiDic 
anemia and in such miscellaneous discurbanccs as the anemia of hemorrhage infccnon and nephntu 
The descnptions of the marrow in polycythemia vera and aplastic anemia arc by no means u compre 
hcnsivc however aud below the standards set for thrombocj ropenic pmpura and nimors. 

Dcscriptions of individual cells arc excellently done The color plates show excellent color repro* 
dacciaa Oa the other band some of the phocomitrograp/if of single cells leave somewhar fO he doird 
and could have been arranged with more imifomuty The bibliography is exhantnve and references to the 
litcramre arc not only well chosen bat complete 

Thu book IS the first comprehensive text on marrow aspirauons and as such should be required 
reading for all those having any interest in clinical and investiganvc hematology 

William Daushix 
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STUDIES ON HYPOPROTEINESnA 


IS lost in excess from the blood stream in nephrosis, ‘ in altered vascular pmncabil 
ity, as in bums,' or with excessive catabolism of proteins, as in hj-perthyroidism, 
uncontrolled diabetes mellitus' and pjrexia 

A more complex type of h}’poproteinemia which persists in the presence of nssuc 
protein repletion occurs in patients with gastric cancer,® in chrome tuberculosis," 
and in certain types of kidney disease " In another group of cases the hypopro- 
tememia is unexplained and is therefore designated idiopathic hypopro- 
teinemia 

It appears from the preceding discussion that a theory of simple depletion alone 
cannot explain all of these phenomena Although many aspects are still but 
little understood, an approach to some of them is possible in favorable arcuin- 
stances 

In the patients studied by us, a number of physiologic factors governing the 
homeostasis of single protein components have been observed There were none of 
the usual systemic disorders leading to changes of the protein pattern and, except 
for the dysproteinemia and idiopathic hypoprotememia in some cases, the indi 
viduals were healthy 

A detailed desenpuon of the chnical syndrome is necessar} for the proper inter 
pretanon of the experiments to be described 

Paet I The Chaeactebjstics of the Stndrome and ns Famiuai. 

Aspects 

After the clinical studies desenbed below, it became evident that the subjects 
studied presented a new syndrome, for which the name famihal idiopathic djs 
proteinemia is proposed The syndrome is charactenzed by the famihal occurrence 
of edema of the legs, with ulcers in the males and functional vascular changes in 
the females, by dysproteinemia of vanable types and sometimes disccmablc o y 
by electrophoresis, by a number of congemtal malformanons and by n 
adence of snllbirths No ctiologic factor was found 


Mtthods of Study 

A complete history vras taken in each availahlc member of the family and checked against 
by every other member a complete physical cxaimoanon was made of each available member ^ 

possible rouane studies of renal hepauc,* cardiovascular (mcluding osallometnc studies by 
the GiUms oscillometer) gastro mtcstinal and adrenaia*"” funenon weic earned out In the case ^ 
patients special tests sverc employed These included liver biopsy through an abdominal mcision m^ 
case (Case 8) and muscle biopsies for study of blood vessels in two cases (Cases 5 and 8) as 

urements of the renal clearance of glucose para aminohipponc aad and manmtol Gluco^ 

tests** and mtrogen phosphorus and potassium balance studies** svere performed on the 
The total plasma protein concentrauon was measured by Kjeldahl analpis and 
protein mtrogen Plasma volumes were estimated by the Evans blue method ** The volume 

cellnlarflmdspaccsvasestimatedbythcustofthiocynate.**Theelectrophorctictechmcused in ^ 

has been described elsewhere ** Unless otherwise specified a veronal-atrate buficr at pH 8 ^* 
strength o 10 was used Electrophoresis was performed on samples of plasma obtai ned from e P* 

* In the liver function tests the following methods were employed measurement of hippuoc 

crction — retention of bromsulfaleio ** cephalin fiocculatiou test * and thymol turbidity ms* 
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Table i —Nurojfr Pbcsphcr^s and Pc asstun SimJj iS Days 

Average N intake per daj I 

Average N output* per day ' 

N Utilized per day I 

A Utilized per daj ' 

P Utilized per day j 

Stool a85-^7 Gm per daj 


Ste also Fjg j 

zS o Gm 
2-4 5 Gm 
3 5 Gm 
6 1 mAL 
145 mg 


TABLfe i_ Case S Tabulation of Total Protein Concentration Albumin Concentration and Protein 
Intake from December ipof to Onober tpo" 

loo ™eans the 975 cc. of plasma injected at that time contaimng 6 15 Gm of protan per 

once that the actual Celectrophorencallj measured) albumin is considerably lower than 
t measured by the Howe method The Hosve albumin roughly corresponds to the sum of the 
aectrophorenc albumin plus the globuhns 


Date 

AibumiD Gm 100 ml 


! Total Plasma 1 

' Intake 

1 Proton I Cm /day 

Electrophoresu 

^ Howe 

'W45 ( 


3 57 

5 1 


3/ /46 

Rockefeller Inst. 

3 S3 

4 oG 


6/ [ 


3 2-5 

4 9- 


ii/ii 



i 1 


11/19 

1 >-5 

1 

1 

5 oS 

t 

11/10 


3 2-3 

4 31 1 

-.00 

11/15 


3 19 

4 51 1 

1 

11/4 

I 95 C+<»i + <» = 3 m) 

3 

: 4 58 , 

1 

11/13 



1 4 6s* 1 


Plisma r/17'^"^^^' 

1 75 


1 ,1. 1 

75 

1 

1/17 

2. 96 

1 

1 5 49 


1/18 


1 1 

6 01 


1/30 

3 05 


5 83 1 


1/1 

2- 79 


5 J-7 

t 

^/5 

1 68 


5 '3 I 

75 

i/ii 


1 

4 95 

1 

Albumin 


1 

4 70 j 


PI 5/' 



5 i6t j 


'^‘ismaphoresii 


1 

t 

1 


5/8 



1 

3 60 


H 5/17 





"vpiutis 



4 4- j 

?■ 

6/13 

0 93 C+on + a “ Z.08) 

1 Si I 

2 60 I 

^ 1 

10 

G/18 

1 

3 4S ! 

4 75 f 


G/11 

1 

3 3S 1 

5 ^3 


6/14 

1 

3 37 ( 

4 59 I 


7/11 

2-66 C+®i ® “3 9*) 1 

3 S5 

S ' 


10/8 

i*oS + « “3 • 


4 04 


10/10 

2-2.9 C+tti H- a “ 3 14) 1 


4 58 


10/15 



4 70 

: 


Pljsma vol 3000 ml f Plasma sol -360 ml 
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in the postabsorptivc state Since valoes for the vanons protein components given as percentages maj be 
misleading -when the total protein concentration is lov. the concentraaon of each c om ponent is giro 
in grams per joo ml of plasma The amino acids of plasma and nnne sverc studied bjehromatograns on 
paper ’• and no abnormalities svcrc foimd 

The composite family history is indicated in the gcncalogic table in Bgorc i The strong plijncal re 
semblance be m ccij some of the members of the family is evidenced m bgnre x. 

The mother now 70 years old and a cardiac pauent had suffered from ankle edema since the ap of 
50 There were consistently large families on her side as well as on her husband s in both thar genennoa 
and the preceding one In contrast to that she had only 6 living offspring out of ii pregnanoa Thcstill- 
bom fetuses were described as edematous about 7 months old and nrcraic poisoning was gntn as 
the presumed cause of death A sullbirth also occurred in the subsequent generation prcsninaWy in tir 
third month of pregnancy No information was obtained regarding this ferns 

The father s faimlv history rc\xals 3 surviving brothers one with long-standing edema of the legs, 
presumably due to varicose veins and z with prominent floating ribs The father had edema of the legs. 


T ABLE 3 — L/ffr Fmaettits Ttsts tn Casts t / and 7 


Case CO ^ 

Dite 

BSP 

TT 

CF 

HA. 

PT 

Normal 


0 

<i 7 

o-j-f- 

>r Gm. 

SS -ffe 

8 

11/ /45 

30%(mH) 





11/ /45 

1% (R- Q 






U//46 

0 

60 

cr'i-fr 1 

1 075 



3/ /47 

Negaave 

\ Liver biopsy 




6/13 

Hepaaa, 

3 xo 

4 + 




6/18 


3 45 

4 + 




6/15 



3 + 




7/3 



3 + 




7 M 


1 05 

3 + 




10/18 


40 

0 




”/ /47 

0 

60 

0 

1 07s 


5 

11/ /46 

4 % 

s 5 

0 

1 403B 


7 

11/ /46 

1 0 

60 

D-I + 

1 I X06 



BSP — BromsuJfaJan cicrcnon test 
T T — Thymol turbidity test 
CF — Cephahn flocculation 
H A — Hippunc aad cxcrcnon test. 


P T — Prothrombin time. 
mTl— New ■iork Hospital 
R I —Rockefeller Insarnte 


at umes severe enough to be incapaacauug he underwent a number of operations for vxncosc rems-^ 
He died of dropsy at the age of 52, following a cholecystectomy He had a double vortex pu 
malformauon recurring in several of his offspring ( V in 6g i) ntd at 

Eighteen members of the family arc included in the present study Eleven of these wrrr 
home and blood taken for electrophoresis (Cases II H IIM,3 4 6 jo ii 11,14 ^ 5 ^ Five were 
tallied (Cases 1578 and 5]) for studies lastmg from i day (Case i) to i year (Case 8) Tsvo were 
seen (Cases IT N and 1) the histones being obtained from relatives 

In 9 of these subjects ankle edema was present It is of interest to note that none of the patJcnts 
were prepubertal or at puberty (Cases 10 ii ii 14 15) had ankl e cdenia even though 
existed in 3 of them (Cases ii 14 and 15) The onset of edema in all of those affected hid ^ 

after puberty Some form of dysprotcincmia was found m all pauents with edema Of 7 “ 
had ulcers of the legs or a history thereof 4 deers 

Thcfollowingphysicalsigos werefound All adult males m gcncraacm IH (Cases 3 
ofthc legs at some time in thar adult life All adult females in generation m (Cases 4 7 -1 

oscillomcmc indices in the upper extremities Protruding floating nbs were seen m si subject 
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II L, II M 3 4 5 7 8 10 II 14 15) Doable \orticcs pilorum existed 104 indisiduals 3 males and 
one female (Cases 159 and 15) scattered through 3 generations 
Laboratory Studies (Tables 5 and 8) 

Laboratory studies revealed the following Hypoproteineraia existed in 4 cases 
(Cases 5, 8, g and 14), ranging from 4.7 Gra per 100 ml to 6 o Gm per 100 ml (The 
normal range in our 13 controls was from 6 1 Gm per 100 ml to 7 9 Gm per 100 
ml ) Dysprotcinemia was found in 10 cases (Cases 5, 6, 7, 8, 9, ii, 14, 15, II L and 
II M) The changes found in the mother (Case i) and in one of her daughters (Case 
7) may be insignificant, and in Case 6 the marked abnormalities reverted to normal 
after 6 months In all the others, dysproteinemia was present beyond doubt A 
single component was altered in 7 instances (oj, in Cases II L, II M, 7 and possibly 
Case 5, albumm in Case 9 and possibly Case 1, and 7-globulin in Cases 11 and 
14) * Two plasma components or more were altered in 3 cases (Case 5, albumin, 
aj, and 7-globulin), Case 6 showed ai and /3 markedly changed on one occasion 
on repeated analyses in two different buffers Six months later, no abnormalities 
were uncovered by electrophoresis Case 8 repeatedly had a low albumin and ex- 
ceedingly low 7-globulin values In Case 14 there was a low 7-globulin and a low 
albumin) * 

Table 4 — KiJiuj Funaiea Tests tn Csst / and Cast I 


Maocitol (glomeruUr I 
filtrxtiOQ) mi /mio | 

1 PAH (renal pUsma . 
flow) mJ /nun 

Clacose Tm 
xs^ /am. 

Normal Range 

1 90-iixa 

[ 500-700 

i 5 <^ 35 o 

Case 5 

107 1 

645 

3 “- 

Case 8 

' “7 

540 ! 

J.76 


This represents a wide variety of alterations in the concentration of individual 
components of plasma protein with only one combination of changes (albumin and 
7-globulin) occurring in more than one patient 
Routine clinical laboratory findings were normal in all subjects studied 
Blood chemical examinations other than plasma protein levels (vide supra) were 
within normal limits There was a tendency to hypochlorhy dria in the 3 subjects 
studied (Cases 5, 7 and 8) and no response to histamine in one case (Case 5) but 
proteolytic enzymes were present in the gastric juice of all patients The hemato- 
logic examination gave a normal picture, there was a tendency to low white counts 
but none fell below the normal range 

Unne examinations were consistently normal and no proteinuria could be demon- 
strated by any of a number of methods 

The renal clearance studies (table 4) and the adrenal function tests gave normal 
responses All liver function tests (table 3) gave negative results excepting in Case 
8, in which liver functions were disturbed in the course of a severe homologous 
scrum hepatitis This was followed by a return to normal function as measured by 

Intcipi ctition of the electrophoretic dati in Cases 14 and 15 was difficult because of cloudiness 
caused bj a meal being tahen before senipunenire The patterns were fairlv normal for children of this 
ipe except for the changes noted 
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the tests In Case II L, there was a history of aJeohohsm and chnically ]iTtr disuse 
could be suspected but no liver funcuon tests could be earned out 
Muscle biopsies showed normal blood vessels and lymphatics (fig 4) and the 
special stains and numerous secuons studied on the liver biopsy material talen 
from Case 8 failed to reveal any morphologic change (fig 4) 

Tablb 5 — Tabulstieu tf Plasma Prasttn Campentnss as Dcstrmimd bj Elcssnpbensss Tbc tsJbs 


falling oassidt oar normal range art ssalictxtd Stf also Fig J 


Subject 

Tout 

Protein 

Plasma Protein Grams/lOO mL 

Albumin 

0] 

as 

0 


7 



690 

3J1 

0 42 

0 61 

0 87 

0 41 

0,71 

Nonnal Range 


6 10-7 JS 

3 42-4 39 

0 25-0,54 

OSI-OAI 

0 63-109 

0J1-0J9 


StrL Deviation 


0 503 

0 292 

0 072 

0063 

0 137 

0 U/b 


Case An 

Date 









1 

4/16/47 

6 

49 

} 

0 51 

0 64 

1 03 

0 58 

0 71 

I 

4/ 9/48 

7 

18 

3 64 

0 44 

0 63 

J 22 

9 i9 

0 76 

II H 

4/ 9/48 

7 

02. 

3 88 

0 40 

0 6 p 

I 00 

0 *st 

0 86 

II L 

4/ 9/48 

7 

60 

3 89 

0 50 

9 9^ 

1 OX 

0 54 

0 70 

II M 

4/ 9/48 

6 

91 

3 48 

0 44 

9 ip 

0 56 

0 51 

0 63 

3 

4/ 9/48 

6 

38 

3 87 

0 46 

0 6 ^ 

0 74 

0 iol 

0 \\ 

d 

4/ 9/48 

7 

M 

3 79 

0 45 

0 64 

I 01 

0 54 


5 

1/ 1/47 

/ 

it 

} ‘S 

0 49 

0 }i 

0 77 

0 31 


6 z 

4/18/47 

6 

71 

3 89 

0 47 

1 9p 

e 

0 41 

0 63 

6 bt 

4/18/47 

6 

73- 

3 

0 45 

X 9J 

f 5 ^ 

0 50 


6c 

4/ 9/48 

7 

31 

4 04 

0 48 

0 77 

I 01 

0 34 


7 

I r/iz/46 

6 

M 

3 59 

0 46 

f 49 

0 77 

0 34 

» /f 

8 a 

11/11/46 

/ 


^ 2 $ 

e 

0 Si 

0 83 

0 45 


8b 

11/ 4/46 

4 

0 

^ 95 

0 49 

0 80 

0 79 

0 45 


8c^} 

1/13/47 

7 


2 99 

0 4x 

9 // 

/ ^7 



sdVli 

1/17/47 

/ 


2 71 

0 64 

0 7> 

0 99 



8c 

4/ 9/48 

4 

9 ^ 

2 69 

0 41 

0 76 

0 86 



9 

4/ 9/48 

/ 

99 

) 99 

0 41 

0 76 

0 71 

0 38 


10 

4/ 9/48 

6 

74 

4 11 

0 38 

0 66 

0 64 

0 131 


ZI 

4/ 9/48 

6 

io 

5 60 

0 43 

0 56 

0 76 

° 37 

r f 

IX 

4/ 9/48 

7 


4 xo 

0 44 

0 74 

0 90 

0 45 



* Values outside the normal ringz are italicized 
Speamen partially clotted 
J Veronal buffer ionic stren^h aro, pH “8 6. 

^ Scrum 

§ Phosphate chlondc buffer ionic strength o-z, pH = 77 
II Vcronal-atratc buffer with az M NaQ added pH — 8 z- 

Paet n Studies on the Natuee of the Defects of Protein 
Homeostasis in Familiai, Idiopathic DrsPaoTEiNEiiiA 
The following studies were made on the nature of the alteranons of the plis 
proteins 

I A mtrogen balance study was made in Case 8 This pauent was 
in positive nitrogen balance for a considerable length of time, during P° 
her total circulating plasma protein was measured repeatedly 
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2- In the same patient, the rate at which the increased albumin concentration 
returned to normal following the intravenous injection of human albumin was 
determined by measunng plasma \olume and albumin concentration’* before 
and after the injection of human scrum albumin 
3 In the same case, the rate at which 7-globulin concentration returned to 
normal following the injection of plasma containing a normal amount of 7-globu- 
lin was determined This was possible because the initial concentration of 7- 
globulin in the plasma was verj low Nine hundred and seventy-five ml of pooled 
plasma were injected and the 7-globulin concentration before and after the plasma 
infusion was followed by electrophoretic studies and also by immunologic methods 
ro be reported later The results of the electrophoretic procedures were subjected 
to certain calculations before evaluation * 


Table 6 Tht DiSMppearana ef Injected Plasma Preteen Cempenents in Case S tettb Special 


Simple 

Total 

Protein 

Albumin 

01 

at 

p 


Ti 

-ys 

yt corr 

’A7/47 F' mj 

5 3 ' 

1 

75 

0 59 

0 82. 

0 90 

-t 

0 06 

0 19 

0 z8 

^/*^ 7/47 1- hrs post- 

5 49 


96 

0 5x 

0 76 

0 8i 

-t 

0 10 

0 35 

0 31 

inj 











’A 8/47 

6 01 










’/30/47 

5 83 

3 

°s 

0 56 

0 89 

0 91 

-t 

0 09 

0 3Z 

0 47 

VV 47 

5 17 

i 

79 

0 46 

0 8l 

0 85 

-t 

0 08 

0 x8 

0 41 

’/ 3/47 

5 13 


68 

0 51 

0 76 

0 81 

-t 

0 09 

0 16 

0 

00 

Fl»ma Pool 

6 15 

3 

31 

0 45 

0 

0 

0 70 

° 37 

— 

0 71 

1 04 


■yi IS the globulin component of serum which has the mobility of fibnnogen. (Biophysica 
s^tudies on blood plasma proteins IV Separation and purification of a new globnhn from norma^ 
“““’“plasma Deutsch H F Alberty R. A , and Gosong L.J J BioL Cbein., rH/ 31-15 1946 1 
T Serum 


4 In the same patient, the effect on the plasma protein concentration of the 
acute withdrawal of 500 ml of blood and reinjection of the cells into the donor 
''^as studied (protein subtraction tcsr“) After a base-line sample had been taken, 
500 ml of blood were removed, centrifuged in a closed system and the red cells 
separated from the plasma The cells were suspended in 10 per cent dextrose solu- 
tion to make a total volume of 500 ml and immediately reinjected The plasma 
protein concentration was then followed ” ’’ 

* From the data of Pcrlmium aud Kaufman" and of Armstrong Budka and Morrison " it mas be cal 
'lilted that they globulin values obtained under the conditions used in these experiments (-15 P<tr cent 
P'“'nn and ionic strength o lo) are Z5 per cent too loss Further correaion ss-as made for rariatiOT in 
"'“ogen content and refractive index increment among the sanous plasma protein components -icce 
^ ““rrcctions increase the y-globulin concentration of normal plasma from 6 S to S o grams per ^ ^ 

“ ’'^'i'tional correctional factor of — has been applied here The total correction is thus i -5 X — = 
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5 The ability of this patient to form certain antibodies was tested in coUabori 
non with Drs M Heidclberger, E A Kabat and A Bcndich The fonnatioo of 
antibodies against pneumococcus polysaccharides was tested in Dr Hcidelbergff s 
laboratory by the method be has described “ The formation of ana A isohcmi^ 
gluniun was tested by Drs Bendich and Kabat, using an anugen (A agglatinogcn) 
that has been assayed with positive results in 9 normal adults 


Rijultj 

1 A considerable amount of nitrogen, phosphorus and potassium were retnnd 
by this patient during the 18 days of the balance study (table 1, fig 5) The con- 
centrauon of the plasma protein, however, remained the same throughout thu 
period Table 2. further demonstrates that throughout two years of observanon, 
her plasma protein remained low while her protein intake had been high 

z Figure 6 shows that this patient initiall) retained slightly more injected al 
bunun than a normal control of the same age and sex but that the slope of the dis- 
appearance Curve was parallel to that in the normal subject 

3 The rate of disappearance of the injected -y-globuhn as measured by the im 

munologic methods was rapid, with a half-life of immunologically specific or 
culaang y-globuJin of 3-5 days The disappearance rate as determined by electro- 
phoresis (cable 6) was slower but agreed with the immunochemical results within 
the limits of error of the electrophoretic method, which is large for the mc«ur^ 
ment of such a small component , 

4 The result of the protein subtracuon test was obscured by the fact that e 
sample taken Z4 hours after bleeding was hemolyzed, due to difficulues in veni 
puncture in this patient, consequently, the extent of the fall of the plasma proton 
concentraaon following plasmapheresis could not be evaluated Thcie wu 
clear-cut increase of plasma protein 48 hours after bleeding, even more mar 

that found in normal individuals (fig 7) J was 

5 The production of antibodies against pneumococcus polysacchati cs ^ 
definitely weak and no ana-A isohemaggluumn was formed following c 
tion of an agglutinogen 

In summary, one patient (Case 8) failed to elevate her reduced plasma 
level while maintained in positive nitrogen balance by a high protein 
She showed no defect in her ability to handle injected human albumin an m 
ability to regenerate plasma protein following acute withdrawal Sm ^ 

rate of disappearance of injected 7-globulin were inconclusive No ana 
sponse was obtained to 2. specific antigens 


Discussion 

Although the presenang features of this syndrome are the marked 
males and females and ulcers of the legs in males, in no case was the 
albumin or total protein lowered to the extent that is usually requite to ^ 
edema Therefore, the pathogenesis of this part of the syndrome mu^ 
elsewhere, such as in a defect of the vascular system, since adren * 
mechanisms were found to be intact In view of the muluplc congenital 
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uons uncovered in this familj’-, one is tempted to consider a constitutional in- 
fenonty of the vascular system However, systemic humoral mechanisms affecting 
the vascular system have not been excluded The lowered oscillometnc indices in 
the arms of 3 females and the markedl} hypoplastic veins in one of them tend to 
strengthen this concept, even though muscle biopsies in a patients did not show 
morphologic vascular changes 

The existence of a clinical entity wherein such cryptogenic edema is coupled 
with subtle changes in the proportion of electrophoretic components of the blood 


Table 7 — Blood Groups and Tjpes of sh* Sahjeas Ssudted Data obtained by Dr Bhtltp 'Levtnty* 
Ortho Vjstarth Feurjdatfon^ Rarjt^n New Jersey 


Cxse Vo 

Groap 


Rht 


iTscEatUe — ^ 
' Positive + 1 

Remarkst 


D 

C 

^ E 

c 


I 

0 MN 

+ 

+ 

0 

+ 

+ 

heterozygous 

II H 

0 MN 

0 

0 

0 

+ 



n L 

II M 

0 MN 

-h 

+ 

0 

1 

+ 


heterozygous 

U N 

A MN 

1 

+ 

1 + 

+ 

+ 

homozygous 

3 

0 MN 

1 + 

+ 

0 

0 


homozygous 


0 MN 


+ 

0 

0 

+ 

homoiygous 

6 

0 MN 


1 4* 

1 0 

+ 

1 4- 

1 heterorygons 

7 

1 0 MN 

+ 

+ 

0 

0 

4- 

' homozygous 

8 

0 MN 

-f" 

+ 

0 

0 

H- 

homozygous 

S 

0 M 

+ 

+ 

0 

+ 

+ 

heterozygous 

zo 

0 M 

+ 

+ 

0 

+ 

+ 

heterozygous 

Z1 

0 N 

+ 

+ 

+ 

+ 

+ 

homozygous 

II 

0 N 


+ 

0 

0 1 

+ 

homozygous 

14 

B M 

+ 

+ 

0 

+ 

+ 


'5 

B MN 

4- 

+ 

0 ' 

+ 

+ 



The help of Dr Levine in our study is thinkfuUy acknowledged 
t Old Nomcnclatnrc Rho, Rh' Rh" Ho' New Nomcnclxturc D C, E, c C^n the Nomcnditorc 
of the Ann Rh Typing Scrunis Report of Advisory Review Board William B Castle, Maxwell 
^ Wintrobe and Laurence H Snyder Science 107 2.7-31 1948 ) 

t Homozygoas and hctcrotygous refer only to the anagcnic constirutioD of the C factor and 
statistical probability also to the D factor No abnormaJ anabodics were fonnd in the plasma 
of the wife of this patient 6 months after a stillbirth 


plasma has been established, it is to be expected that more such eases will be found 
In this event, the family history should be carefully investigated, as the familial 
occurrence of this disorder was the most striking feature of this group of patients 
The ccHcxistcncc of congemtal malformations, frequent stillbirths CmotherRh posi- 
tive), and dysprotcinemia coupled with constitutional infcrionty of the vascular 
system suggest very strongly the possibility of geneuc ctiologic mechanisms This 
assumption seems even more likely in view of the known hereditary transmission 
of hemophilia and fibrinogenopcnia, both of which appear to be mediated through 
a lack of certain components of the plasma proteins The hereditary mecha- 
nisms governing hemagglutinins, another type of plasma protein component, arc 
"ell established 
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Tlic connection between appearance of edema and puberty, as well as the fre 
quency of stillbirths without Rh immunization (table 7), suggest the possibility 
of sex hormone disturbance This may or may not have etiologic or pathogenic sig 
nificancc 

So far, the etiology of the syndrome as well as the pathogenesis of the edema re 
mam obscure We feel that all known organic causes have been ehminated 
Some information, however, has been gained on the pathogenesis of the dis- 
turbed homeostasis of plasma proteins The pictures observed electrophoreticaliy 
were (with the possible exception of Cases 7 and ii) strilang and significant In 
some cases (Cases 6 and 8), the analyses were run in a variety of bufi’ers, so as to 
exclude changes in mobility of the protein that might be due to an abnormal 
affinity for citrate iron 


Table 8 — Reuttnt L*bffr*tory Findings ObtMtned in tht Patunts vbi Hid 

Djsprotcinimui 


No 

Serum 
Calcium 
mg /lOO cCa 

Semm 

Inorg 

Phosphorus 

Serum Phos- 
pbaUses in tmlU 

Serum Cholesterol 
mg /lOO cc. 

Serum Sodium 
me<j /I 

Senna 

PoUssinQ 

mefl-A 

[ Ac 

1 Alt. 

1 Total 

1 Free 

i Eiter 

5 

10 8 

3 40 

0 46 

3 S 



-- 

145 ^ 

4 5 

7 

10 3 

4 ii- 

~ 

Z 2 , 

159 

49 

lit) 

139 9 

3 9 

8 

9 8 - 

3 13- 

— 

I 8- 

115- 

43- 


137 1- 

4 5- 


10 5 

4 3 * 


4 9 

1-34 

107 

15/ 

141. 0 

5 ’ 



Blood Sugar 
mg /lOO cc 

Hgb 

Cm /lOO cc 

RBC 10 * 

5 

95 

11 - 7 

— 

7 

50 

— 

— 

8 

63- 

IL 3- 

4 I- 


105 

15 6 

4 3 


WBC 

Poly % 

hr % 

Eq 

Ca 

00 

0 

48 

46 

3 

— 

— 

— 

— 

4100 - 

es- 

9- 

I- 

6300 

se 

z 6 

7 


ii’i 


3 


5 


In the case of the mother (Case i), the slight hypoalbummemia observed at first 
examination had disappeared on the second exammatioii, nearly a year later 
There is some question whether the lowered albumin may not have been due to 
congestion of the liver, as the patient had signs of cardiac infarction at that nfflc 
In Case 6, the marked changes that had been found in two different buffers at tbc 
first examination had disappeared on second examination The patient sail ba 
marked ankle edema but the ulcers of the legs present when the first blood had been 
drawn had healed 

Some of the plasma protein patterns were most unusual We are aware ot o ) 
z cases m adults that resemble the pattern found in Case 8 (fig 3) In one case t 1 
marked defect of the -y-globulin was on a nutritional basis, ‘1 and in a second 
liver disease was not ruled out and there was a history of chjomc alcohohsm 
addiuonal comparable patterns have been reported in children,*’ one of them a 
defimte case of idiopathic hypoprotcinenua 

The staustical sigmficancc of the changes inv-globulin in Cases 5 and 8 has 
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aiial}'2cd in comparison with a group of 13 normal individuals by Dr J W Tukcy, 
Princeton Univcrsit), and his comments follow 

The 13 normal cases have a mean 7-globulin (in Gm /loo ml ) of o 78 and a 
standard deviation of o 106 This compares ssell with Dole s®^ mean of o 74 and 
standard deviation of o 151 (for 15 cases) If we are prepared to assume that the 
distribution of amounts of 7-globulin in normal persons follows the so-called 
nomal or Gaussian law, we can set tolerance limits of the form (sample mean) 
±K (sample standard deviation) in such a way that there is a 75 per cent probabih ty 
that ggg normal cases in icoo fall between these limits Values of K are tabulated 
for different numbers of cases and different probability levels in Eisenhart, Hastay 
^d Wallis*^ at pages 101-107 For 13 cases and the probability levels chosen above 
K =4059 

It seems reasonable to suppose that, while the distribution of y-globulin may 
be somewhat skew, with a longer tail toward higher values, the distribution of 
the logarithm of 7-globulin will be symmetrical, or skewed toward low values 
Thus, if we set tolerance limits based on both 7-globulin and on the logarithm of 
7-globulin, and then use the outermost limits, we are likely to have a reasonable 
diance of being conservative The results are as follows 


Tolerance Limits for Conctntration tn Gm / too ml b^std on Uorm^l C^sts 


Assumption 

Rjinf with 75% prob* 
bn ly of covering 999 

ID JOOO 

T globulin normiHy distnbuted 

ganthm of -y globulin normally distributed 

C^nicrvatiTc recommended 

O 34 to 1 11 
o 43 to I 37 
o 34 to I 37 


It will be noticed that the single determination on Case 5 and all 5 determinations 
On Case 8 fall outside the conservative limits 
The occurrence of such extreme changes is convenient, since by the simple ad- 
ministration of normal plasma one is able greatly to increase the concentration of 
c deficient plasma component and may then follow its disappearance from the 
Circulation In Case 8 the injected 7-globulin disappeared rather rapidly and a 
mechanism seemed to exist that maintained the y-globulin at its set level far be oiv 
normal In an unpublished case of Dr E Shorr, with a sprue-liLe sjndrome, com- 
Photed by a history of an earlier disease of the lymphoid tissue, a similar curve 
isappcarancc of y-globulin was obtained (an autops) later re\ eal genera izc 
emnt follicular lymphoblastoma) The half-life of the immunologicall) ^Fchc 
'I' g obulin was considerably shorter than the half-hfe of the gljcinc a c 
T g obubn as measured by Rittcnberg and Shemin (quoted in ref no 45) 
m^ssible for us to offer an interpretation of these facts at the preset time 
idence was obtained, however, that in one patient (Case 8), a c ect exis 
fabrication of circulating antibody against pneumococcus pol)-saccharidc an 
agglutinogen A similar defect in ssmthesis, combined ss ith a homwstatic mcch- 
anism set for subnormal levels, ma> exist for other components Follo^Mng the 
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injection of albumin, its concentration returned to the subnormal pranjccnon 
level at a normal rate,* whereas in Case 7 plasma protein infusions resulted in one 
instance in a normal protein level for several weeks 

In X. cases the general condition of the patient was improved by the admimstn 
non of plasma and the edema tended to regress even though the mitial hypopro- 
teinemia had been moderate (Cases 7 and 8) In Case 5 no benefiaal effect was ob- 
served following plasma infusion 

The failure of one pauent to increase the plasma protein concentranoo while 
repleting ussue pirotein (Case 8) resembled the condinon found in hypoprotcinunic 
panents with gastnc cancer,*’ tuberculosis*’ and certain types of renal disease " 


SuMMAllT 

I A new syndrome, idiopathic familial dysproceinemia, is described in 4 adnlt 
members of one generanon, in z of their paternal uncles and in 4 members of the 
second generation The syndrome is charactenzed by hjrpoprotcmemia and/or 
abnormalities in the electrophoretic patterns of the blocid plasma (dysprotememia) 
These are accompamed in the adult by peripheral vascular changes (nlceis of the 
legs in the men, low oscillometnc indices in the women) and edema There arc 
also malformations of the thoraac cage and of the occipital hair dtscnbunon m 
some of the cases 

The idiopathic nature of the disease was ascertained in some of the panents 
by study of the nutntional history, of the renal, hepatic and adrenal fimenons, 
and of the response to a high-protein diet under controlled conditions 

3 In one case detailed studies of the mechanisms of plasma protein regnlanon 
resulted in findings that indicate a disturbance in the production of certain protein 
components The disaprpearance rate of injected albumin and the rate of replarc 
ment of acutely withdrawn plasma protein were normal 

4 The clinical and physio-pathologic significance of this syndrome and e 
possible role of genetic factors arc discussed 


Appendix Case Histories 
(<^erats9n II i) 

I Thit white woman aged 70 u the mother and grandmother reipecavcly' of some of 
patients hcrciQ desenbed There ^ 

Chief complaint swelling of aaLlcs since age of 50 acccnrnatcd in the last fire 
dyspnea, orthopnea and tachycardia Past History Bve years ago there was an incrca^ rrcsjnfc. 
with progressive fatignc dimness and headaches Her hiiniJy physiaan found an eJevat 
Physical examination BP 135/55 pnlse 50 There was a moderately enlarged liver 
edema and rales in both long fields Laboratory findings the electrocardiogram showed ngns^^ 
infarction and anncnlar fibrillanon the unnes were negaave P*^^ 

fuDcnon tests were as follows prothrombin time 81 per cent ccpbalin floccnlaaon and y™ 
negative Protem stndics have been desenbed above chTpoie 

Coarse the patient was not hospitalized and was doing well under routine care by cr 
when last heard from 

* Dr F AIbnght reports recent metabolic studies in an ^ted c«c of . diopatluc bTPOiro,a^ 
demonstrating an increased rate of combusnoa of injected albumin 
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HH UTiitci%omjn aged 65, onl/ surviving sister of preceding pticnr was examined m her home 

Her past history was n'gatisT She has 4 children who arc in excellent health 

Physical examination neganse except for a B P of 16-/100 sshich was not cansmg an> symptoms 

n L. An obese white male of 65 one of 3 sursising b/others of hnsband of Case i He v « 

It his home and ^vos rather vagac abour his past hisiorj T%s*cl\c )*cars ago he had s Jingo ca 

and later an atiacV of gout He admitted a fairi> high alcoholic intake Physical ciaminauon rcs-w 
tdangicctisis on face and thorax and pityriasis rosea on thorax The edge of the I'ra was pa P* ^ 
finger-breadths below the costal margin in the mid<lavicuJar line The floaang ri s were 
prominent 


IIM, A white male aged 7:-, brother of preceding He had alwa> s been lo good « ivifU naio 

episode of pulmonary tnbcrcuJosis in early life until 5 > cars ago when he began to s i j m rrvMl 

which became intolerable Studies at Johns Hopkins and in other oniyersity ospi s ai 



O BLDOO Ate PKl3CAL EXAf^wnON flEGATTVt 


Fio I — Genbaixkjic Tabls 

etiology except ostcoarchnos of the spine and an exploratory hack pain 

^ination revealed a wcU-dcvcIopcd and wcll-aounshcd white male bedn Prominent 

^cre wu a scar of an old lumbar laminectomy and the left wing of the Oa the nght 

the nght and was tender on palpation There were markedly prominent nceativc Complete 

there was a Dupuytren s contracture The remaining physical cxaimoaa normal hmitJ 

“Motofy studies could not be done but scram phosphxuscs xod phosphoras 


^ N A third brother of the x preceding pitients is sxid to have snffered $nidr 

*■1 his adnlt life Unfortunately it w-as not possible to reach him personally 


IV lAww 

^ father of some of the panents described and the husband of Case nfflcs had to use 

P7 following 3 cholecystectomy He had edema of the legs at an car y ^ 

*^'rhcj Repeated TOD ligations had to be done for phlebitis of the egs pot contributory 

'ombstantiatcthishistorj He had a double s-ortex pilomm His family fa ^ ^ _ nl these 

had 6 brothers and one sister and there was a history of tuberculosis 
‘Duitidoali 



STUDIES ON HTPOPROTEINEinA 


(Gfmrafmf III F/g t) 

3 A v.hitc male of 48 tail and chin with grty hair looking somewhat older than hii chronologic 
age He had had mnmps measles and chicken pox but remembered no diseases m adult life other this o 
episode of phlebitis 3)carsago with a small nicer 0/ the leg Physical examination showed markrdly 
prominent floating nbs a blood pressure of iio/6o and i pins pitting edema of both ankles. Ih. shn 
over the ankles and the lotvcr parr of the calves was thin and atrophic There was a dark brownish do- 
coloration on the external and internal aspect of the nght ankle Bod) hair was scant The remaining 
physical examination was negatnx 

4 The hiscoT) of this SN'clI-dcvclopcd stout woman sitter of preceding patient was n^ganrt. She 

has cnjo)cd remarkabi) good health except for \asomotor disturbances of hands and feet with cpisoda 








I/' 
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Fio X — Faxolt Pbotooraph 


of cold and dammincss Physical ciaminauon revealed normal blood pressure but exceeding y 0 
ciUomctnc indices (i-O in both arms There was marked prominence of the floating nbs. There was 
edema of the ankles less evident than in the photograph shown in figure ~ 

5 CMH 8409..-SkI 163} White man aged 41 brother of the preceding paaent His chief co 
swelling of the legs started an unknown number of years ago and the patient has been 
stockings ever since In large ulcers appeared on the nghr lower calf and caused 
adeep phlcbius Saphenonsvem ligation was then per f ormed The nght leg has pcrsistcn y 
more swollen than the left one , jtropby 

The past histoT) coutamed a story of swelling of both legs at the age of 8 months, folio diS 

making walking impossible unul the age of 19 months In the absence of persistent set^ae ^ 
cult to accept the diagnosis of pohomyclias then made. There were numerous episodes o 
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tons.lIcccomy.n,9.5 >Pf-d.ans 

175 Ibj He «„ 6 ft l ,n tall He ^ r fir«t deal of weight from .539 to 1946 when he weighed 

food intaLe he had Ld f^ ” ^ ^ 

taw ne had had for several months before admission 

even for He wore shoes sire 14 his feet wxre thus large 

b^owmsh discoloration iro^d 7b"'"'"n'°\T' ““P' 

<ft»nt The floating rh 0 »nl-lcs bilatcrall) There was an abdominal scar in the lower qua 

«i«tia Thevisnafar^' Fotruding and there was a double vortex piloram There was complete 

Piync) TheoDhthaImT””r'”'^j^‘ “d there was an early cataract on the nght eye (Dr B F 

yo ; Ihe ophthalmologist found the fundi and visual fields bilaterally normal 




DOtnui mb ^^trophoretic patterns obtained in veronal<itrate bnffer on plasma from a representative 
jcct and from three patients 6 corresponds to 6a and 8 to 8b in tabic 5 

(toll ^ *^dics chest i ray was negative and no anomalies were seen in latcraJ pictures of the 
®asal 

’esulti wh 1 several tests ucrc done but the paaent was resistant to ibe procedure and the 

^cmatolo*^ normal limits were inconclusive 

f per cent ^ ™OfiIobin ir.7 Gm White blood cells 3850 filamcntcd 44 per cent nonfiJamented 
^olopv 3 per cent monocytes 3 per cent lymphocytes 46 per cent 

^nanal s negative 

^^tric *1 showed no protein on repeated tests and no other abnormal findings 

tcpativc 4 j ,^*** *^ 0 'vcd no £rcc acid before or after histamine Liver function rests these s%crc all 

Cful' ”““'“=^'howninrablc3 

^*urc showed no evidence of renal damage Cscc table 4) Cardiovascular tests blood 

*°£*ofartn$a 4 temperature 58 7 Electrocardiograms ss-erc negative The oscilloraetnc read 

egs were normal The circulation times bj dccholm were -o*«onds bs ether 15 seconds 
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The venous pressure vros i6 cm of wTitcr Chcmica] studies of blood arc shown in table 7 and arc widim 
normal limits The disturbances of the plasma protcjo pattern arc shown in table 5 In this ease there was 
mild hypoprotcincmia and a marked disturbance of the globulin fractions 

Histopathologic studies serial seaions of muscle rc\'caJcd no morphological anomalies of blood vessels 
(Dr S Spit2)(6g 4) 





Fio 4 — Tfp microphotographi of liver and muscle in Case 8 Note normal appearance of all stme 
tares Betttm biopsy of muscle in Case 5 Normal blood vessels 


Course of disease the pauent remained m the hospiul for one week only He left to rcsuinc hw ww ^ 
a travelling salesman The only functional study on his protein metabolism was the ad mtn istrapoo 
75 Gm of albumin intravenously The test could not be earned out completely because of a severe 17 ^ 
genic rcacnon with chills and high temperature However about one third of the injected dose was 
present m the orculatioo after 14 hours 


6 This white man aged 38 was seen at his home- He suffered from boils on his head in infancy 

whooping cough at the age of one year At the age of 8 09 ^ 8 ) he had influenza, followed by 
poT and roseola. At the age of 15 he had a senous attack of mumps and later on episodes of 
pcndititis He was always subject to skin rashes and is scnsiavc to poison oak. A dark bro 

coloration of both ankles made Its appearance at the age of 15 At the age of ao 093 °^ ^ 
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the leg appeared and Lept him bedndden for six months Ulcers of the legs reanred in 1935 1938 1939 
1940 1543 1^44, 1^5 1^5 oikJ taLing each time from some weeks to several months to heal 

Dating a bnef period of military service there was an episode of pjoiria attnbntcd to infected teeth 

Physical examination rcs’caled brownish discoloration around both ankles hypertrophy and dcsqna 
nution of the skin m these areas prominent floating nbs and no other changes 

Laboratory studies other than electrophoresis of blood were not performed 

7 CMH 86l 68-SKI 58) This patient is a white married woman of 33 She is the sister of Gisc 8 and her 
family history has been desenb^ above She is the mother of 2, children aged 5 and 9 years (Cases 14 and 
^ 5 ) 

Chief complaint swelling of ankles of several years duration The patient had been hospitalized for 
this two years ago and was told that she had a l}mphatic condition She has had measles whoopmg 
cough and chicken pox but like her sister never mumps She has not lived with her sister for eleven 
years 

Two years before her admission to this hospital she felt that she was too fat (145 lbs ) and reduced 
on a regime of low dietary mtakc dexednne and thyroid She has continued to take ^ to i gr daily of 
rhyroid smcc then with no particnlar indication Once her weight had stabilized at 13X lbs she returned 
to a well-balanced and adequate food intake and did not regain her overweight 

There was no history of any disease during her adult life except for the swelling of her ankles which 
dates back to about the age of 16 This was complicated at one time by phlebitis following an infection 
of a toe Systemic review revealed that she had always had cold and clammy extremities recurrent 
nuld headaches and constipation Her menstrual history was normal except for menorrhagia for several 
months following her second pregnancy Both dchvcncs were at term and normal 

Physical examination completely negative except for the protrusion of the floating nbs resembling 
that found m some of the other siblings who were studied and for the marked edema of the ankles 
There was also bine discoloration and coolness of the hands and feet The osciUometnc mcajurements in 
»ms and legs were extremely low 

Laboratory studies Chest x-rays were vnthin norma] limits X-rays of the bones shovxd no anom 
*hcs There was a small calaflcd area in the mid pelvis, possibly a mesenteric node or urcThral calofica 

tlOQ 

metabolic rate —17 +1 —lo 

Hematology sec table 7 

Serology Maxxim Kahn and Kline tests negauve 

iLinaoalysis urines were negative and no albumin was found at any time 

Gastric analysis ^ting free acidity was 14 units and total aadity 34 units This rose following hista 
to 55 and 73 units respectively 

Liver function tests bilirubin ccphalin flocculation thymol turbidity tests and bromsulfalcin reten 
non all gave normal results 

Cardiovascular tests electrocardiograms were normal 

Grculation times dccholin 16 seconds ether 15 5 seconds Venous pressure racasored 17 cm water 

The osallomctnc indices have been discussed 

Chemical studies of the blood fell within normal limits The anomalies of the blood plasma prorcins 
of this patient are shown in table 5 . 

Course of disease this patient was able to remain in the hospital for only three days A most 
^blc fact was her response to the infusion of 15 Gra of human albumin Even though no diuresis occiur 
her ankles decreased markedly in size during the mght following the infusion She was given m- iter 
of human plasma before leaving the hospital and it was rather striking that the total prOTan eve re 
oi^incd above 7 Gm per 100 ml for nearly one month In spite of this however the an c ema re 
^^^cd to Its previous extent about x weeks afrer discharge 

8 (KLH 83651-SKI 1x0) This patient was a white girl of 31 a personnel manaccr ^h o was bo^ 
*nd lived most of her life in the Sooth She came to work in New ^ork Citv several yc^ r ^ 

®>«ion to Memorial Hospital Since the age of about x6 she has suffered from swrllinc i c an -s a 

^^8s and from occasional faaal edema 
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FamiJj' hisrory as dcjcrjbcd abo\c 

Past history the patient had the u^al childhood diseases except mumps She had reputed colds, J 
four episodes of pneumonia as a bab) and underwent tonsillectomy at the age of 13 which failed to 
decrease the hrequenej of colds and sore throats There 11 a history of shouMcf pama mffered ai 1 mull 
child and the patient still occasional!) experiences doll pains in her shoulder gndlc. 

The systemic rc\ icw roxals that she suffers from occasional headaches especially whentrer she hai 
one of her fi^ucdt colds For a short penod in 1944 she had daily elevation of tcmpcriturc, but 00 Icaioos 
were seen on x ray of the chest and the tempcranire became normaJ She was often rather ured and hex 
ssvollen ankles were at times attributed to a cardiovascular disorder for which no cA)ccuvt cndmcc 
was ever obtained She has had gingivitis and occasional gastroiotestmal upsen In the pa« two years, 
she has had nocturia occasionally once a night and there was usually some urgency focormaaoo That 



Fro 5 — 'Escimarcd Pfotao Dittnbuuoo Case S Cross hatched areas show daily nitrogen ^ 

cumulative nitrogen retention in last colomo presumably retained fee proroplasni Jiinu * 

at xB Gm shows normal amount of plasma proton nitrogen (Seven Gm proton per 100 
I izGm nitrogen This value tunes normal plasma volume of 1500 ml * aS Gm ^htu co 
amount* of orculaang protein nitrogen found in patient 


was no history or evidence of venereal mfecuon She started to menstruate at the age 1} ^ 

day regular cycle, periods lasting 5 days and slight abdominal pains preceding mcn$^“on ^ 

casional mastodytua at the same tune There was no history of disturbed endocnoe rdccom 

allergic to various foods which caused urticaria to appear she showed fairly severe uro . ^ 

following the admimstracion of plasma There was no history of severe gastroifltcsfiD" or cp* 

Physical cianunaticm revealed a wcU-nounshed white gul of 31 of asthenic htbitus 
105/76 pulse 55 temperature 95 F The sUn was moist and warm In places espea y 
and lower extremities there was some bluish discoJoration (vasodiiaranon) There ^ 

of the face and scalp The hair was soft and brown The finger and toc-naiU were cx ^ 

soft and detached from the nailbcd at their tips to a more marked degree than is usually 
nails showed longitudinal ndges ^ which 

The bones appeared to be of normal nze and configuration except for the floating n 
traded more than is usually the ease from the thorax The joints were free from swclhugs or 
and Qo visibilt deformities wrre present 
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There v.ii no enlargement of hmph nodes The cars nose and throat were normal, the tonsils ucrc 
absent No anomalies ^vcrc found in the csxs or cttraocular muscles The tongue shoned slightly atrophic 
papillaeand there uas some loosening of the gums from thc-tccch which were in good repair The trachea 
■tvas in the raidlinc The thorax was 5)mmcrrical and clear to percussion and auscultation the floating 
ribs protruded uadiil) The breasts were small but firm and glandular tissue was distinctiv palpable 
The cardios ascular s) stem w as normal on phj steal examination except for the peripheral veins which 
were cxtrcmcl) small hardl) \isible c\cn in infra red photographs or palpable in the antccubital fossae 
even though there was no excess of subcutaneous fat Th-re xsas also striking blue discoloration of hands 


GM ALBUfllN 
ABSOLUTE 
INCREASE 


+ 



Fio 6 — Albumik Addition Test in Case 8 



« ASSUMING CONSTANT P V 
Fio 7 — Protein Subtraction Test 

*^dfcct The oscillomctriccxaminauonsofarms and legs showed marltcdly reduced osa was 

^ eh wii to be expected in the edematous legs but which was also marked m c 
pit^^ edema of both ankles and calves up to the knee Inanon and no mas*^ 

c abdomen was soft and slightlj protruding there was no tenderness on pa ^j^us in the 

cit The gynecological examination revealed a normal wl\a and ^ (,jjnwasncga 

me rctroicrsed and flexed but freely mobile and normal annexae The recta 

neurological examination was completely negatne locludint: the 'kuU 

. studies chest X rays Ts ere repeatedly ncgatiTT Studies o a casrrointcsttral 

normal structure and bone age and specifically no signs of dccalci can j^Tal 

'fri'c'hT^* The only positnT x ray finding was a congenital lumbxrirati 
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Basal metabolic rate +7 on two occasions 

Hematology fromNo\cmbcr 1946 to November, 1^7 10 blood counts were done. The hcnio|lobai 
varied from 11 Gm to 15 6 Gm the red blood cells were 4 i and 4 3 nulhons (they were not coonted in 
all blood examinations) The white count varied from 4 750 to 6 900 filamented polynuclear ccUj from 
59 per cent to 81 per cent non filamented forms from i per cent to 15 percent cosinophflcs from 1 pc 
cent to 7 per cent monocytes from i per cent to 5 per cent and lymphoqrtcs from 9 to i6 per cent. 
Hematocrits varied between 38 and4t Metam>eloc)'tes were seen on a few occasions Scdimcnunocrara 
were repeatedly normal Blood group and ty^pc arc shown in table 7 

Serology Marzini KJinc and Kahn tests were repeatedly negative HctcrophiJc and Aborruj Binj 
agglutination tests were negative 

Unnanaljsis unnes were acid except on one occasion No albumin was ever found either by the rootmc 
nitric acid test or \vith other prccipitanti such as sulfosalicylic acid tnchloroaccuc acid bcatcoajnli 
tion etc The centrifuged sediment contained occasional IcoLocytcs and rare epithelial cells ncrctuy 
red cells 

Stool examination the appearance of the stools was normal They were well formed, negaure 
fat blood and undigested muscle fiters No parasites \vcrc found The daily fecal nitrogen cjcrcnoniKTC 

exceeded 10 per cent of the inuLc The fecal fat excretion was below 5 per cent of the intake 

Gastric analysis this showed no free acid in a fasting sample and 18 units of total acidity ^ 

mine there were 34 units of free and 40 units of total acidity On another occasion there were 
total and 48 of free acidity follownog histamine and pepsin was repeatedly found to be present by ges" 

tion test Qomd 

Liver function tests these arc shown in ublc 3 An intravenous glucose tolerance ^ ^ , 

Renal function tests shown m table 4 Measorements of renal blood flow glomcnilir 
tubular re absorpuon were within normal limits Cardiovascular tests electrocardiograms were ^ 
CircuIauoD time by dccholm was ii t seconds by ether jo J seconds The venous pressure was 10 on. 

water The osciUoractric studies have been discussed KMuxof 

Tests of adrenal function a Robinson Power and Kepler • procedure clearly indicated c l_ 
Addison s disease The same result was obtamed by the Cutler Power Wilder* test, as Dormd 
described by Rcforao-Mcmbnvcs, Power and Kepler ^ Chemical studies of blood were wi 
limits . 

Histopathologic studies a liver biopsy was performed in local anesthesia through an 0 biopsy 
cision (Dr G C Child UI) and slides showed normal hepatic ussne 0 ^ ® Spiti) ^ 

(rectus abdominis) taken at the same time and examined in serial sections showed no m 
lar anomalies Icrde 

Repeated vaginal smears (Dr A^ Carter) showed changes as seen in normal ovulatory m^^ ^ 

The anomalies found in the blood plasma protein patterns arc shown above (table 5^ t,.^-rt)Dh(ycni 
tcin was consistently low (Kjcldahl dctermtoauoos) and the y-globulm as measured by 
was the lowest value seen for that protein in this laboratory . rtidrao<l 

Course of disease since November 1946 this pauent has had 5 hospitalitaaons wnc 
one for severe hepatitis probably homologous scrum jaundice due to large amounts p ^ 

In the interim between admissions she worked as secretary at the hospital and had her m 
research diet kitchen Her plasma protein remained low throughout the penod of observa^c^ ^ 

6 Gm per 100 ml only once following the administration of large amounts of plasma cooJdbc 

periods during which she had mild temperature elevations m the afternoon for which im ca ^ 

found and which in once instance promptly receded following the admmistraaou 0 ^ 

pcmcillm every four hours for three days The second episode subsided spontaneously mnicd by 

some swelling and reddening over the second joint of the third finger of the nght hand a ^ 
itching and interpreted by some observers as possibly a rheumatic manifestation by 
phenomenon The latter hypothesis seemed more likely as there was no clcvaucm ot tn ^ 

rate and as the lesion disappeared rapidly under pynbenramme therapy In the absence o 
ciplauauon suggested by some of these fcbnic and allergic episodes as manifcsutions o ^ 
lupus erythematosus s ee med unlikely The patient s course was otherwise uneventful Jqtt 

shown in table 2^ that in spite of high protein intake her plasma protein concentration ^ oojonc 
On May 2^ 1947 the paaent left for the South on a low salt high protein diet She return 
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13 1947, with marked jaundice, anasarca and prostration Laver functions were disturbed and her plasma 
protein level was at its lowest point (3 6 Gm per 100 ml ) There were ascites and bilateral hydrothorax 
Concentrated human plasma and albumin were gi%en and a marked diuresis resulted There was a dramatic 
increase of plasma \olumc and a fall of the extracellular fluid space as measured by thiocyanate This 
change was so pronounced that pulmonary edema resulted and had to be treated actively (tourniquets 
on extremities, morphine) Following the re-establishment of her usual protein le\cl of 5 Gm per 100 
ml the patient improsed rapidly while on a high protein diet and could be discharged on July xy 1947 
In October 1947 all liver funenon tests measured gas c normal results 

(Gfnerattffrt IV F/g /) 

9 (MH 89947-SkI 390) This white bov aged 19 is the son of Case 3 He is a well-developed healthy 
individual at prsent a member of a military academy where he has to undergo a rigid biannual physical 
cxanunauon He has had chicken pox mumps whooping cough and measles At the age of 7 he under 
went a tonsillectomy He had an injury to his right leg at the age of 11, which healed slowly Other 
mmor abrasions sustained in the course of sports healed at a normal rate 

Physical examination was negative except for the existence of a double \ortex on the occiput 

Liver function rests were negative (thymol corbidity o 15 ml bromsulfalein 1 per cent biJinibin 
031 mg [0x9 indirect o xx direct o ii delayed direct] hippuric aad excretion i 49 Gm ccphalin 
flocculation negative) 

A P S P cxcrcuon test was within normal limits 

to A white boy aged 16, just entering puberty brother of preceding patient He had mumps and 
chicken pox but not measles 101939 he suffered an attack of mtcstmtl mfluenxa Physical examination 
was negative except for prominent floating ribs 

II This 13 year old boy had had measles and ascariasis, and has frequent colds There was mild acoc 
vulgaris Physical ciaminatiOQ was negative 

IX. A wclI-dcvclopcd white girl of 17 sister of the preceding patient She had had chicken pox and 
measles but not mumps There were no senous illnesses Physical cxarmniuon showred marked prominence 
of the floating nbi Blood pressure was 12-3/75 and the oscillometnc index in the arms was above 5 

13 This patient could not be reached 

14 This boy, aged 4, is the brother of Case 15 and the son of Case 7 He had a history of repeated 
colds and refractory jofecuons of the toes At the time of this examination he was apparently in good 
health He had a double vortex pilorum and prominent floating nbs Blood was taken for electrophoretic 
^lysis The blood group and type arc sho^vll in table 7 

13 This girl of 7 IS the daughter of Case 7 She had none of the usual childhood diseases excepting 
repeated colds Apparently she has always been in cxcellcDthcaJtb Physical cxanunatiofl revealed a well 
developed child, with prominent floating nbs and a double vortex pdomm Blood wtu uken for electro 
phorctic analysis The blood group and type arc shown m table 7 
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PERIODIC (CYCLIC) NEUTROPENIA, AN ENTITY 
A Collection op Sixteen Cases 

By Hobart A Reimann, M D and C Thomas deBerardinis, M D 

A TTENTION was called elsewhere’ to several peculiar disorders which recur 
■Lx. it remarkably regular intervals over many years without otherwise affecting 
the general health It is uncertain if these different conditions, including cyclic 
ncntropcnia, are unrelated medical curiosities or, more likely, if they have a com- 
mon cause and can be grouped together as periodic disease Since the paper was 
published, a number of other reports of almost identical cases of cyclic neutro- 
pema have been gathered from widely scattered sources, i6 in all They are listed 
in approximate order of publication in table i A bnef rfrum£ of these cases and 
a detailed report of the study of a patient mentioned in the previous paper are 
presented here 

A case reported in 1510 by Leale* was the subject of two later studies by others 
At the age of 3J months a male infant had attacks of recurrent furunculosis and 
aphthous lesions in the mouth with fever as high as 40 C (104 F) every few 
Weeks Leukopenia with i per cent polymorphonuclear neutrophilc cells was 
found on several occasions Malaria was suspected The case was regarded as re- 
current agranulocytosis by Rutledge and his associates’ in 193® when the patient 
Was 15 The attacks came at three week intervals with stomatitis, swelling of the 
cervical lymph ncxles, malaise and fever During the episodes the leukocytes 
numbered from x,ooo to 4,000 cells with from o to 16 per cent neutrophiles and the 
thrombocytes were diminished m number The eosinophiles were always increased 
abnormally especially in an episode The pcnodiaty of some endocnnologic dis- 
turbance was suggested to account for the condition 

Further studies were reported by Thompson’ in i934> who tned to establish a 
relationship of the disorder to the neutropenia known to occur occasionally with 
the menstrual cycle The patient by then had developed diabetes insipidus Meas- 
urements of the excretion of gonadotrophic hormone and female sex hormone in 
the urine showed a fluctuation in rhythm with the neutropenic cycles It was sug 
gested that the patient, although a man, had a cyclic hormonal disturbance similar 
to the menstrual cycle Communicauon with him in 1945 when he was 34 jeais 
old. shortly before death from pneumonia, revealed that the neutropenic cjdc 
Persisted at twenty-one day intervals but the constitutional sjmptoms had dis- 
appeared 

Sutton s’ patient, described in 1911, at the age of 16, had had oral ulcen m 
fever recurrent every three weeks since the age of 3 months A single normal Iwk^ 
'I-te count was recorded dunng a free period The case was again reported b) 
Hoxie' two jears later when the episodes recurred cverj fourteen to nsenn da>s 
At that ume, pain and swelling of his left knee and occasional!) of the hands ck- 

From the jeffenon Medical College and Hospital Philadelphia Penna 
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currcd during some of the episodes, at four to eight week intervals At one oca 
Sion, 35 cc of clear fluid was aspirated from the knee All of his teeth viete 
removed as possible foci of infection with no effect on the episodes No other 
leukoc} te counts were recorded 


Table i — Puhltshtd Casts ef Cjthc NtMfreptnta 
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Author 
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Arc at 
Onset 

last 

Ex 

ami 



Other Remarks 




tion 




I Lcalc Rutledge 
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Psychic disturbance, connopluiix at 

Thompson 

M 

3^ mo 

34 

ZI 1 

+ 







times 

2- SuttoD Hoxie 

M 

3 

18 

I4-ZI 

+ 

Swelling of left knee «t umes cinj 






4-8 weeks 

3 Doan 

F 

I 

3S 

ZI 

0 

Leukopenia less after spiccccroinj’ 

4 Embleton 

F 
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43 

I7-ZO 
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Senes of episodes m 1919 19^^ ' 9 !^ 

5 Plum 1 

M' 

L 

IZ 

ZI ' 
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6 Imersluod 

M 

t 1 

16 

I9-Z3 
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Father had IcnLopema of 3 000 all 

7 Vahlquisi 

F 

z mo 

4 

zi-zz 








but no other symptoms 

8 Rezmkoff 

M 

I 

18 

ZI 

+ 

Abdominal pain Concomitant cptfic 






diminunon of 17 keiosterails. 
After splenectomy lenkopemi not 
SO stnlang symptoms pcrsiif 


5 Barhng 

F 

IZ 

1 

3’- 

zi-z8 


Eosinophiha i-io%- 
unued during pregnancy 
Eosinophiha arthrilgu CiM 

Fclty 5 Syndrome. No benefit ificr 

la Loffler 

M 

M 

3° 

ZI 

+ 







Splenectomy 
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ZI 

zo-zS 
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Arthralgia 
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13 Rolland ^ 

F 

6 mo 
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ZI 

+ 

Excretes abnormally large unonntsol 
gonadotrophins 

Splenectomy relieved 

14 Fullerton 

M 

6z 

63 
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cychc neotropcnia occurs to « 
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15 Erf 
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F 

51 - 

56 

Zl 
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Arthralgia splencLiOi^ 

Fclty s Syndrome Oral » 
ceased after splenectomy Stdl ha 






1 

cyclic low grade IcuLopenii 

1 

16 Oamto 

M 

18 

13 

I4--ZI 

+ 

No bmefit after splenectomy 


Doan s^ patient, a woman of i8, had had neutrofienia, dermal an 
every eighteen to twenty-one days since the age of i The patient an ^ 

had hemolytic icterus During the cpistxles there was absolute ^^5 

total leukocyte count of x,ooo to 3,000, of which 50 per cent 
After splenectomy the leukocytes did not fall below 5,000 per cubic ml ^ 

the number of granulocytes continued to fluctuate in the usual rhy 


lesser 1 





HOBART A REIMANN AND C THOMAS deBERARDINIS 


IIII 


Emblcton s® patient, a women of 43, had ulcers in her mouth, malaise and fever 
of 38 9 C Qioi F) ever) seventeen to twenty days for scscral months in 1919. in 
1916 and when reported in 1936 In the intervals between the episodes she felt well 
and studies of her blood showed no abnormality During the episodes, the leuko- 
cyte count fell to 3,000 per cu mm and the ncutrophile cells disappeared The 
erythrocytes showed vacuolization, poikiloc) tosis and many were microcytes, and 
the platelets “became exceedingly numerous To account for the cycles, the 
author raised the question of a response to the life cycle of some parasite 
Plum s' patient, a > outh of ix, had had recurrences of neutropenia at three week 


intervals since the age of x 

A patient, aged 16, studied by Imerslund'® had had recurrences of severing, 
malaise, anorexia, fever of 41 C (105 F), and swollen cervical lymph nod« ev^ 
three weeks since the age of 14 months During observation, the ^ ° 
cytes did not fall greatly during the episodes, but the ncutrophile ce s iimais 
to 1 to 6 per cent The sternal marrow during an episode showed a shift to c 

left, hyperplastic reticulum, an arrest of the development of ncutrop e cc s a 

the myelocyte-promyelocyte stage, and an increased number o monocytes 
patiblc with the picture seen in malignant neutropenia Injection o epincp 
hydrochloride during the neutropenic penod caused the lymp ocytes to ’ 

not the ncutrophiles While an cndocrinologic basis was suspected as 
cause of the cyclicity of the attacks, there was no chnica evi ence o cn 
dysfuncuon and a normal amount of follicuhn was excrct 
In Vahlquist s- patient, a girl of 4. episodes of cutaneous ^ 

cervical lymphadenopathy began at the age of mont s r 
tinned The recurrences appeared at fifteen to forty-five ay eye , 
rhythm was twenty-one to twenty-three days ^ count often 

Monocytosis compensated for extreme neutropenia Th rtarlc sueecsted 

«1 .0 .,=0 .. ■n.c bo., .bSVr 

mycloblastic leukemia rather than agranulocytosis rhirhmicitv was 

numbered 3100 and 4600 on two occasions, but no leukopenic rhjthmicity was 

'rSfft.. . ,c..h of .8, b.d b.j 1^.06. 

.„d abdom,..! p Th, ,p„od« o,c»,d 

md l„„d day,, of »h.ch fo« ■»„, “““> ‘P'" ^ jh, 

and Miliary lymph nodes and the sple«i bccimc s^ , coo and a ooo cells po- 
le.kocy..s:n„™.l dnr.ne she free mrervals. dropH » a.racU 

CU mm and the ncutrophile cells to 1 to 15 per ^ ^^hIch 

.he lenkocyre conn, of .he oarroo- oarred benceen . 9 .~ .b. 

■ 3 ,ico to yy.soo were neu.tophife ceffs or , ,b„e month period 

countfcll to 1,800 with onl) 340 neutrophilic elemen emsoJes 

the ly-kctostcroid excretion shossed a ''disturbance uere unrcscal- 

Othcr studies including those to determine fi Irukots tc count 

■ng After splenectomj the onlj changes noted ts ere that the 

did not tall so far as before and the abdominal pains svcrc ^ 

The case briefij reported b> Barling” occurred m a uoman of u h 
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age of iz had had ulcers w the mouth at intervals of three to four weeks The 
ulcers were worse during pregnancy in 1544 Examinauon of the blood dunng the 
free periods showed no abnormalities except for a persistent slightly low percentage 
of neutrophile cells During the episodes the total count fell to 1300 at times and 
the percentage of neutrophilic cells to 15 

The patient studied by Loffler and Maier” was regarded as having Felly s 
syndrome with cyclic agranulocytosis because of anemia, arthralgia, lymph node 
swelling and granulocytopenia He was 30 ) ears old After an attack of pneumonia 
SIX years before in 1941, leukopenia and monocytosis had been detected The 
spleen and lymph nodes enlarged slightly and stomatitis was noted He wassscll, 
however, unnl seven months later when polyarthntis lasting three da3rs occurred 
The leukocytes numbered 4,600 with i 5 per cent neutrophile cells In the next 
fourteen months there occurred periodic attacks of polyarthritis with fever at 
regular twenty-one day intervals The neutrophiles began to dimmish to almost 
complete agranulocytosis five days before fever appeared At the time, the cells 
of the marrow showed a predominant promyelocytic picture Splenectomy brought 
no benefit Examinauon of the spleen showed chronic inflammatory hyperplasia 
with cosinophilia 

During the course of observauon, aoruc insufficiency, presumably from endo- 
carditis, developed m 1943 and shortly after, an attack of pneumoma and empyema. 
His tonsils and all of his teeth were removed as presumed foa of infection, with no 
beneficial effect 

Dr Howard Alt, of Chicago, kindl) supplied the following data of his pauent 
A youth of 18 had had attacks of gingivms and oral ulcers since the age of d He 
was studied over a five months period in 1941-41 during which six episodes wi 
almost complete neutropenia were observed They came at intervals of 
to twenty-two days The monocytes increased to 30 to 36 per cent during the pen 
and the total leukocyte count was 4,000 In the free penods the neutrophiles com 
prised from 30 to 50 per cent of the leukocytes 

Dr C F RoUand, of Edinburgh, informed us of his pauent, a girl aged 7}, w 0 
has had febnle attacks with oral ulcers at intervals of about twenty-one days since 
6 months of age There was neutropenia at all umes which became absolute armg 
the episodes when monocytosis occurred An endocnnologic basis of the s 
was suspected and measurements showed the cxcrcuon of larger amounts 0 gon 


trophic hormones than normal . 

A woman of 56, studied by Erf,'* had weakness, faugue, fever and or ^ 
at three week intervals for over two years Her menopause occurred at the *8^ 

, , , , . were ulcers 


50 She was studied at this hospital jireparatory to splenectomy There w« 

on the mucosa of the tongue and checks, and the spleen was palpable 
present for two days The leukocytes numbered between i,cxx5 and z,ooo wi 
4 per cent polymorphonuclear cells After splenectomy the symptoms 
but the leukocytes (counted elsewhere) at times numbered less than 5,000 


to 2.5 per cent neutrophile cells j 

According to Fullerton and Duguid,'* the disorder began in their ma j 
at the age of 6z and recurred at intervals of twenty-three to twcnty-cig 
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The episodes were characterized b> sore throat, conjunctivitis, ischiorectal in- 
fection and oral ulcers Between attacks the ncutrophiles rarely reached the normal 
number The fall in the number of ncutrophiles in an episode preceded the rise of 
temperature and they usually disappeared for four or five days Studies of the 
marrow, as in our patient, indicated a periodic failure of the production of ncutro- 
philc cells as the cause of their disappearance No fluctuation in the excretion of 
17 kctosteroids was demonstrable Sulfonamide compiounds, penicillin, antihist- 
amimc drugs and p)ridoxinc had no effect on the condition After splenectomy, 
distressing symptoms no longer occurred, but as in Doan s and Reznikoff s patients, 
cycles of neutropenia recurred in lesser degree of seventy 
Owren s patient,” a man of zj, had had episodes every two to three weeks 
since the age of 18, often with complete agranulocytosis They lasted a week. 



Fio 1 — Cyclic nratropoui oral ulcers headache and malaise lasting eight to ten days and recurring 
cTciy tsTcnty three to twenty-sia days The diminution of the neutrophile cells firecedes the clinical 
*ytnptoms represented by the shaded bars to indicate their gradual increase and decrease in intensity 


were accompanied by fever, oral ulceration, and at times by conjunctivitis, ulcera- 
tion of the skin of the face, perineum and extremities Studies of the marrow 
showed disappearance of the mature granulocytes during an episode and their 
rapid reappearance before the neutrophilcs returned to the peripheral blood Be- 
tween the attacks, the granulocytes in the blood seldom exceeded looo per cubic 
ttullimetcr Tonsillectomy and splenectomy had no effect on the condition and 
the patient died later from pneumonia 


Case Report 

L. F 

* man igcd had been srudicd at a hospital \/hen 5 years of age for painful sv/of/en joints 
j cnlarg^ cervical I)*rnph nodes and sores jn his mouth A diagnosis of rheumatic fever 
^ disorder recurred a year later and after that tv/o or three times a year He was well other 


ton^Il^ *^^hcagcofi8 he entered the Army In 1945 he \ as treated at a military hospital for acute 
*tta^*^* laboratory studies were made In June 1945 the characccrisfic three weet cyclic 

*rthrai* headache neutropenia malaise sore throat swelling of the cervical lymph n^cs 

gia and ora! ulcers began Therapy with sulfadiazine and penicillin had no cfTect on the condition 
discharged from the Armj and entered the Jefferson Hospital for study as a patient of Dr 
^QCtiu Dtccmbcr 1945 He was obsersed for nine months A portion of a chart shov ing the 

tion of the number of neutrophile cells id relation to the oral ulcers is shown jn figure j The 
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cpitodcs recurred m twenty to nvcnty-tix day cycles An episode began tsith a gradual ditmuaiioQ la 
the number of ncutrophile cells for three to four days when they occasionally disappeared from the blood 
During this penod the signs and symptoms began at times accompanied with ferer of 37 4 C (loo F), 
He usually remained ambulatory but in some attacks had to go to bed Physical eximinitioa rcTcalcd a 
healthy looking well-developed man with a small nicer in his tongue a reddened pharynx and slightly 
swollen anterior cervical lymph nodes The edge of the tongue was scalloped with scars from prcnooi 
ulcers The temperature was normal and the liver and spleen were not palpable 

The erythrocytes numbered 4 100 000 the hemoglobin 14 Gm There were 3 700 leukocytes of which 
15 per cent were ncutrophilcs 39 per cent lymphocytes 43 per cent raono9T:cs and 3 per cent cosinophilc 
cells The sedimentation rate was ai mm in 60 minutes the hematocrit 41 per cent the blctdiog noc 
30 seconds The erythrocytes were normally fragile to hypotonic salt solutions The venous clotting umc 
and c/oc retraction were normal The serologic tests for syphilis gave oegauve results The Van da 
Bergh test gave a negative direct reaction and the indirect reading was o 8 mg A leukocyte count nude 
between a episodes shotved 3 000 cells of which aa per cent were ncutrophilcs There was a constinc 
compensatory increase in the number of monocytes The other cellular elements remained fairl) unchanged 
m number 

Repeated studies of the sternal marrow showed granulocyuc hypoplasia during the episodes Bctwcoi 
times these elements were normal Changes m the marrow always preceded those m the blood All of 
the ocher usual laboratory studies and foentgenograms gave negative results "SUny measurements oftht 
basal metabolic rate gave normal results during and between episodes No cyclic changes were noted in 
measurements of the CCX combining power of the blood o\’cr a period of thirty days The cscrctioa of 
urinaxy gorudotrophms estrogens and 17 kciostcroids were measured thirteen umes without evidence 
of synchronous fluctuation with the cycles of neutropenia On all occasions the amounts were widun 
normal limits 

A number of speaaJ tests were performed during the episodes and in the free periods In an 
penod 13 mg ofadrenocoracocfophichormonc wasia;«fcd mrraniascularly and the leukocytes ccwQC» 
at hourly intervals A normal response occurred The number of 1 cuLo<7Tcs remamed constant but the 
percentage of ncutrophile cells rose from 39 to 80 by the fourth hour the highest ever noted in thispw 
with a corresponding diminution of monocytes The total Dumber of eosmophiles fell from 166 to 53 p® 

cu mm The test was repeated during an episode of ncucropcDia The cosmophUc cells again were dimm 

ishcd by 50 per cent but the lcukoc> tc count fell from 4 000 to a coo with a further decrease m the ncutro- 
phtic cells and an inacasc in lymphocytes and monocytes 

Dunng another interim period the intravenous m)ccuon of o i unit per lalogram of crystallm insu 
caused a slight increase m the number of leukocytes but with no increase in the number of ncurropn 
cells 

During two periods of neutropenia i cc of i 1000 soluuon of cpincphnnc hydrochloride was 
subcutaneously Leukocyte counts made at five minute intervals thereafter revealed no changes m 
number of component cells on either occasion Either too few cells were available for release into 
blood or they failed to be released 

Brewers yeast in amounts of Z5 tablets daily together with the intramuscular in)cction tj 
of liver extract three times a week had no effect on the cycles Fohe acid in doses of 100 mg ora y 
or xo mg given intramuscularly yellow bone marrow in amounts of i cc intramusculirly 
day and pyridoxinc m doses of zoo mg maavcoously daily given successively over adequate pen 
had no effect on the episodes Testosterone propionate 30 mg mtramuscularly twice a week gi"^ 
a period of three weeks was likewise ineffectual 

Discussion 

Two striking features stand out in the 16 eases observed One is the 
of all eases suffiaent to warrant establishment of the disorder as an entity, 
other IS the remarkably uniform three week regularity of the cycles In 9 
tbc disorder began in infancy and in 2 . at ages 5 and 1 % Two began, or 
dent, at ages 56 and 6z In most instances the recurrences when once csta 1 » 
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persisted, but in one,® the episodes recurred in three distinct periods Oral ulcers 
suspected as the cause b) some, probablj represent onlj the secondary effects of 
other disturbances as in the better known forms of neutropenia or agranuloc)T:osis 
Fever noted in most patients maj be caused by the mild infection incident to the 
ulcers, as suggested also bj cerv'ical IjTnphadenopath) It is noteworthy, however, 
that in onl) t patients,” were severe infections recorded, in contrast with their 
frcqucnc) in other forms of severe neutropenia Either the cyclic neutropenic stage 
does not last long enough to allow serious infection to occur or neutrophile cells 
are not the most important factor in the defense against infection Arthralgia is 
recorded in 4 cases, prominent enough in x” to suggest a diagnosis of Felt) s 
S)Tidrome Two patients' ” died from pneumoma 

Ten of the 16 patients were males The frequency with which the disorder begins 
in infancy suggests a congemtal aspect In one instance" a genetic influence is sug- 
gested by the discovery of leukopenia without other signs or symptoms in the 
pauent s father 

It is highly probable that the disorder is not so rare as it seems to be from the 
few cases thus far reported They may represent only the severest instances of an 
nnrecogmzed cyclic condition which could be discovered only if the leukocytes 
were counted frequently in many persons over long periods, particularly in the 
relatives of patients with the disorder That other cases, unrecognized as such, 
exist IS suggested in queries addressed to the editor of a medical |oumal ” In one 
instance, a man aged 11 had recurrent oral ulcers lasting seven to ten days at in- 
tervals of two weeks to three months for three years In another, a woman, aged 
17) Iiad recurrent episodes of sore throat at intervals of two to four times a month 
for many years A relation of cychc neutropenia to other penodic disorders such 
^ periodic fever, benign paroxysmal peritomtis and intermittent arthralgia as 
suggested elsewhere' is likely The len^ of the cy cles is about the same in each, 
and certain chnical features such as leukopenia, fever, arthralgia and abdominal 
pain are present at times in all four conditions Dcmmer s*^ case of a man aged 61, 
who had recurrences of purpura and thrombopcnia at twenty-eight day intervals 
for SIX years, may also fall into the group 

The cause of the disorder and why the cycles are of three weeks uration in 
^ach case are obscure To some observers, the rhy thmicity suggests a hormona 
influence, yet there is no relationship of the episodes to the menstrual cycle, they 
iK^cur in both sexes, they may commence in infancy or after the menopause, an 
except for diabetes insipidus in Thompson s patient, no other en ocrino ogic 
disturbance is evident in any of the 16 cases Synchronous cyclic fluctuation of 

measurable hormones, even if demonstrable, may be the result of the isor " 

=* cause Hormonal therapy failed to influence the cy cles in our patient and in those 
of others The attacks persisted during prcgnanci in one instance ’ 

The cycles are not likely to be connected with a normal periodic renews al O' 
formation of neutrophile cells since the change in all cases is t at o iniinution 
■n number The neutropenia probably results from a decrease in the rate of fornia 
t'on as suggested by changes in the bone marrow preceding those in the bloo 
Eosinophiha, noted in 3' ” may represent a compensatori increase o! the - 
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cells or some allergic reaction Asthma, however, is recorded in only one instancc^^ 
and annhistaminic drugs had no effect on the cycles It is most unhkcly that an) 
infecuon would cause changes to occur so regularly and uniformly over penods of 
years 

Of the various forms of therapy thus far applied, only one caused a significant 
change In 4 eases, ^ splenectomy induced an amelioration of the symptoms 

or a less striking diminuuon of the ncutrophiles, or both, but in two eases** ” no 
benefit followed In Thompson s case,^ symptoms disappeared spontaneously but 
the neutropenic cycles persisted 


Summary 

Sixteen eases of an enuty, periodic neutropenia, have been collected The) arc 
characterized by remarkable clinical unifonmty and regular recurrences of neutro- 
penia at three week intervals The entity may be a variant of a larger group of 
periodic condinons The cause is unknown 
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LR^ EXTRACT REFRACTORY MEGALOBLASTIC ANEMIA 

John F Mueller, M D , V R Hawkins, R N , AND Richard W Vilter, M D 


U ECENTLY wc have had the opportunirj to stud} a patient with a macrocjnc 
-LV anemia and megaloblastic bone marrow, who was refractory to parenteral 
therapy with vitamin Bn and refined liver extract, but who responded to folic acid 
This t}’pc of macroc} tic anemia is rare, particular]} in this country Observanons 
made in this case support the concept of a chemical interrelationship between liver 
extract, vitamin Bj. and folic acid and contribute evidence favoring the existence 
of another factor necessary for normal er} throcyte maturation 


Case Report 


L- R- a 52. year old former railroad yard worker was referred to oar oat pa u eat department on 5-17^48 
^ a private physician for the treatment of pemicions anemia nth wtamin Bu The patient gave a history 
of ahont SIX months deration of progressive weakness shortness of breath on exertion several attacks of 
Md sore tofl^c The latter prevented the pjiticot from catiDg most solid foods Increasing drow5 
failing vision and increased scnsinvit) to cold were other subjective complaints There was no 
Imtory of diarrhea at zay tunc His diet prior to this illness had probably been adequate but he admitted 
i rather heavy intake of alcohol over a period of jcars His family had noted a definite change in his 
persotuhty manifested by extreme imcability and ill humor 

Pfiysical eraminaaon revealed a thm pale white man who appeared chronically ill He cooperated 
^cll Hts sclcrac were not icteric but his tongue was atrophic and reddened along the lateral margins 
chest, heart and abdomen were normal All the deep tendon reflexes were extremely hypcracti’*c 
but there was no clonus nor pathologic reflexes The Romberg test was normal Percepaon of wbration 
reduced in the lower extremities more o\cr the nghc ankle than the left Position sense was intact 
in the toes There were no other sensory abnormalities 

Laboratory examination revealed erythrocyte count i 6io coo per cu mm hemoglobin 6 S Gm 
per cent hematocrit lo per cent reticulocytes i 9 per cent M C V 113 cu microns \I C H 4- micro- 

®*crograiiis MCHC 34 per cent white blood cell count 3550 per cu with a normal differential 

^ant and platelets were 181,440 per cn mui A gastne analysis done by the private physician rc^caJcd 
*bistaminc fast achlorhydria Urinalysis Kahn ECG banum studies of the upper and lower gastro- 
jntcsnnal tract x-ray of the chest and brucella agglatmauon were normal A needle biopsy of the sternal 
nc marrow revealed maturation arrest in the crythroc} tc senes at the megaloblastic and carl} crythro- 
Utic stages of development Bizarre mccamyciocyccs and macrocytic polj chromatophihc nonco lasts 

abundant (See cable i ) 

concurred in the diagnosis of pernicious anemia and administered S raicrograms of vitamm 1 
l^cntcrxlly (wc have obtained inaxitnal rcuculocytc responses with on]) 4 mjcrograins of sitatnin i 
^creaftcr retictdocytcs svere counted each day Erythrocytes and hemoglobin svere determined even 
'hird da) Rcticulocytosis did not occur B) the fourth das after therapy the patient ssas complaining 
•>'tterly about the soreness of his tongue and small congested ppillae were visible on th- s^'^th laicra] 
He svas placed on mnltisitamin tablets ss.thout relief Neurologic examination did not chare- 

‘fr?-i 7-48 ten days after the imnal dose of vitamin B. the er) throes te count had dropped to 1 1 e 000 

P^cu mm the hcmoglobm to 6 Gm percent and the heraatoent to i percent He ssas t 
'"'crogtamsofsataminB, on each of three snccessise davs Although there seemed to be a little tc-pv 


^om the Department of Internal Mediane Umversirs of Oncinnati On-mnati Ohn 

Diese investigations were aided bs grants from Merck and Co In Rahsvav J 

Rof«t Gould Research Foundation Inc Wc ssish to thank Merck and Ci Ire fo- r - 1 
of vitamin B, and Lederlc Laboratories Inc for the folic acid 
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Table i — Bone Mjptov Counts on 4 Patient with Lira- Extract PjJraaery hitjaltilnftt Antau 


Dtte 

^17-4S On 
Admiuion 

H>-3-48 After 
Mtamin Bis 

10-13-W After 
Lher Extract 

I0-26-W After 
FoljcAod 

Polymorphonuciczr ncutrophilc 

48 


37 


57 

Metamyelocyte 

14 

5 

33 5 


M 

Myelocyte C 

8 

5 

3 


0 5 

Myelocyte B 

3 


3 3 


Myelocyte A 

I 


3 



Myeloblast 



0 3 



Lymphocyte 



10 

IX 


Young lymphocyte 



0 

0 


Monocyte 



0 

0 3 

0 5 

0 5 

1 5 

Young monocyte 


I^H 

0 

0 

Eosinophilc 


■ 

r 

X 

Eosinophihc myelocyte 

I 

5 

X 

I 

Basophilc 

0 


0 

0 3 


Basophilic myelocyte 

0 

5 

0 

0 


Plasma cell 

4 

5 

1 3 

' 5 


Qasmatocyte 

0 


0 

° 


Pnmiavc cell 

3 


4 

0 

___! — 

Mcgaloblast 

4 


7 

I 5 

0 

1 5 

14 

Early crythroblast 

10 


13 

18 3 

Late crythroblast 

19 

3 

10 5 

33 

Normoblast 

12. 

5 

43 

M 

4° 

5 3 

Mjcloid Erythroid ratio 

X 

1 

4 3 

5 -t 
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Oq his admission the ph) steal examination ga\c essentially the same findings except for a small 
papule on the margin of his tongue uhich later broke down to form a small ulceration The neurologic 
examination was unchanged The cry throe) te count was i 050 000 per cu mm hemoglobin 5 Gm per 
cent hematocrit 16 per cent white blood cells 1950 per cu ram reticulocytes i per cent Liver function 
tests were normal except for retention of 8 5 per cent of injected bromsolphthalcm (5 mg /Kilo) after 
forty five minutes The total serum bilirubin was o 4 mg per cent An analysis done on a 14 hour stool 
specimen revealed a total fat content of 16 per cent by dry weight 7 9 Gm total fat in twenty four hours 

ofwhich5Gra were fatty acids Oral glucose tolerance test revealed slow submaiimal absorption but 

not a flat curve such as occurs m sprue Bone marrow aspiration showed no change from the previous 
megaloblastic maturation arrest On October 3 1948 the patient was given 30 units of refined liver ex 
tract, Lcderle an amount which is roughly equivalent to the amount of vitamin Bu injected p^viously 
Again there was no reticulocyte response and the erythrocy te count continued to fall so that by 10-13-48 
ten days after the Ii\cr extract the erythrocytes numbered 8-jo coo per cu mm and the hemoglobin 4 
Gm /loo cc Bone marrow ciatrination again revealed the same maturation arrest Although the patient 
was unchanged clinically he was gi'cn 500 cc of whole blood at this point in order to avoid the possi 
bility that transfusion might be necessary during the next therapeutic trial period 

On October 16 1948 the patient was started on a ten day course of folic acid 7 5 mg each day mtra 
moscularly so that the total dose of 75 mg would be roughly comparable to 30 amts of refined liver 
extract A reticulocyte response occurred and reached its maximum of 16 9 per cent on the fifth day Clim 
cal impros'cmcnt was striking The erythrocyte count increased slowly but by 10-19-46 when he was 
discharged it had risen to 1^410 000 cells per cu mm and the hemoglobin was 9 4 Gm per cent Subsc 
qucntly his blood counts have continued to rise toward normal The bone marrow ^c^ erred to a normo- 
blastic phase of maturation The neurologic signs did not change appreaably 

I>irmg two days precedmg folic acid therapy a^^ the three days follownog the first dow of folic aad 
M hour urine samples were collcacd and their respective contents of folic aad measured through the 
cotirtcsy of Dr A L Franklin of Lcderle Liboratoncs The results were as follows 


Date 

Unae Vol ml 

Therapy mp 
folic aad 

Microyrams 
folic aad/ml 


ciCTtUon 

lo- 8-48 

750 

— 

OOIX 


— 

:o- 9-48 
•0-17-48 

750 

800 

7 5 

0015 

1 ° 

1 


10-18-48 

4t-5 

7 5 

6 0 


33 

49 

•0-19-48 

750 

7 5 

5 ° 



These excretion values arc withm the range excreted by normal subjects 
A gastric analysis with histamine stiraulauon rcpcitcd in December 1948 revea 


Pre histamine 
Post histamine 


Specimen 


I Free acid 


*5 

*9 


Combined acid 


Toul and 


5 

1 1 


iS 




Discussion 


1936. Israels and Wilkinson^ described a ty-pc of macrocMic 
^orphologicall) to pernicious anemia, but lacking the c in^ ^ 

=>ch)liagastnca, neural in\ohcmcnt, jaundice and glossitis c on ,^.^1 

"''^galoblastic, but the anemia responded poorh ornotata tot 

'"^therapj The authors suggested that achrestic anemia might K a suitabU 
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name since thej felt that liver extract was not utilized properly In 1937, Wills, 
Clutterbuck and Evans' reported that cxpcrimentall} induced macrocytic ancmii 
in monkeys failed to respond to refined liser extracts such as Anahaemin butte 
sponded quite well to crude extracts such as Campolon This was followed in 1938 
by clinical reports b) Napier’ ct al and Wills and Evans’ of cases of tropical macro- 
cytic anemia which failed to respond to Anahaemin, but subsequent!) responded 
to Campolon It was from this work that the term Wills factor appeared, to 
designate an unknown active factor in crude liver Numerous reports of similar 


experience followed from ocher countries 

In England, Dasidson, Davis and innes* in 1943, later Davidson and Girwood’m 
1946 and Davidson'” in 1948 described a total of l 5 cases which they called idio- 
pathic refractor) megaloblastic anemia All were refractor) to refined hver a 
tract Nine of these cases received in addition, iron, ascorbic acid and transfusions 
and impros ed slowly Twelve patients received proteol)'zed liver, a papain digest 
of whole liver administered orally, with a prompt response in S and a moderate 
response in the remaining 4 The daily dose of the proteolyzed liver was shown to 

contain only o 4 mg of folic acid The authors therefore felt that there is soil an- 
other unknown hcmatinic principle in the proteolyzed liver The remaining 5 cases 
were given folic acid with a prompt, but submaximal response They reqmrd 
proteolyzed Ever to attain normal cry throcy te values These authors also repotted 
34 other cases of refractory megaloblastic anemia which were associated with preg 


nancy, the puerpcrium or the sprue syndrome 

In 1946, Watson and Castle" reported 4 cases of nutritional maaocync anemia 
which were refractory to parenteral liver therapy These paaents had in common 
an inadequate diet, free hydrochloric acid in the gastric contents, absent n 
mamfestations and normal lingual papillae Bone marrow morphology was not 
reported In 2. of the patients, the anemia occurred during pregnancy The fot 1 
pauents responded to liquid extract of liver (Valentmc) The third respond to 
the oral admimstrauon of a suspension-soluuon of powdered hver extract (. 
and the fourth responded to the daily intravenous injection of zo cc of the 
natent of this special liver preparation The fourth patient received 1 3 mg ^ 
L easel factor daily for 10 days along with other members of the vitamm 
complex without benefit prior to the administration of liver extract These an 
concluded that the crude liver preparations given in large doses contain 
hematopoietic factor not present in the more refined liver extracts They were 
ling to designate this substance the Wills /actor, and did not believe that it w 


fohe acid 

Waldenstrom" in 1947 reported 4 cases of refractory macrocytic 
which responded to folic acid given by mouth Two of these had respon 
viously to liver and then had become refractory The one case that did not respoo 
to folic acid was classed as idiopathic steatorrhea ^ 

Recently Bethcll and co-workers" reported bnefly a case of m 

cytic anemia m a 19 year old mother who had a megaloblastic marrow, 

the gastric jmee, and glossitis This anemia did not respond to a total o 10 g 
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of Bu intramuscularlj over a ten da} period, but responded to lo mg of folic acid 
by mouth per da} 

The patient described in our report differs in certain minor clinical respects from 
most of the other cases of liver extract refractory macrocytic anemia Objective 
neimo ogic signs were present which were probably manifestations of mild periph- 
eral neuritis and cerebral atrophy induced by alcohol The patient also had an 
acute glossitis which was unrelieved by vitamin and refined liver extract, but 
responded to folic acid In these respects he was similar to several patients with 
extrinsic factor deficiency reported b} Moore, Vilter, Minnich and Spies '* How- 
ever, failure to respond to purified liver extract makes such an etiology untenable 
emicious anemia is eliminated by the return of free hydrochloric acid after treat- 
ment, and sprue seems unlikely without evidence of diarrhea or steatorrhea There 
been no gastro-entcnc surgery and his gastro-cntcric tract was normal when 
visualized with barium By elimination he must be classified as liver extract re- 
ractory macrocytic anemia due to unknown causes The hematopoietic effect of 
0 1C acid is similar to results reported by European clinics 
t seems probable that persons said to have achrestic anemia, Wills factor de- 
ciency anemia and many instances of megaloblastic anemia of infancy and pcrni- 
ci^ anemia of pregnancy, arc all due to the same fundamental chemical deficiency 
evidence in our case fails to demonstrate a pnmary cuologic role for folic 
because the excretion of this substance after parenteral injection was 
Within the range expected in normal persons For this same reason, a defect in the 
0 1C acid conjugasc system is unlikely Therefore, one must assume the existence 
0 another factor, which acts in conjunction with folic acid in the process of eryth- 
maturation The identity of this factor is unknown but it must be present 
in crude liver preparations such as proteolyzcd liver If this is true, folic acid in 
doses can overcome a deficiency of this factor b} a mass action 
ect, a mechanism which may also explain its hematopoietic action in pernicious 
anemia where it overcomes a chemical deficiency, probably of vitamin Bu, condi- 
tioned by lack of intrinsic factor in the gastric juice 
Studies on the growth requirements of bacteria link folic acid'* to thymine and 
itamin Bjj'® to thymidine synthesis and suggest that these factors arc intimately 
tc ated to purine and pyrimidine metabolism The inhibition of folic acid antago- 
nists on bacterial growth and the ability of purines and p} nmidincs to overcome or 
tircumvcnt the inhibition't demonstrate these interrelationships also The hemato- 
Pniiitic effect of large amounts of a pyrimidine, thymine, in human pernicious 
nemia, nutritional macrocytic anemia and sprue suggests that these concepts mas 
applicable to human nutrition The possibility that one of the points ofbrcak- 
wn of hematopoiesis in pernicious anemia ma} be the failure to cons ert th} mine 
° th}Tnidinc has been suggested before " It is likcl} that chemical chain reactions 
* mg to the formation of nuclco-protcin from ammo acids arc catals’zed bs these 
actors derived from liver, and that folic acid and the unknossn factor arc essential 
one step and vitamin Bi for a closcl} related one Under such circumstancw 
one of these factors given in large doses, could oscrcome tcmpo'anls defi 
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cicncics of the others, and thymine, one of the substrates of the reaction, would be 
effective in very large doses Such a theory offers an explanation for the effect of 
folic acid in the patient described in this report and helps to explain many puzzling 
problems vyhich have arisen in the field of macrocytic anemias 

Summary and Conclusions 

I The patient described in this report had macrocytic anemia, megaloblastic, 
maturation arrest in the bone marrovy, glossius, hypcr-reflexia and diminished vi 
bration perception in the feet None of these abnormalities was improved by hver 
extract or vitamin Bu but all responded rapidly to folic acid except the neurologic 
signs 

L This patient appears to have had a megaloblastic anemia which has been dc 
senbed in European clinics under the names achrestic anemia and refractory 
megaloblastic anemia It appears to be similar to Wills factor deficiency anc 
mia and some cases of pernicious anemia of pregnancy 

3 This patient did not appear to have a primary deficiency of folic aad since the 
excretion of this substance in the unne was within normal limits A deficiency of 
an unknown factor probably equivalent to the Wills factor is suggested 

4 It seems likely that folic acid induced a remission in this case by a mass 
action effect The possible relationship of folic acid, vitamin Bu, the unknown 
factor and liver extract to nuclco-protein synthesis is discussed 

Addendum 

Since the completion of this paper, the patient herein reported, has been read 
mitted in hematologic relapse He had received no intenm treatment due to his 
failure to report back to us During his second stay in the hospital he was treat ^ 
with thymine, 13 l Gra daily for ten days Rcticulocytosis of 10 per cent occuitcq 
and a nsc in erythrocytes and hemoglobin is in ptogress This hematologic tesponse 
is consistent with the theory outlined above 
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A NOTE ON THE EFFECTIVENESS OF VITAMIN IN THE TREATMENT 
OF TROPICAL SPRUE IN RELAPSE 


Bj Ramon M Suarez, M D , Tom D Spies, M D , F Hernandez 
Morales, M D , and Enrique Perez, M D 

JV itb the technical assistance of Miss Clemenoa Benitez-Gautier 

A SHORT tunc ago, vitamin Bj. was isolated*"* and shown to have a profound 
effect on blood regeneration m persons with pernicious anemia, nutritional 
macrocytic anemia, tropical sprue and nontropical sprue It also was found to be 
beneficial in relieving the acute and subacute combined degeneration of the spinal 
cord which so often is associated with pernicious anemia However, until very 
recently the amounts of vitamin By available have been so small that invcsngaton 
have not had sufficient amounts to treat pauents fully We decided to use part of 
our small supply of this material to make an intensive study of 3 patients with 
tropical sprue and to treat them over a considerable period of time, the thought 
being that it would probably take much larger amounts of vitamin Bu to produce 
full remission than might be apparent from the dramauc hemopoietic response pro- 
duced by minute doses These 3 patients, studied m the hospital under controlled 
conditions, indicate that such is the case The three following case histones of these 
pauents illustrate their climcal and hemopoietic response to vitamin Bu admin- 
istered at fairly frequent intervals over a period of from 138 to ifo days 
These patients were selected for study by the following criteria (i) The patient 
must have macrocytic anenua as determined by Wintrobt indices (1) The bone 
marrow muse show the typical megaloblastic type of maturauon arrest seen in 
macrocytic deficiency anemias (3) TTie erythrocyte counts must be below z 5 nm 
lion (4) The patient must be untreated, or must not have been treated recen y 
enough to interfere in any way with the evaluation of vitamin Bu as a therapeunc 
agent (5) He must have persistently low rcuculocyte counts during the ptelitni 
nary period of observation ( 6 ) He must have alimentary tract symptoms consistent 
with the diagnosis of tropical sprue , 

Pipets certified by the United States Bureau of Standards were used for the 
cell counts The hemoglobin content was determined by means of the Pbotov 
photoelcctnc hemoglobinometcr, calibrated so that 14 5 grams was 
to 100 per cent The reuculocytcs were counted in dry preparations 
cresyl blue counterstained with Wright s stain Platelets were enumerate m 
counting chamber used for red blood cells by means of a fresh solution 0 s 1 
atrate 

Sternal bone marrow was obtained by aspiration prior to treatment an s 
near the peak of reticulocytosis 

From tlie School of Tropical Mcdicmc of Paerto Raco and Northwestern Umvenny Depm®®* 
Namnon and Metabohsm , ^ jiu 

This study was aided by a grant from the Martha Lcland SherwinFond The vitamin Bu n 
study was supplied by Dr Augustus Gibson Merck and Company Rahway New Jersey 
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Gastric analj'scs -were perfonned in each ease 

d ^ patients ^verc gnen the preJiminary sprue diet previousJv 

ocn and were maintained on this diet throughout the period of study Mter 
c asc me studies were completed, the three patients scJecred were treated 
with vitamin Bi_ at intervals of from 138 to 160 da>s 

pla^m ^ n ^ >car old Puerto Rican votnan was admitted to the hospital in Maj 1548 com 

foamy I soreness of the tongue and diarrhea characterized by frequent light-colored 

history and past histor> Irrelevant 

to her adm*^^°”* Patient v. as m good health until after the birth of a normal child four years pnor 
ission At this tune she lost her appetite had occasional nausea and vomiting and dc^'clopcd 
from sir to aght soft bulky foamj foul smelling light yellow stools daily 
end 0/ h ^ ofrowing eight months she grew progressive!) weaker and lost 17 pounds in v^cight At the 
t IS time she came to the Ouc-Paticnc Department of the hospiul where a dugnosis of tropical 
^ gi'cn 8 cc of crude In cr extract three times a week Following this therapy she 

g ^ F sfightly and then verj slowl) She became discouraged and stopped coming for treatment 

V ^ developed loss of appetite sorcocss of the tongue and severe foan^ diarrhea 

^n a month she was so weak she came to the hospital and was admitted for treatment 
and eh ^^^*^naeion showed a poorl) -developed undemounshed young woman who was obviously 
^ ®°coas membranes were very pale The tongue was smooch and red cspccianyai 

showed free faydrochlonc aad m the gascnc contents The initial blood values were 
m fi c * hemoglobin 7 6 grams (4$ per cent) reticulocytes 1 o per cent as can be seen 

divi P'/ gi^CQ a total of xio micrograms of vitamin Bn in nine injections in a period of 147 

zoi i^I^ction her blood values were red blood cells 4 it million hemoglobin 

fi^urc^i^ ^ cent) reticulocytes o 8 per cent The details of the hematologic response arc shown in 

TTi 

^ P^doal clinical improvcmcnc The soreness of the tongue and the diarrhea disappeared 

* ^ discharged after 166 days in the hospital she had gained pounds in xvcight and felt 
*u/c to Work ^ 

q£ ^ * 54 old Puerto Rican woman was admitted CO the hospital in May i^S complaining 

8TOSIVC weakness burning and sorcocss of the tongue and numbness of the extremities 
history and past history Irrelevant 

ff^cral d ^oor years prior to this admission to the hospital her illness began insidiously with 

«d d difficulty in walking One and a half years later she developed soreness of the tongue 

^ consisting of liquid, foamy stools light yellow in color Following treatment with liver 
improved the burning of her tongue disappeared and she gamed m strength She 
^ ^^^Py for SIX months then for economic reasons discontinued it A few months later 

hojpu 1^ 8^^1 debility and numbness of the legs bat no diarrhea She was adrmned to the 

‘^^oicall * diagnosis of sprue was made Following treatment svith liver extract she impmvcd 

ficmarologically and was discharged from the hospital forty-fisc davs after admission 

plamifi treatment and one year later she was admitted to the hospital again con 

° Weakness soreness of the tongue and numbness of the lower extremmes but no 

Th ®^®*°^tjon shossed a pale woman 10 no acute distress but obviouslv wcaL and chrcnicilfr 

the mucous membranes were pale The sclera had a slight ictenc tint The tougi.- was red 

Q subratory sense was intact 

^^blofvl'^ ^“^lyscs shovtxd free hjdrochlonc acid in the gastric juice H-r initial Hood sal-*s «-.c 
'n6rnfr ^*^ 39 ™'^l*on hemoglobin 5 o grams (jt per cenO rcticulocrtes o - per cert as can 

*^* 5 ^ ^ S>'‘cn a total of 105 micrograms of vjiamin Bi in nine inpcnons in a pcn%- c i 

'v *>* after the last injection her blood values were red blood cells 4 -i millio" h c 
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in fignrc ^ “°0. reticulocytes i 8 per cent The details of her hematologic response can be seen 

discharged from the hosp.ul 185 days after admis 
nnmbncssofbofh / several times and is doing her svorfc and has remained veil Some 

cgs persists ThcMbratorj sense remamed intact 

of Wr Ricon ssomao v as admitted to the hospital mjnne 1548 complainmg 

Joomyd^hea burning of the tongue and general weakness E J >4 F g 

PresoK ®'*'or died probably of sprue or pernicious anemia Post history Irrelevant 

Pdopcd foam°'d* u "^** "^'** rnonths prior to her admission when she lost her appetite de 

lie svas ill f ^ ^0 tongue She rapidly lost strength and durmg the str months 

« 111 lost 63 pounds in weight 

^tulrac ond^i^ndrf”*' ’f’°'''ed a sery ill pale woman She hod atrophic glossitis The abdomen was 

Wood cell ^0 gastric juice Her luiual blood values were red 

®gore j ™ bcmoglobin 5 5 grams (35 per cent) reticulocytes o a per cent as can be seen m 

djyj y. ' micrograms of vitamin Bu in eight mjcctions m a period of 138 

ralnei were i^lil iruprovement in her stools Twenty font days after the last injection her blood 
Thedrr I °°‘* “**' 3 8$ million hemoglobin ii 6 grams C75 per cent) reticulocytes i a per cent 

uctaui of her hematologic response can be seen in figure 3 

G5MI.IENT 

of three patients with tropical sprue reported were repeatedly given injections 
grajto^^* t^itamin Bu intramuscularly Case i was given a toul of aio micro- 

of I d° ttijcctions ranging in amounts from 10 to 15 micrograms in a period 

j ^tcceivcd a total of 105 micrograms in tunc injections ranging m 

unts om 10 to zj micrograms m a period of 160 days Case 3 was given a total 
^103 micrograms in eight 15 microgram injections in a period of 138 days In each 
^ little or no detectable change for the first three or four days, then, 

da ^ h ^ teticulocytcs began to nsc in the peripheral blood on the fourth or fifth 
c patients began to feel better Following the reticulocyte peak which oc- 
incre "d*™ si^th to the ninth day the red blood cells and hemoglobin gtaduall) 
tvh there was gradual gain m strength, and m patients i and z 

alth ^ ‘^'^trhea there was some improvement in their alimentary tract function 
^ough the stools did not become entirely normal 
'fiadeb ‘^^“‘^^iisions as to dosage and intervals between injections can )et be 
ut no therapeutic agent thus far used m the treatment of tropical sprue has 
so effective per umt of weight as vitamm By 

Summary 

B ‘^es of tropical sprue were treated with repeated injections of Mtatnin 

u an showed dramatic and sustained therapeutic responses 
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DICUMAROL THERAPY CONTROLLED BY THE STABILIZED THROMBIN 
METHOD FOR DETERIVlINATION OF PROTHROMBIN 

B) L A Sternbbeger, M D 

AN ADEQUATE method of control for the anticoagulant 
A IS an iential condition for the evaluation of f “1 Suld be 

therapy Such a method should control the action o , causes As long 

independent of accidental vanaaons in clotting actors uc j be 

as th^e requirements are not fulfilled, the “‘^.Tdoses make 

determined with too large doses hemorrhage results while too small 

It impossible to obtain the full therapeutic effect o e rug 

Hitherto the onc-stige method of Qmck‘ or mod^catiODS alaam lod 

work It rests upon the pnnaplc that if m the coagn iiioa o , jj oo prothrombin pronded 

fibrinogen concentration are kept constant the clotting tunc ^ controlled bj- addiuon 

that these fonr factors are the only coagulation factors octsting . by standardization with a 

of excess of this factor The acavity of thromboplastin as to controls are to be used for stand 

relatiTely large nomber of normal control plasmas Since e n , normals cannot be estab- 

-dizau™ of a reagent for the method the absolute value of ,n^ out byjaoiuesand 

hshed CalatunconccacratiOQUCOrcnutaatitsccmsum^tiin oxaUced pUsnu is ^07 

Dunlop* and by Quick* that the prothrombin time of reonirement becomes very bard 

sensitive to changes m calaum concentration so that in sn p a plasma is compared with 

to foIfilL The prothrombto clotting tune of hypoprotW u„-n5 the fibnnogen concentration sig 
that of diluted normal plasma diluaon with normal saline ^ fibTnogen as 

nificautly and although Nitsche and co-workers* have attemp -i-jmj the rtsnlts have not been 
diluent and Roscnficld «.d Toft* by employing dcprothtombmized plasma, tn 

unifonn * t i, f II wine coagnlanon fictcrs, which arc 

The onc-suge method does not take into account any o ' ° described by Asttup’ and by 

capable of mfluenemg the prothrombm tune (0 Antithrom ) (^3^) Owren s fifth coagu 

Glarko and Ferguson* which dcscroy thrombin immediate y calauiu to cons err prothrombin to 

Ituon factor ’ which is teqnired in addition to chtorobop □rothrorobio tune Cj) Autocacalrtic 

diTombm, and vanatioos of which may increase - „te of conversion of prot^^ 

described bf Aacrup^ and Owren Because o conversion p' 

to thrombin is not constant The principle of the one stage j,) a definite relationship Ud 

thrombin to thrombin is dependent on the concentration f F _ .jjjju* vhich slow down t e con 
Inhibition faaors postulated by Ferguson and Glaiko contain anv number ° 

vcriionrateof prothrombin to thrombm Moreover norma p , so that as pointed out y ^ 

factors » which affect the thromboplastin used in the one stage ^.^j^ipurable In faa seno-s dou^ 

and Morse ■' results obtained with different thromboplastins of plasma p^tbrombn 

anse as to whether the one-stage method gives more c * "of dicumarol thcraps ran 

tbeotherhand the esaloation of the effecuveness an s j^^jjlmjoesnlts sotbatrepwts *0 

wnctly reliable control method IS available and pracucal P'* ® 

laboratory can be compared with those obtained in another ^ nsofthcabO'C 

The stabilized thrombin rwo-stage metfiod is 1 units W uh the us. 

factors of inaccurac} and, in addition, gi'cs resu 

^ .1 Ps H--a - 


From Ihc Department of Pathological Ph>-tiolop) Hebrew Un' -rsi 
f-'m\ctiity Hospml Jerusalem Israel 
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of the modification to be described in this paper (related particularly to the prepata 
tion of a stable thrombin reagent and ro different quantities of matenab used in 
the test) it does not take more time of performance than the one stage procedure 
The method is based on our observation that alcohol suppresses the antithrombic 
activit) of plasma, so that it becomes possible to keep constant the amount of 
thrombin obtained after quantitatively convertmg prothrombin to thrombin 

Method por Detershnation op Prothrombin 

Principle 

The oxalated plasma used contains the prothrombin to be examined, as well as 
anuthrombin and fibrinogen First, the fibrinogen is remtivcd b) adding thrombin 
Fibrinogen becomes thus converted to fibrin, and is rolled out with a stnnngral 
The resulting fluid contains all the prothrombin, antithrombin, and the added 
thrombin (but not fibrinogen) However, within ten miriutcs the added thrombm 
will have been inactivated by the anuthrombin present Now the antithrombin 
activit} will be suppressed by the addition of alcohol, and prothrombin converted 
to thrombin with human milk (thromboplastin) and calcium The rcsultmgflui 
contains all the thrombin obtained quantitatively from the prothrombin ongmally 
present (but docs not contain active antithrombin) It docs not clot as such, be 
cause fibrinogen has been removed previously The amount of profhromDUinr®ii 
determined by adding vanous dilutions of the thrombin thus obtamed to constant 
amounts of normal plasma and recording the thrombin-fibrinogen clotting tim» 
This method IS independent of the activity of the reagents u^cd Thus, prothrom in 
concentrauon can be directly read from the thrombm-fibnnogen clotting tunes, an 
no comparison with normal controls is necessary 

15 per cent by volume of ethyl alcohol m normal saline soluaon 

50 per cent by volume of ethyl alcohol m normal saline soluuon 

o I M sodium oxalate soluuon 

o 1.M calcium chloride soluuon 

Thrombin solntion 

Fresh noftno] oxalate plasma 

Hmuon milk 


PnfarMttm of Th ro m b tn Soltrttor^^ 

A temperature between 16 and ul C is momtaincd while the ingredients arc p 

cessivcly mto a flask and stirred after each addition 

380 parrs of 50 per cent by volume of ethyl alcohol in normal saline 
145 parts of normal saline solution 

2.5 parts of o rM colaum chloride solution and reodeftd ^ 

110 parts of human blood (whole blood 9 parts of blood obtamed hf venepuncture 
coagulablc by addition to i part of o i M sodium oxalate solution) 

75 parts of human milk 

75 parts of 50 per cent by volume of ethyl alcohol in normal saline solutiori > ^11 dot m 

The material obtained after the lapse of about 5 to 10 miautcs cdiitcly oc nuT ^ 

volume of human plasma m 6 to 8 seconds It is very stable It may be processed 

kept m the refrigerator without loss of activity for at least eight months ddcdxSp^®^ 

To parts of crude thrombin (shaken well to obtain a uniform 
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95 per cent cth) 1 2lcohoI b) \ olumc The \^ hole is shaken violently and centrifuged immediately m an 
angle centrifuge The sediment obtained is resuspended in 16 parts of oxalatcd racrthiolatc saline solution 
Cprcpared by placing x parts of o 1 M sodium oxalate solution and 10 parts of 1 per cent mcrthiolatc 
[sodmm ethyl mercunthiosalicylatc] into a \olumctric flask and making up to loo s^'ich normal saline 
solution) The suspension is stirred to break up the sediment as completely as possible, whereafter it 1$ 
centrifuged and the sediment discarded The supernatant thrombin solution will clot an equal volume of 
fresh oxalate plasma in 4 seconds It is stable for at least six months storage in the ice box 

Frtsh hortati plasma Nine ml of blood arc drawn by venepuncture from a normal subject with as little 
tramna as possible and added immcdiatclj to i ml of o i M sodium oxalate solution contained in a 
centrifuge tube The plasma 1$ obtained b) centrifugation 

Human mtUu It may be used fresh or jt may be stored 10 the icc box for at least one month If milk 
has been stored it should be well shaken to obtain a uniform suspension 


Procedure far the Determination of Frothrombrn 

Four and five-tenths ml of blood are drawn by venepuncture and added as rapidly 
IS possible to a centrifuge tube containing o 5 ml of o i M sodium oxalate solu- 
tion The tube is shaken immediately by inverting it three times The plasma is 
obtained by centrifugation 

Tbe procedure to follow is done at a temperature range between 16 and ^x degrees 

centigrade 

Step one, defibrination o 5 ml of thrombin arc added to i o ml of the plasma 
After to minutes the liquid is expressed from the clot by wrapping the latter aroun 
* glass rod (using best a pipct with a broken, rough end) 

Step two, thrombtntzatton To o 75 ml of dcfibrinated plasma there are added suc- 
cessively 


I 75 ml of 15 per cent by volume of ethyl alcohol in normal saline solution 
t 115 ml of 50 per cent by volume of ethyl alcohol in normal saline solution 
c 3 tnl of human milk 

o 075 ml of o 1 M calcium chloride solution, 

* aking after each alcohol addition and after the addition of the calcium 
Step three, dilution Scnal dilutions of the thrombinizcd, stabilized plasma o 
turned in step two should be set up not earlier than 10 minutes after throm 

and preferably not later than hours thereafter If stored, rather t m res 
mfik IS used for thrombinization, dilutions should be set up only after t c ^ 
° minutes after thrombinization For dilution, a 15 per cent (by vo uinej s 
C'on of ethyl alcohol in normal saline is used . 

‘‘P four, clotting With a pipet graduated to the tip, o 2. ml of various 1 
? ^^corabmized plasma arc drawn into Wassermann tubes containing ox 
CCS human plasma At the moment of contact with the plasma a stop-wa 

started The tube is held— after brief shaking— against a screened ° . 

c cctric bulb screened by placing filter paper in front of it proves satis 
c test tube IS tilted in a way that the fluid contained in it is “•'“WC o 
tn along its walls from the bottom of the tube towards its top, an ^ 
ctom again, and the moment of appearance of granulanr) is rccor > threads 
cstop-tvatch (The fibrin appears in the form of granules, rather t 
Hi presence of alcohol Therefore, the rube should not 

c End points arc vet} sharp, if this procedure is followed ) 
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Evaluation of the Amount of Prothrombin by the Stabih'tyd Thrombin Mithod 

Results with this method arc obtained in absolute values, and no comparison 
with a normal standard is necessary In order to obtain comparable results -with 
the one-stage method, we fix the normal value of prothrombin arbitrarily as 100 
This corresponds (see rable i) to a clotting time of 18 seconds obtamed when adding 
to o 1 ml of normal plasma o x ml of a i 10 dilution of thrombmized plasma 
(1 e , a I 80 dilution of the original plasma) In hypoprothrombincmic plasma this 
value will be obtained at a corresjjondingly lower dilution 

We usually set up dilutions of 40, zo, and 10 per cent for samples presumably 
normoprothrombincmic, and dilutions of 80, 40, and lo per cent for hypoprothrom 
bincmic thrombmized plasmas Occasionally also dilutions of 60 and 30 per cent 
arc set up, particularly in eases in which the clotting time of 18 seconds seems to 
occur in between 80 and 40 per cent If the values recorded as normal in table i 
do not coinadc exactly with any one of the dilutions actually set up, but happen 
to lie in between them, the significance of this can be evaluated by comparing the 


Table i Clotttng Times of VMnaus VtluStons »/ Thnmhtntxtd StahihZfd Tlasm^ 


Dilution of thrombmized ptotma. 

CormpondjQg diiution of original 
plasma 

Cloltlnr lime 

% 

0 

sKeaii 

100 1 

iz 5 

6 1 

80 

lo 0 

69 

60 

7 5 

7 8 

40 

5 ° 

3 

LO 

1 5 

IX 6 

XO 

I 2-5 

18 0 

I 

5 

0 615 

H 7 


values obtained at the various dilutions tested and observing whether corres^n 
ing deviations of the clotting times occur at all these dilutions With this ptoc 
the following values of prothrombin can be dctcnnincd with accuracy, f 

definite recording would be within the limits of experimental error) 100,15°, ’ 

75, 50,35,15,10, 17, 14, II 5, II, 10,8 5,7.6, 5 5 and 5 Standard V*” ^ 

ard deviation of the clotting times recorded in table i have been compu 
previous publication 


Dicumarol Treatment ^ 

In this senes, 43 cases were given dicumarol for a picriod of seven 
days These include 17 cases of pulmonary embolism, 7 cases of throm P 
4 eases of arterial embolism, and 5 postoperative eases treated prop y a 
All eases of arterial embolism and the more severe cases of pulmonary cm 
were also given heparin for the first one or two days of treatment, nsua 
the prothrombin reached a level of 30 Heparin was always given by ^ jj 
intravenous drop infusion, and the venous blood coagulation time hept 
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and II minutes It is noteworthy, that the determination of prothrombin with our 
method IS not influenced by the amount of heparin in the blood, since it excludes 
the effect of antithrombin and is not dependent upon the conversion time of pro- 
thrombin to thrombin Thus, unlike with the one-stage method,*^ continuous ad- 
ministration of heparin does not disturb the determination of prothrombin 

Tht Prothrombin Ltvtl before Treatment 

Frequently patients showed a hyperprothrombinemia of 150 to ioo before treat- 
ment This was particularly marked in patients with long standing thrombosis 
before institution of treatment, or in cases of pulmonary embolism, especially in 
recurrent pulmonary embolism On the other hand, among 78 postoperative de- 
terminations of prothrombin, there were also 1 1 cases of hyperprothrombinemia, 
yet none of them did develop postoperative thrombosis or embolism It is our im- 
pression that the presence of hyperprothrombinemia cannot be used to predict 
whether a patient is predisposed to thromboembolic disease It seems, however, 
that some patients, if having already contracted a thrombosis, may, after a certain 
lapse of time, develop an occasional hyperprothrombinemia 

^‘termination of Dosage 

In all our patients we endeavored to keep the level of prothrombin between 17 
and 50 Dicumarol is a slow acting and very cumulative drug In attempting to 
keep the patient at a certain maintenance level, it is necessary to determine t c 
dose to be given on a certain day not only by the prothrombin level for that paruc 
nlarday, but also by the previous response of the patient Such maintenance was 
accomplished by the following program of dosage 
First day Always 300 mg are given ,, 

Second day In patients with thromboembolic disease, 100 mg arc given, in a 
prophylactic cases and in every weak or emaciated patient, 100 mg 
^Third day If the prothrombin for that day is 100 or above, 100 mg are give 
^1575-100 mg or less, no dicumarol is given 
ourth and each subsequent day If the prothrombin is above 50, 100 mg ^ 
given If It IS 30, and was on the preceding day above 50, 100 mg arc , 

I* 50 and was on the preceding day 50 or less, xoo mg arc given Iftheprot 
35 i and was on the preceding day more than 35, no dicumarol is given 
35 and was on the preceding day also 33, too mg arc given Ifitis35.an 
^prcccdingday less than 35, xoomg are given If the prothrombin is css 

"o dicumarol ,s given ^ 

klsing this program of administration of dic^narol in the stabihz , 
determination of prothrombin, it is easy to keep t e 
th 17 and 30 During a total of 513 determinations o P‘’° 

1 ^ ^P'^°^^’^°®^‘iiemic maintenance period of dicumarol in t is ij, 

3 pet cent) was the prothrombin more than 
e instances (o 6 per cent) was it less than 17 Daily sanations . ^ ybis 
e smaller wuh this method of control than with the one 
^^nics obs lous. If 1 1 ,S borne in mind that the one-stage method is dependen 
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on Other factors besides the quantit)' of prothrombin outlined above), while 
the stabilized thrombin method is a direct measarc of the amount of prothrombiB 
after it has been converted to thrombin 

Comparison with the Oni-Stage Mithod 

In a number of eases we have been running parallel determinations with the 
one-stage method of Quick ' An example is given in figure i The dosage of dicum- 
arol was determined by theresultsofthestabilizedthrombinmcthod ItwiUbcseen 
that in the beginning of treatment prothrombin values fell off morerapidly and after 
stoppage of di cumarol re turned m ore quickly to n onnal wi th the one-stage than with 
the stabilized thrombin method This discrepancy is explained if consideration is 
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Fio I — Course of Trcaonent in a Cjse of BiUteraJ TTiroinbophlcbius during Paratyphoid Fera 
fE paratyphi B infecnou^ Comparison of One Stage and Stabilircd Thrombin Method 

taken of the fact that the one-stage method is dependent on both, the quantity of 
prothrombin as well as the speed of conversion of prothrombin to thrombin, while 
the stabilized thrombin method is dependent only upon the quantity of prothrom 
bin It may well be that fresh circulating prothrombin is mote active in its rap/dJty 
of conversion to thrombin than Jess recently formed prothrombin, while both, n£W 
and old prothrombin, still form the same amount of thrombin from a given amount 
of prothrombin It was pointed out by Overman and co-workcrs^‘ and by 
that dicumarol probably acts by inhibiting the formation of prothrombin in e 
liver through competition with vitamin K Dicumarol hypoprothrombmcmia « 
induced by slowing down the formation of new prothrombin Therefore, m t 
beginning of the treatment, the relative amount of old prothrombm in arculation 
will predominate over that of newly formed prothrombin, and a lower value is 
obtained with the onc-stage method than does correspond to the total amount 0 
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prothrombin present Upon stopping dicumarol new prothrombin is formed again, 
while the reserve of prothrombin in the circulating blood is relatively small As a 
result the relative amount of netsjy formed prothrombin will predominate over 
that of old prothrombin, and a higher value of prothrombin is obtained -with the 
One-stage method that does correspond to the quantity of prothrombm actually 
present Stmtlar results have been obtained by Hum and Mannt'' in comparing the 
one-stage method with the two-stage method of Warner, Brmkhous, and 
Smith ** 


Tnatmtnt of Pulmonary Embolism 

Twenty-seven patients were treated Thirteen of them had multiple emboli and 
Were first seen only after a recurrent embolization In none of these patients did 
‘lyspnca or cyanosis last for more than two days after the start of treatment, al- 
though g of the cases with recurrent pulmonary emboli were continually cy anonc 
and dyspneic from the time of occurrence of the first embolus till the second day 
^fter the start of treatment, i e , for a period varying from 5 to i6 days ^average 
7 days) In only i of the irj cases did a further infarction occur during treatment 
It took place on the eighth day, and symptoms were mild All patients recovered 
They were allowed out of bed 3 to 7 days after all of the following conditions had 
han fulfilled (i) absence of fever, (z) absence of blood in the sputum, (3) absence 
0 large amounts of pleural exudate (but a patient was never kept in bed because of 
^hc presence of a few friction rales), (4) absence of continuous pain (few patients 
ad still some slight pain on deep inspiration when first out of bed) Dicumarol 
therapy was contmued for i to z days after the patient had been ambulatory Ilhth 
this program the period of treatment in these xy cases was minimum 5 davs and 
tnaximum 30 days, average 16 days The average daily dose of dicumarol was iii 
The time of recumbency of the patients had no relation to the initial severity 
t> symptoms The shortness of the period of morbidity is outstanding, particularly 
tt IS considered that there was an exceptionally large proportion of severe cases 
*0 this scries 


A. 5^ ycir old nun \ms admitted because of a repeated pulmonar> embolus complicating 

om phlebitis He tsas in a state of severe cyanosis and dulled consciousness Respiration ss-as o c 

'TOC Stotes type the pulse ssas too weaL to be felt Big talcs could be heard from a 

*dtn™' * ^“'talizcd purpunc rash which ssas reported to have desxloped about three )s o'z 

iiion The thrombocyte count was j8o ooo per cu imn , 

c patient was given iinmcdiatclj o lao Gm papaverinchydrochlo-idc intraecnousls an vvj st 
* ^“’’'"'“Ous intravenous drip infusion of hepann in glucose (reo rag of hepartn per I'^e 
^ ent glucose solution) At the same time blood was withdrav -n bv venesection yoo tn > ^ 

font condition the purpura was ignored and dicumarol vs as sta-t-d Hepa 

"’v tvv enty four hours of treatment btran 

* condition improv cd rapidly Twelve hours after the treatment had fc"en ‘cn 

“^“pond to words the cj anos.s became less and the respiration regular The y-l = althoagb . iH -ca 

« itnjroving 

Cm,- *'°“cs the patient started to cough out a small amount of bkvjdv ra , .p 
^^^sn„sh.dfuilj returned djspnca hid d.s.pi^red cj anos.s v .Wzdrrf . 

iind on the fifth das there v,as no mm in ^ t 

P^ftcnc vrxs allovtcd out of bed and on the ninth das trcJtm'mt vias ‘ 
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I nutter of last rcjource anddicmnirolwuptoi, 

although thc^ticnt was having a purpuric rash on admission Within twelve hours of treatment ^hile 

heparin was being given the rosj purpuric spots became deep red in color At this ume the ptothtomki 

W« still too After interruption of heparin the purpura started to disappear while prothrombm to, 

falling to be maintained at a lev el of 35 No erythrocytes were found in the nnne at any ume dnnnt the 
treatment ^ * 


Thnmbophhbttts 

Seven cases, including 1 patients with thrombophlebitis during typhoid fever, 
were treated In all but one patient did local pain disappear within three days of 
treatment Some patients were seen first after having been suffering from the disease 
or weeks In all patients there was a regression of the extent of local tenderness 
om the start of treatment on In no case did pulmonary embolism develop The 
period of treatment was minimum 4 days, maximum 45 days, average ig days The 
average daily dose of dicumarol was 119 mg 

Arterial Eanhohsm 

There were only 4 cases of arterial embolism in this senes Three paaents suffered 
from myocardial infarction and contracted emboli in the pophteal artery They 
were given dicumarol and heparin ([the latter was disconnnucd when the prothrom 
bin level had reached 50) and in all of them the circulation had become restored 
within 4 days All patients recovered from the myocardial infarction One case of 
embolism of the retinal artery came to treatment only after vision had b*cn lost 
for two days, and no improvement was observed during treatment 

Fropbylacttc Treatment 

Five Cases were given dicumarol prophylactically' after surgical mtervennon 
Treatment was started on the second postoperative day and contmued until the 
patient was out of bed In none of these cases did thrombosis develop The period 
of treatment was minimum 3 days, maximum 8 days, average 7 days The average 
daily dose of dicumarol was iiy rag 

Kelatton of Dosage of Dicumarol to Cltmcal Condition 

The average daily dose of dicumarol was similar in all climcal conditions treated, 
although there were large individual variations The most sensitive patient (pure 
prophylactic treatment received a total of 400 mg during 8 days of treatment 
(average 50 mg daily), while the least sensitive patient (pulmonary embolism) 
received a total 012400 mg dunng iz days of treatment (average loo mg daily) 

Complications 

The only complication of dicumarol treatment is hemorrhage due to excessive 
hypoprothrombinenua In this scries there was only one case of bleeding (1 
cent) This was a wound hemorrhage in a cachcuc patient receiving prophylactic 
treatment As we desired, in this senes, to establish the usefulness of our method of 
control we have never hesitated to give dicumarol to patients with relative cOT 
am ications to the use of anticoagulant therapy (see the case of purpura desen 



L A STERNBERGEK 


1139 


above) We believe that the hemorrhage did occur only because of disregard of such 
contraindicaaons 


Cast Krpfirt A two-stage Lahey s abdominoperineal resection of a rcticulosarcoma of the rectnm was 
perfonned hy Dr Joseph on a 60 year old emaaated man Aitcr the second operation he was rather 
dehydrated and was lying in bed Iistlcsslj ssithoat making any spontancons movement Prophylactic 
dicmnaroJ treatment was instituted on the fourth postoperative day and continued until the eleventh 
postoperative day, as shown in the following table 


Date 

1 Prothrombin 

1 Dinmiarol (Gm ) 

August 11 

100 

i 

1 0 3 

August IX 

i 

1 0 I 

August 13 

! 

t 

August 14 

35 i 

1 

August 15 

*^5 ! 

1 — 

August 16 

*■5 1 


August 17 



August 18 

I a,m ix-5 


- 

9 a.m 17 1 



’The patient was very scnsiuvc to small doses of dicomaro! The blood tinged 
nctl wound was present before and during the whole course of treatment but the amount o 
iiiCTCiic tifltil A0ffast 17 On this day prochronibio waa itili falling Because of the anemia an g 

the patient was given a cransfnsion of 800 ml of banked “T, 

^’“insc this transfusion was not given for hypoprothrombinemia At i a m the o ™ 

(Aognst 18) 8 hours after this transfusion blood started to ooze from the operauve wood t , 

ptothroinbin was ix.5 Immediately thrombin** was iDjcctcd into the wound ^'*’*^ \ 

hlccding was instantaneous The patient was also given Hykinonc (menadione bisn ^,l„lrot 

Gm by slow intravenous miecaon Eight hours thereafter the prothrorobm ss-as 17 in*! bleeding 
*'°*r The patient made an nncvcncful recovery 

It may be possible that adnuaistranon of banked blood diluted the pa 

circulating prothrombin and thus imtiated the bleeding Also any o t e o ° 

contraindications to the use of dicumarol may have predispose to t c , 

(t) an extensive, infected, operative wound,™ (i) surgerj of the gastro-in 

tract,™ (j) dehydration and cachexia ’* m-idr In 

In all our patients repeated unnalyses for a search of cr> t roc) tes v ^ 
none did microscopic hematuria appear dunng treatment, vs 1 c in ^ more 

"ho were treated after surgery of the unnar> tract, hematuria never b- 
marked and often disappeared during dicumarol administration \\cll 

'^'ith the subihzed thrombin method it is possible to keep 1’ , ^ 

^■chm the boundaries of the therapeutic zone and variations 

todaj arc rclativclj small There were onl) j this v\ oulJ 

m this series, out of which onl> one (z per cent) had a hemorr age 
*'e been prevented, had we excluded eases with contrain ica 1 ^ 
ith the use of the one-stage method 16 6 to zy per centre averace 

countered,* and hemorrhagic complications occur in 4 / to -o p 
Sj Nr cent'* 
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Conclusions 

The stabilized thrombin method for the determinauon of prothrombin is the 
only procedure which determines prothrombin quantitatively and is independent 
of other coagulation factors Since it is independent of the activity of the reagents 
used, no normal controls arc necessary 
In using the stabilized thrombin method for control of the clinical administration 
of dicumarol rather constant hypoprothrombinemic levels could be attained, and 
daily variations of prothrombin were relatively small There were less hyper 
reactors and less hemorrhages than would be expected with the use of the one-stage 
method Rarely did a patient s prothrombin rise above the therapeutic range dnnng 
treatment 

The ease with which such safe and effective therapeutic levels can be maintained 
IS explained by the fact that, while the one-stage method is dependent upon a 
number of coagulation factors, the stabilized thrombin method is a direct qnanti 
tative estimation of only prothrombin 
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THE EFFECT OF FOLIC ACID ON THE TOXICITY OF ITS ANALOGUE 
^-AMINOPTEROYLGLUTAMIC ACID (AMINOPTERIN) 

By George M Higgins, Ph D 

IViil) the technical assistance of Muriel Stember and Harry Monsen 

E ver since Woods* described a competition between sulfamlamidc and pita 
aminobenzoic acid for an enzyme system related to the use of this vitamin m 
metabolic processes, widespread interest has centered on the s)Tithcsis of ana 
logues which are chemically related to a metabolite but which seriously inter 
fere with its normal function There arc now available a large number of these 
metabolite antagonists" which in very minute amounts seriously interfere with 
the functions of cell catalysts, such as vitamins and hormones 

Such antagonists or displacing agents have now been synthesized for cv^ 
known member of the vitamin B-complex Martin, Tolman and Moss’ prep 
the first antagonist to ptcroylglutaraic acid They produced mcthylfolic aci , 
which was shown to be an cfTcctive displacer of folic acid with a ratio of inhibi 
tor to metabolite of i 150 The growth-promoting action of pteroylglutamic aci 
for Streptococcus faccalis R was antagonized by this analogue 

Franklin, Stokstad, Belt and Jukes’ fed a crude antagonist, prepared by * 
quist and Smith, to weanling rats This preparation accelerated and 
the signs of pteroylglutamic aad dcfiaency in their rats, lowering hemog 0 *** 
levels and granulocyte counts and seriously impairing the maturation 0 ce s m 
the bone marrow These effects were all completely prevented, however, y 
addition of suitable amounts of pteroylglutamic acid to the diet Similar res ^ 
were obtained bv giving this same antagonist to mice and to chicks t ^ 
glutamic acid in appropriate amounts also prevented the appearance 0 is syo 
drome in these animals Welch and colleagues® provided the same cm e 
nist to a pig which was fed a purified diet They noted a retarded growt 
alopecia, anorexia, profuse diarrhea and severe anemia The mterfOTOce 
normal metabolism by the antagonist was removed by giving a cm c s 
extnnsic factor, essentially free of pteroylglutamic acid, together wit n 
human gastric juice 

More recently, another analogue of the vitamin, 4-aminopteroylgl'^i®*'j^^^ ^ 
known as aminoptcrin, has been synthesized’ and expenmentally test 
This analogue was produced by the replacement of the hydroxy group 
pteridine ring by an amino group, resulting in a much more potent ana g 
the y-methylfolic acid produced by Martin and colleagues 

Since conjugates of folic acid — namely pteroyltriglutamic acid an 
glutamic 'Cid — have been shown to produce an acceleration of t t c 
process in children it was concluded that the use of antagonists op 
tamic acid in such cases was certainly indicated Accordingly. Far 

From the Dn ision of Expcnmcncal Medicine Mayo Foundation Rochcatcr Minn 


ii^r 
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cagucs reported their early results of the use of the more recently synthesized 
Mtagonist, 4-aminopteroylglutamic acid, in the treatment of a senes of 16 chil- 
tM who had acute leukemia Marked clinical improvements were noted, and 
exerted on the immature cells of the peripheral blood, the spleen 
•ui lymph nodes However, the toxic effects which accompanied the use of ana- 
ogue were severe, including stomatitis and early ulceration 
Stickney, Hagedom, Mills and Cooper'" reported that administration of this 
^a ogue produced remissions in the clinical course of certain patients who had 
acute leukemia In some cases, however, improvement was not elicited Toxic 
symptoms, including stomatitis, diarrhea, alopecia and deafness, were recorded 
Jacobson, Levin and Holt" studied 10 patients with acute leukemia who received 
ai^opterin or methopterin (lo-methylpteroylglutamic acid) They concluded 
t methopterin was superior to aminopterin in the treatment of such leukemias 
w view of the fact that it was less toxic 
Pierce and Alt'" reported their results with aminopterin in a series of cases of 
acute leukemia Remissions characterized bv a severe marrow aplasia followed by 
^pid regeneration were obtained in 5 of the ii cases Berman, Axelrod, Vonder- 
ci e and Sharp" reported their results with the use of aminopterin in 9 patients 
'^ith chronic leukemia Although they recognized definite hematologic effects, 
)ective improvement in any patient was not claimed They, too, described the 
toxic effects which followed the admitustration of the drug 

ince all reports to date indicate that the severe toxic reactions which ensue on 
nunistration of this analogue must restrict any extended clinical use of it m 
*pite of Its therapeutic value, we undertook a study, in white rats, of some of the 
oxic manifestations of the analogue together with the modifications of those 
mactions which were induced when folic acid was given together with amino- 
ptcrin 


Methods 

Wty SIX young healthy male white rats sveighing from no to 130 Gm isere selecteJ from our 
icutc colony These were arranged into seven ^oups of 8 animals each so chat the a\ crage n eight o 
composing each group was essentially alike AH aoimah were maintained m metal cages 

screens thus greatly restricting coprophagy Our standard laboratoiy ration uas pro'i a 
cum and water was available at all times in water bottles attached to the cages 
* of the sc\cn groups served as test groups and one as an unin)cctcd (.ontrol \rainoptcnn wa 

^ciisalcnt to 50 micrograras daih and folic acid was gi'cn s r ^ 

tube daily The various test groups were arranged as follows each animal m group \ receded 


aaiiy The various test groups were arranged as follows each animal 1 gr } 
n^tcrin alone Each animal m group B rccciscd the same amount of ammoprerin plus 5 nc ' 
^cmmoptcrin plus 10 mg of folic acid Group D rcccis^ ammoprenn p u^ 


of folic 
Jo Dig off 


f folic 
ng 


*^*d Group E rcccncd aminopterin plus 30 rag of folic acid Group Frccci' d am^ir p p 
^ folic acid The animals of Group G were given neither amin <pcc m r ir fi lis a'-*'- 


normal control group j 

and I the heart bIcKxl of all sur\ 'sinq animal wj ampicd an^ c n-i h. 

cu oc)tc tabulations and the differential distributions were rci.ord'^ Each an a ^ ^ 


' and the sple en adrenals and thsmus were removed and wcicheJ trap 

Iglutamic acid was made available for lur b' Le-c' L- 
'^''carccxtrcmclj grateful 


- I- 
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Done mirrow imprinu were made of samples of marron obumed from the distal third of the frimir 
These imprints were suined by the May-Grflnssald-Giemsa technic 

Results 

1 BaJj Weight Changes The changes in the weights of these test animals given 
aminopterin and the influences exerted bj varj ing daily amounts of folic acid are 
shown in figure i For the first three da}s, increases of weight were recorded for 
all animals, but those receiving the analogue without the vitamin gamed only 
2. Gm during that three-day period Greatest gains were recorded by the animals 
receiving the analogue plus 5 mg of folic acid, although all vitamin-supple 
rnented rats gained more than the controls, which were fed the standard ration 



plus varying amonnts of folid aad 

and given neither analogue nor vitamin The data indicate, for the first three 
days, that the analogue was not seriously toxic and that even the s 
amounts of the vitamin counteracted its effects 

After the third day, however, the toxicity of the analogue was clear y 
cated A severe loss of weight occurred on the fourth day in all animals recciv ^ 
the analogue alone (group A), and 5 mg of folic acid was inefiectivc in pre ^ 
mg loss of weight Gams of weight, however, were recorded for all amm 
ceivmg the larger amounts of vitamin Ten milligrams of folic aad dal y 
to inhibit the toxic effects of the analogue after the fourth day, and lO 
vitamin did not prevent the loss of weight induced after the fifth day ^ 
milligrams and 50 mg of the vitamin when given with the analogue mainta 
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body weights dunng the fifth and six days, but increases of weight were not 
recorded 

1 Gnss Appearance The marked contrast in the appearance of animals receiving 
anunopterin alone and those receiving the analogue plus the vitamin is clearly 
portrayed in figure ue and b The rough coat, the stained hair, the encrusted eye- 
ds and ears, and the extreme diarrhea were all prevented, during the six-day test 
ponod, by the admimstration of 30 mg of folic acid daily by mouth together with 
tbe.dailv mtrapcritoneal administration of aminoptcrin 



S 0 folic acid daily for six days 


3 Food Intake Extreme anorexia was not evident until the third day of the tot 
I^'od, but the average intake of all animals taking the analogue without the 
''itamin was less than I Gm a day (fig 3) The addition of 5 mg ofthcMtamin 
‘Emulated the appetite only slightly, although 10 mg daily increas t c o 
e to more than three times that of animals taking the analo^c a one an 
3 ° nig of fohe acid, when given with the analogue, so stimulated the appetite 
^ to maintain an average food intake in excess of 9 o Gm daili o\sc\er 
c amounts given, folic acid did not so nullify the effects of its ana ocu- 
^"■ntain appetites in any test animal equal to those of animals constitut.nc - 

•^^wted control group 

•4 T't^n^e.^btoftbe Adrenal Glands The adrenal glands invariabh reflect unto- 
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ward reactions of an organism to toxic substances Hyperplasia of the adrenal 
cortex, together with marked atrophy of the thymus, constitutes part of a syn- 
drome embracing the reactions of an organism to unfavorable environments in 
duced by a number of different factors In this test, too, of the toxicity of ammo- 
pterin, the increased weights of the adrenal glands indicated an untoward reaction 
of the animals toward the drug 

The combined weights of the adrenal glands recorded at necropsy of aU sur 
viving animals of all seven groups on the sixth day are graphically portrayed 
(fig 4) The average combined adrenal gland weight of all control animals was 
10 o mg but in the group given aminopterin alone (A) the average combmed 



Fio 3 — The degree of anorexia indneed in animals by giving aminoptenn and by giving aminoptenn 
plus varying amounts of folic lad 


weight of the adrenals was slightly in excess of 51 o mg The addition ° ° ^ 
5 o mg of folic aad daily reduced the average combined weight of the a ten 
glands to 41 5 mg , and the administration of 30 mg of folic acid dally to ani 
given the analogue resulted in restricting the weight of both adrenal 
18 o mg The administration of 50 mg of the vitamin daily was less effective 
that of 30 mg in restncting hyperplasia , 

5 The Weight of the Thymus Atrophy of the thymus constitutes a part ° 
syndrome which ensues within an animal on the administrauon of toxic 
ful substances, so that atrophy of the thymus usually accompanies adrenal yi^ 
trophy The data obtained by weighing the thymus of all animals at necropsy 
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A'Aminoptepin alone 
B C D E F-Aminoptepin plus 
folic acid 

G- Controls 


tt t U lUKI H IKI - l U .IJ l . ! 1 ! U ( J JUJJ Li P 

tain plnj y ''8^^ of the idrenal glands of aiunials receiving aisiooptcnn and those receiving aminop 
Effing atnoonts of folic acid, when the animals were Lilled on the sixth daj 

A* Amlnoptepin alone 
B,C DE F-Amlnoptcpin plits 
11,400- folic aciJ ^ 

^ Vi “ Controls ///?/ 

^ 300 - -JmA 



rlittvaryi of the thymus of aomuls receiving amiaopterin and those rcccinci: amir-'p-^n 

5^niounts of folic acid when the animals we re Lined on the sixth dav 

rtenn^ d" 5. and photographs of the glands of z animals receiving amino 

*^0WTi(fi receiving aminoptcnn plus 30 mg of folic acid daili arc 
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The average VFeight of the thymus of the 8 control animals (group G) was 
slightly less than 400 mg , while that of animals receiving aminoptcrm alone 
(group A) was slightly less than 130 mg The range of thymus weight of ammals 
within group A extended from 39 6 mg to 196 8 mg The administration of the 
vanous amounts of the vitamin (ptcrojlglutamic acid) had a considerable infln 
ence on restnettng the extent of the atrophy, but the daily administration of 
30 mg of the vitamin resulted in maintaining an average thymus weight of 310 5 
mg , a figure considerably less than that recorded for the control animals 
(group G) 

6 Thi Weight of the Spleen The size of the spleen is ordinarily not a rchablc 
etttenon for recording systemic reactions A vascular organ, with capillanes and 
venous sinuses, the spleen is subject to rather rapid changes in size, correlated with 
the extent to which flmd or other blood constituents are sequestered within it 
Splenic size varies considerably with the anesthetic agent used Ether has a con 
stncting effect on the organ, while pentobarbital sodium (nembntal) will ordi 
nanly dilate the sinuses and enlarge it 



Fio 6 — -Thymaj of aminals rccaviog anunopteno withont folic aad OcfO ^ anumls rccauag 
aminoptcna plui 30 mg of folic «cid duly fright) 



Since the data herein reported were obtained on animals correspondmgly c er 
izcd, there is reason to believe that they constitute a reasonably 
of the spleen to the expenmental restrictions imposed by the study c 
assembled on the weights of the spleens of all animals are given in figure 7 
Smee aminopterin inhibits blood cell formation, it is obvious ^ 

a blood-forming organ, would be affected by this drug Our data in icate 
vaxiabihty in the size of the spleen in animals receiving aminopterm alonc^ 
A) In some instances the spleen appeared as a narrow pale band of ^ U 

mg as little as 91 8 mg , in others it was more nearly normal, and in one ^ ^ 
weighed 408 4 mg The average weight of the spleen encountered tj,c 

z 66 o mg , which is considerably less than the average weight rec p. 

control group G, namely, 600 o mg Photographs of the spleens ° ^ 

ccivmg the drug and of those of x animals receiving the drug plus e 

shown (fig 8) i,o,r recorded for the 

As in the data assembled on adrenals and thymus, so m tno 
weights of the spleens of the vanous groups, folic aCid m c a 
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A- Aminoptepin alone 
B C.D E,F>Aminoptepin plus 
folic acid 


G” Controls 


no 7— Weights of the spleens of ininuls receiving aminoptcnn and those receinng aminoptcrin 
P 0* varying amounts of folic acid when the animals sverc killed on the sixth day 



0 S Spleens of animals receiving aminoptcnn svithout folic acid Cl ft"' arJ c 
°Fcrin pJej jq folic acid daily (right) 
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The average weight of the thymus of the 8 control animals (group G) was 
slightly less than 400 mg , while that of animals receiving anunoptenn alone 
(group A) was slightly less than 130 mg The range of thymus weight of animals 
within group A extended from 59 6 mg to zg6 8 mg The administration of the 
vanous amounts of the vitamin (pteroylglutamic acid) had a considerable infln 
ence on restricting the extent of the atrophy, but the daily admmistranon cf 
50 mg of the vitamin resulted in maintaining an average thymus waght of 3103 
mg , a figure considerably less than that recorded for the control animals 
(group G) 

6 Tic Weight of the Spleen The size of the spleen is ordinarily not a rchable 
criterion for recording systemic reactions A vascular organ, with capillancs and 
venous sinuses, the spleen is subject to rather rapid changes in size, correlated with 
the extent to which fluid or other blood constituents are sequestered within it 
Splenic size vanes considerably with the anesthetic agent used Ether has a con- 
stricting effect on the organ, while pentobarbital sodium (nembutal) will ordi 
narily dilate the sinuses and enlarge it 



Fio 6 — Thymtij of animals receiving amiooptcnn without folic aad (left) and of animals tccannf 

anunoptenn pins 30 mg of folic aad daily (nght) 

Since the data herein reported were obtained on animals correspondingly ether 
ized, there is reason to believe that they consatute a reasonably 
of the spleen to the experimental restncuons imposed by the study = 
assembled on the weights of the spleens of all animals are given in figure 7 

Since anunoptenn inhibits blood cell formanon, it is obvious that ' 
a blood-forming organ, would be affected by this drug Our data in m 
vanabihty in the size of the spleen m ammals receivmg aminoptam 
A) In some instances the spleen appeared as a narrow pale band 0 ,t 

mg as little as 91 8 mg , m others it was more nearly normal , an m ^ ^ 

weighed 408 4 mg The average weight of the spleen encountered or 
2.66 o mg , which is considerably less than the average weight reco ^ 

control group G, namely, 600 o mg Photographs of the sple^ vitamin arc 
ceiving the drug and of those of 1 animals receivmg the drug p us 

shown (fig 8) ,i,rKe recorded for the 

As m the data assembled on adrenals and thymus, so in jmounts gi't® 

weights of the spleens of the vanous groups, folic and in 




vityjg, ' jpleaiJ of animals receiving aminoptenn and those receiving aminopterin 

oots of folic acid, when the animals were killed on the sixth dap 
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miintaincd more ncarlj normal racights than jn group A Five milligrams of the 
Vitamin everted a considerable effect, but 30 mg daily maintained m group E an 
average spleen weight (515 o mg ) closel} approaching the average weight m the 
untreated controls 

7 Tie Changes in Leukocytes tn the Peripheral Blood Aminoptcrin marLedly re- 
stricted the total number of Jeukoc) tes in the peripheral blood of these young 
rats In a senes of 6 rats, selected from the same age group as those used to test 
the effects of this analogue, and known as a preinjection control group, the total 
leukoc} te count was 14,000 cells per cubic millimeter of blood Of these, approxi 



Absolute numben of lymphocytes 
I ~ 1 Absolute number of ncutnophilic leukocytes 

Fio 5 — Discnbutioa of leukocytes in the peripheral blood of normal numils thoierccunDgai^^ 

tenn and those receiving anunoptertn plus vary mg amounts of fohe aad daily on the sucth day 
cipenment 


matcly 11,000 were lymphocytes and 3,000 were neutrophilic 
small percentages of eosinophilic and basophilic leukocytes and monoc) w 
present The data herein reported are restricted to a consideranon of the r 
in the absolute numbers of lymphocytes and neutrophilic leukocytes ^ 
imlhmctcr of blood imposed bv aminoptcnn and of the influences j 

mg the varying amounts of folic acid to such aminoptenn-trcatcd omta ^ 

Six days of the intraperitoneal injection of the analogue, m ^o^tes to 
leered, reduced the total numbers of lymphocytes and ncutrophi ic c 
3,800 per cubic millimeter of blood ^ccepang the data of the 
gfoup as standard, or representative of the blood of the test groups 
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tioDs began, it is obvious that aminoptcnn restricted both categories o w itc 
blood cells The total number of lymphocytes dropped from a level o ii,ax> to 
one of 3,300 per cubic millimeter, and the total number of neutrop 1 ic eu o- 


is 7 , 
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Fio 10 ^Imprints of the femoral bone marrow ^ Normal ^t ^ foil a “ 

«>lr for SIX dajs c Animal rccciMng aminopterm dail> for ^ ^ r- r '*''C 

rccciMng ammoptcrin dail) for six dajs plos 30 mg o o i 
»®inoptcrin dail> for six da> s plus 50 mg of folic acid dailj 

- „r cubic milhf^' cr The 

dropped from a lesel of 3,000 to one of 300 cells ^ 

*niallcst amount of the iitamin administered (5 mg c'e\a c 

^'ct on the total number of neutrophilic leukocites u 
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the total lymphocj tc count For reasons difficult to interpret, lo ing of the vita 
min daily resulted in a considerable increase in the total numbers of neutrophilic 
leukocytes up to 1,100 cells per cubic millimeter — and 3,800 lymphocy tes for 
the same amount of blood, while those animals receiving the larger amounts of 
the vitamin 10, 30, and 5c mg rcspectivcl} — had lesser numbers of neutrophilic 
cells Increased numbers of lymphocytes, however, were found to occur in animals 
receiving 5c milligrams of the vitamin daily (group IQ, nearly approximating the 
lymiphocytc level which obtained in the postinjcction control group (G') 

8 Tht Bont Marrow Imprints of bone marrow from the distal end of the femur 
were obtained at necropsy from representative animals of each group These were 
stained by the May-Grunwald-Gicmsa technic Figure 10 rather well portrays the 
changes which ensued when the analogue was given and the modifications of 
these changes which followed the administration of the varying amounts of the 
vitamin together with the analogue 

Normal rat marrow contains cells of both the erythroid and the myeloid senes 
in vary mg stages of maturation (fig lOdQ Attempts were not made m the present 
study to establish changes in the percentage distributions of the various cellular 
categories, but it was clearly obvious that marked inhibitory changes were in 
cited A glance at the marrow preparauons of animals receiving the analogue for 
the SIX days (fig loi) shows how completely the maturaaon of the myeloid cells 
had been suspended These imprints show that the marrow, in the region cxaminBl, 
was composed of cells almost exclusively erythroid, although a very few early 
myeloid forms were present 

The administration of 3 mg of folic acid to ammals receiving the analogue in 
cited a slight myeloid response (fig loe), although the smears indicated that the 
marrow was still largely erythroid But there were larger numbers of myelocytes 
and metamyelocytes tn the imprints sumulated by the added small amount of vita 
min The response of the bone marrow to the incrcasmg amounts of folic acid wm 
more nearly proportional to the amounts injected than in any other organ observed 
As the amounts of the vitamin were increased, the percentages of myeloid cel s 
in the marrow were correspondingly elevated When 30 mg of the vitamin were 
given, larger numbers of immature myeloid cells were identified in the ii^n^, 
and their maturation resulted in many fully mature granulocytes (fig 1 Q 
oral administration of 30 mg of the vitamin resulted in the retention of a marrow 

pattern which was entirely normal (fig toe) The numbers of mature granu ocy t 

appeared even to exceed those accepted as a normal distribution 


Comment 


This study, incomplete though it is with respect to ail the many ot cr 
acuons induced by the analogue, was undertaken to determine the extent ' 
the vitamin, folic acid, would counteract the untoward effects of t c ’ 

A-aminofohc acid The therapeutic effects of this folic acid antagonist arc 
cicnt value clinically to warrant studies directed toward a modification o 
symptoms which accompany its use If the analogue coul c so mo 
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restrict the extreme degrees of enteritis which develop on its administration and 
yet retain the marked inhibitory effect on the development of myeloid cells in the 
bone marrow, its effective clinical use would be assured 
By the administration of the vitamin together with the analogue we have demon- 
strated satisfactorily that, for a certain period, a given amount of vitamin will 
completely nullify a given amount of antagonist The toxic reactions which were 
so severe in animals of group A, given aminopterin alone, included anorexia, 
aton) of the entire gastro-intcstinal tract with gastric and intestinal distention, 
marked diarrhea, adrenal hyperplasia and atroph} of the thymus, spleen and bone 
marrow, with resulting leukopenia 

Partial remission of these disorders was obtained by giving small amounts of the 
vitamin daily, but larger amounts, 30 mg daily, essentially inhibited the destruc- 
tive effectiveness of the analogue in all of the categories enumerated To be sure, a 
complete return to normal gland weights and to normal blood levels was not at- 
tained in all animals receiving that amount of folic acid daily, yet the gross ap- 
pearance of the animals, the character of the gasrro-intestinal tract, and the re- 
stored appetite all certified to the general deduction that, for the six-day test 
period. It required 30,000 micrograms of folic acid daily to counteract the toxic 
effects of 50 micrograms of q-aminofolic acid daily This is a ratio of inhibitor to 
metabolite of i 600 

The toxic effects of aminopterin arc not immediately evident on its administra- 
tion For three days, animals showed no ill effects of its intrapcritoncal administra- 
tion Then, extremely rapidly, even over night, all the foregoing toxic manifesta- 
tions may present themselves This delay in the onset of symptoms, we presume, is 
oc to the presence of a reserve of folic acid in the organism at the outset of the 
^*P^’®^tit It may be that as soon as the analogue had destroyed this reserve of 
to vitamin, the toxic symptoms appeared And yet these symptoms cannot all 
scribed to a folic acid deficiency, for we arc not aware that they ensue to this 
extent in animals fed diets deficient in folic acid Nevertheless, they did not dc- 
vc op when large amounts of the vitamin werefed, for the six-day period, together 

'vith aminopterin 

Although this report covers a short-time study of the relationship of the vita- 
™'n, folic acid, to the toxicity exerted in rats by the antagonist, aminopterin, and 
O'vs unquestionably the inhibition exerted by the vitamin for a six-da) period, 
let vve have other data which show chat this inhibition was not effective indcfi- 
tc 3 Our results show that the characteristic syndrome incited b) the amounts 
aminopterin we administered, was not inhibited for periods longer than fourteen 
a)-s b) giving 30 mg of folic acid daily We have not extended our observations 
o include the results of giving 50 mg of the v itamin for the longer penod Reasons 
r the failure of the vitamin to inhibit the antagonist for longer periods are not 
'«r It maj be that further increase of the amounts of fohe acid could weM an- 
^onne the analogue, so as to restrict permanent!) the onset of the tovic effects 
shi " f for much more research on the functional interrelation- 

'ps o this V Itamin and its powerful antagonist, aminopterin 
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Sdmmahy and Conclusions 

A studj of some of the toxic reactions of 4-aaunofoIic acid together with the 
modifications of these reactions induced by giving varying amounts of folic aad 
dally to white rats is reported 

Seven groups of young male rats ranging m weight from no to 130 Gm were 
arranged Aminoptcrin (4'^®mofohc acid) was given intrapcritoneally, m amounts 
equivalent to 50 micrograms daily, to all rats of six of these seven groups Folic 
acid was given by mouth to these animals in such amounts as to provide 5, lo, 10, 
30 or 50 mg daily to each animal respectively of five of the six groups receiving 
aminoptenn One group received the analogue without the vitamin One group of 
8 animals received neither the vitamin nor its analogue 

Observations continued for six days, when all surviving animals were killed and 
necropsy was performed Data were assembled on the appetite, body weights, the 
weights of adrenals, thymus and spleen, the distribution of leukocytes in the 
peripheral blood and the changes in the bone marrow The followmg conclusions 
seem warranted 

I Aminoptenn is extremely toxic and incites within six days anorexia, extreme 
diarrhea with atony of the entire gastro-intestinal tract, adrenal hyperplasia, 
atrophy of the thymus and spleen, and an inhibition to development of myeloid 
cells in the bone marrow 

1 Small amounts of folic acid are essentially without effect on the toxicity of 
that amount of the analogue we chose to administer 

3 Larger amounts of folic acid daily (30 mg ) proved effective in essentially m 
hibiting the development of the severe toxic reactions for the six-day penod 

4 The severe toxiaty of aminoptenn docs not manifest itself until the third or 
or fourth day of its daily administration The onset of these symptoms is thereafter 
extremely rapid 

5 Thirty milligrams of folic acid daily will not indcfimtely counteract the toxic 
symptoms induced by 50 micrograms of aminoptenn In our cxpencnce, within 
twelve to fourteen days, the charactcnstic syndrome will appear in spite of the 
continuous administration of the vitamin 
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erythrcx:ytopoiesis in the nervous system of the 

EMBRYONIC RAT 


By Matthew Beocx, M D , Ph D 


I N THE course of cxpcnmcnts to influence embryonic hematopoiesis m rats’ 
the constant occurrence of erythrocytopoiesis in vanous parts of theembr}oaic 
central and peripheral nervous system was observed The following is a description 
of erj throcytopoiesis occurring in this site and indicaung its ongin and relation 
to cr)Throcytopoicsis m other sites of the rat embryo and a discussion of the im 
plications of the existence of this previously undcsenbed site of erythroblasnc 
activity The histologic descnption applies to both normal embryos and to those 
subjected to various stimuli to modify hematopoiesis since the microscopic ap- 
pearance of the tissues in these two groups was identical in all embryos of corres- 
ponding age 


Matebial and Methods 

The ages of the embryos and the stimuli used to modify hematopoiesis have been 
described in detail in a previous investigation ’ In bncf, there were 15 rat embryos 
in the cxpenmental senes varying from 8 to 18 days of development svith most of 
the embryos being 14 to seventeen days of development The pregnant rats were 
subjected to the following stimuli in the cxpenmental senes, injections of sapo- 
toxin, phenylhydrazine, dinitrophcnol, concentrated hver extraa and Ev^ 
blue, feedings of thyroid extract exposure to chloroform vapor, and repearco 
withdrawal of blood by cardiac puncture 

At least one normal embryo was studied for each day of mtrautenne development 
until birth on the twenty-first day of gestation Dunng the fourteen to seventeen 
day penod at least two normal embryos were studied for each day of dcvclopi^t 
In addiuon, in the laboratory of Professor WiUiam Tahaferro of the ParKito ogy 
Department, rats known to be BartoncUa-frcc were mated and 16 an 17 
embryos were obtained for study ,0 

The embryos were fixed for two to six hours m Zenker-formol, 
mtro-ccllulosc and cut senally at 8 micra The slides were stained wit c 
toxylin cosin-azurc H and Malloty-azan Some slides were imprc^at > 
of the Biclschowsky technic for reticular fibers and countentaincd wi 

azan 

Microscopic Observations 

Eleventh Day The central nervous system consists of a Z 

made up of undiffereutiatcd neuro-cpitheUum, and which sep 

From the Department of Med.onc Umvemry of a.cago f , ^(,0, Memor.al Fnnl of ih- 

ms work^Tded by a «r«t from the Dr Wallas C Oncer Society on r-tom 

University of Chicago Sopjxirtcd m by a ^nt f™” 
mendation of the Committee on Grosvth of the National Research Co 
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sarroQDding mcscnchjTnc by an external limiting membrane The cerebrospinal 
sad sjtnpathetic ganglia arc also made up an undifferentiated ncuro-cpithclmm 
'i ascnlarization of the central and peripheral nervous sjstem has not yet begun 
The cells of the ncuro-cpithclium and of the mescnch)Tnc resemble each other 
quite closely but may be distinguished with some difficulty The former have a 
smooth homogeneously stained cell body which has a rectangular or oblong shape, 
latter have a finely vacuolated cell body that is irregularly stellate in shape 
e chromatin particles in the nuclei of the neuro-epithelial cells arc heavier 
and fewer in number than in the mesenchymal cells 

Daji Neuroblasts, are now recognizeablc because of the presence of the 
I uractenstic oval nuclei with smooth fine nuclear membranes and round nucleoli 
addition, in favorably oriented sections naked axoncs may be traced from 
bodies of these cells into the mesenchyme The supporting cells (^spongio- 
asts) of the nervous system at this stage have not differentiated into the various 
of glia In contrast to the mesenchymal cells, the ncuro-cpithchal cells 
art arranged in epithelial sheets, even in the ganglia The ncuro-cpithelial cells 
®ay still be discriminated from the mesenchymal cells by the previously described 
Wtena except at the edge of the ganglia and along the ongin of the nerve roots 
where the neuro-epithclial cells lose their shcetlike arrangement and the individ- 
tells become somewhat stellate 

®y the twelfth day capillaries have begun to grow into the central nervous svs- 
and peripheral ganglia Numerous mitoses are present in the endothelial cells 
this point the external limiting membrane of the central nervous sysrem seems to 
^ pushed in by the capillary endothelium and reflected over the outer surface of 
t endothelium In the central nervous system, the endothelial cells rest directly 
against the surrounding neuro-epithelium At this time there arc no pcnvascular 
|Paccs and no perivascular mesenchymal cells (fig la and b) There is no evremal 
'“utrng membrane in the ganglia and the vessels seem to penetrate directly in 
^een the ncuro-cpithclial cells 

The endothelial cells (fig la) at this stage of development may be separated 
the supporting ncuro-cpithclial cells (fig ib) by the following crirena 
"f "“clcus of the endothelial cell (fig la) has finer, sharper chromatin particles 
^ niorc irrc^uJar and Jarger nudeolus than the neuroepithelial cells ^ ^ 

^ nuclear sap is paler in the endothelial cell nucleus and the nuclear 
^ hner and sharper The endothelial cell o'topbsm extends parallel to the lon^ 
of the vessel in contrast to the irregularly stellate, poorlv demarcated spoaci^ 
cytoplasm However, it must be emphasized that these differences althouch 
P'^sent, arc minute, cspcciallv in the ganglia Dunng the 


cUv and th- 


the ncuro-cpithclia! cells, except for the Schwann c 
^ itc cells supporting the neurones of the ganglia max be c^parar^ rom 
^^nch)-inal cells without difficulty ^ i 

,1 7* stage of dcvcloptrcnt, the circulatinc blood cells are a ^ ^ 

" ^'ood islands of the voIL sac Practicalh all of these cells a" 

^ '‘^bromatophil primitive en chroWasts (fic whtsh were hi'm- t 
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Fic i-B«AmorAiiDAT&«»TO Photograph 45° X 

cells (c)PolychronutophilpntmuvcerythrobUst ”,„x Fto j-B./itora 

5;robUstLmttos.s F.o x -Baxt. or a .3 Dar Er„aro PhW cell (c )0 

^DAvE«.aro Photograph 450 X a) Pertva^lar m^ch^^C ^ 

thochromauc pnm-usc crythroblast of the ctrculattog blood (d; Neo 
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mamchymc in the }olk sac after passing through a nnnu- 

stigc ' ’ » In this process almost all hemoc} tobJasts have devc oj^ P 

uve etythroblasts so that onl> rarely does one find a cmocyto prolif- 

thc circulating blood The crj throblasts continue to increase 
erition pnmanly in the y oik sac vessels but also to a linute exten 

wficsmchjiDc ae this time consists exclusrvelj' 0/ '‘’“''j 
swchtd mcscnchnil cells, these is .0 ee,de.« of 

or histioid wandering cells C^mbryonic macrophages;, mnnirtic activity 

Foitsis The liver snliei, pmsent, b»t lu yet, m.n.fesu 
The sole hematopoietic organ is the yolk sac, which is at t is 
the circulaung blood cells of the embryo nervous srstem 

ra,W Day Vasdanzatioo of the central 
has progressed to such an extent that they arc supp ic ^Jnfhrlial cells and 

mosing capillanes The cytologic differences bcrvycen t e become 

the spongioblasts (supporting cells) of the centr distinguish man> of 

more obvious But in the ganglia it is still imp „nnortiae cells of pre- 

thc cells of presumed mesenchymal origin from many o t = s p 
sumed neurLpithclial origin The Schwann cells cnsheathing the nerv 
still indistinguishable from the surrounding mcsenchyiM cc s nervous 

A. significant change is observed in the neuro-cpit e ° ground the 

system the cells have become much looser m arrangemen 

vessels (fig z) This is probably not artefact since it ^jjjbrj o including 

location and is absent around blood vessels in other pa ^ s Silver impregna- 

thc ganglia It is the area in which Held s space will oc collagenous 

tion and Mallory-azan stains fail to demonstrate an> 

fibers supporting the vessels at this stage of or fourteenth da) 

A new feature makes its appearance during ^ ^ along the vessels in 

■when perivascular mesenchymal cells (fig 3 ^^ ° ^'^this ingrowth is alwa>s 

the central nervous system As in all other ^j^jj^rro The pens ascular 

more advanced in the antenor chan posterior part ° ^ ^ ^ jb) between it 

ttcscnchymal cells lie in close contact with the en ot e These cells are 

and Held s space and so occup) the future Virchow o nenous svstcra 

first seen along the entrance of the blood vessels migrating into the 

Occasional!) a perivascular mescnch)mal cell ma) ^ found 

tcntral nervous system as evidenced b> the fact that mcsmchvmc 

■n the central nervous system and the remainder in t (-nJothcIial cells o' the 

"Oicrc IS no evidence that these cells arc denved torn ,\t this stage Mann's 

spongioblasts, or any of the cells of the circulating ° presence of reticula' 

atan stain and silver impregnation still fail to demons 

fibers around the vessels in the central nervous svstem basophilic so-r 

"fhe penv ascular mesenchymal cells (fig 3b) have a nu^lea' me^b'-ee 

"hat vacuolated cv coplasm The nuclei have a hcav 1 Trev a'e simil-' t ’ 

and dark compact chromatin particles m a dark nuc 



ERYTHROCYTOPOIESIS IN EMBRTl ONIC BA T 


the histioid wandering cells (enibr)onic macrophages) ofMaximow which have 
begun to develop heteroplasticall) from mesenchjmal cells all threrugh the body 
mesenchyme except that the latter have a more clearly demarcated cell border, 
a more coarsely vacuolated cytoplasm, and may be irregularly arcular m outhn 
instead of outstretched like the perivascular mesenchyTtial cells 
At this stage active proliferation of pnnunve ery throblasts is still going on m 
the yolk sac sinuses Rarely, basophilic definitive cry throblasts and hemocyto- 
blasts may be found extras ascularly in the y oik sac ' Most of the pnmitive eryth 
roblasts in the circulation arc in the late poly chromatophil or orthochroinanc 
stage (fig }c) Hcmocy toblasts (myeloblasts) arc extremely rare in the circulating 
blood Definite cryTihrocytopoicsis has begun in the hver Most of the hemato- 
poietic cells in the liver arc hcmocytoblasts or very y oung basophilic defimnve 
cry throblasts There is no sign of hematopoiesis in the diffuse mesenchyme of the 
embryo 

Fourtetnth Daj This period of development is marked by an mcrcase m number 
of the perivascular mesenchymal cells so that almost all of the vessels in the central 
nervous system display a conunuous layer of these cells Typical histioid wander 
ing cells arc also found scattered in small numbers through the neuro-epithchum 
without any relation to blood vessels in the central nervous system 

The situation in the syrmpatheue and ccrcbrospmal gangha is dific^ to 
cluadatc The capillaries seem to lie directly agamst the supporting cells of e 
neuroblasts and only rarely are perivascular mesenchymal cells to be seen except at 
the edge of the ganglia near the mcscnchycme Here it is sail impossible to separate 
the supporting cells of neuro-epithclial origin from the mesenchymal cells by anyo 

the cytologic technics used , i r rht 

Ftftemtb Daj Hcmocytoblasts arc occasionally found cxtravascularly 
first time in the central nervous system and gangha of the embryo One may 
isolated transitional stages between mesenchymal cells and perivascular mesenc y^ 
mal cells and hcmocytoblasts (fig 4 a) and between the two ^ “ 

hisuoid wandenng cells in various parts of the nervous system Tne e y 
blasts and hisuoid wandering cells arc suU found primarily m a 
locauon in the central nervous system and near the edge of the gang a 

»a h,»»d 

cells IS also present throughout the diffuse easier 

The origin of the erythrocytopoiesis in the centrid derived 

to trace than m the penpheral nervous system because the er^ , ,,obIast or 
from the perivascular mesenchymal cells aft^ passing eell may 

hisuoid wandering cell stage, and becaimc the j spongioblasts 

be clearly differenuated f 

However, in the gangha the supporting cells fhable on cyto- 

and the mesenchymal cells ok so similar as to have sharper, 

logic grounds (fig 4^ " c) genera , but in many instances 

smaller chromaun, paler nuclear ”P j ^d it is therefore sometimes 

these disuncuons do not seem to be demonstrable an 



d 



( %\ 




1 

c 


Fjo 4 Fimi CtASiAL Ga guon or 

^oiu,Uiagcbcc\ cen a racvcnch) mal cell andahcni'K:) - 

(d) Intravajcular orthochromatic pnmitnc cr^rhrobla^ts 


r A 15 D^t CMH.ro Omcra luuJa drai ing ^ 

andahcm.^tobUit (b Nrun.-cpirhdial cell (c)Mc 


®^turation in the nervous system and body mesenthyme at the same 
f^pect to the anterior posterior axis in any one embryo 
Smemh to Tuary-first Day The precursors of the erythroblasts t e 

(hcmocytoblasts and histioid wandering ccUsJ have begun to nervous 

oefinitive erythroblasts (fig 5 c) Apparently all the hcmocytoblasts in t c^ 
system differentiate into erythroblasts, but, as in the loose mcscnc y . 
histioid wandering cells remain scattered through the central nervous sy 
The maturation of the erythroblasts of the nervous system is gme 

to that of erythroblasts in the embryonic liver and mesenchyme, 

3nd adult bone marrow They arc all of the definitive erythrob ast 

to the primitive erythroblasts which were formed intravascular y in ^ 

only’ J « anj which arc the first circulating blood cells of the cm nucleoli 

The more immature basophilic erythroblasts have rather large aci op 
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and a small amount of chromatin in large vesicular nuclei surrounded by densely 
basophilic cytoplasm (fig 5c) In the course of maturation the large nucleoli breil 
down into many smaller ones, the chromatin particles begin to assume a checLer 
board pattern and the cytoplasm becomes less basophilic so forming the poly 





Fio 5 — Lautna TEiinNAUi or a i6 Dat Embato Camera lacida drawing lino ^ 
ihclral cells (b) Hcmocytoblast (c) Immatore definitive basophilic crychroblasc ( J 
orchochromaac pmmavc crythroblast 

chromatophil and orthochromatic crythroblasts (figs 5 and 6) Under th 
power the nuclei of the latter appiear quite dark (fig 7 ^) Mitoses 
frequent (fig 6c) „ jj|)s 

At this stage the erythroblasts may superfiaaily resemble the support 
of the nervous system The latter have more delicate chromatin partic , 




•Soo ✓ SmFATturnc Gavouov or a i6 Dat Emiito Omcta (j^finiave 

Pol>chromatophi)dcfin.tircer>rhi-obhjt (c) Polj-dironut p 

^ >n nutoiij Cd^SatcIlicc cell of nenro-cpiiheliiJ origin 


.6 Dat Ematto Omen lacda ^wing 


— jatciiicc ecu or ncuro-cpitncii*iuii^t« 

?g*cgatcs of crythroblasts arc ahvajs found in certain charactcnsti^ 
“'^0115 system (figs 5, 6 and 7) and sporadically in almost P 
“--ous system Rdltively large foe, of erythroblasts are 

' the lamina tcrminalis (figs 5 and 7) of the centra aerr 
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Since then, s concept of the multipotcntn itics o t 

ccl] has been substantiated b\ numerous reports in tshith ^^jononic 

demonstrated in vanous locations in the norma! mamma lan cm ^ 

Tdli,’ the loose conneente tissues,' ' "> breast /“'“’.nads and in- 

foot" '» and prostate In the lo.;r pJSha^^^^^ 

testinal traa arc the site of hematopoiesis in adult anim nf ravcloid 

desenbed hematopoiesis in the meninges in the form of a c nitc 
nssue in much the sense of mammalian marrow Hematopoiesis 
all of these areas in the present scud) in the cmbr)onic rat mammalian 

It would appear from these studies in the lower serte postnatal life is 

embryos that the mcscnch)'mc at some time in j.,. studies on 

hematopoietic throughout most of its distribution^^ urc ’j^jj^^^joni n 

embryonic tissues stimulated b) infection,'' covins a rmbrvonic life do 
have demonstrated that the potencies realized during norma jj^crcntiation 
not represent the sum total of mcscnch)'ma! potentia vanous 

% means of these cvpcrimcntal approaches, it has ecn s slightly so, 

localities, which, in embryonic life arc not hematopoietic, pd] 

may become the site of active blood formation, or t at t c 


tJTe produced may be augmented or decreased .rvthroblastosis fetalis, 

Similarl) , m syphilitic embryos and in embryos wit normal 

atuve etythcocytopoiesis may persist in the liver long pas heart and stom- 

human embryos Miller'* has desenbed crytbrocytopoicsis 

aoh of infants of prcdiabetic mothers . mesenchyme. 

However, in spite of this remarkable hematopoietic a 1 pcnphcral 

ihcrc has been little evidence of any hematopoiesis in t m humans, 

nervous system in embryos or adults in any verte rate common m 

described crythroblasts about the nerves in the meninges jjj j peripheral 

the rat embryo Gutscll” illustrated an island of ° y j^senbed cryrhro- 
nerve of a newborn infant Collin and Baudo*' an a so jycivvcvcr, since there 
poiesis in the glandular ([anterior?) lobe of the described was not 

t^ete no illustrations and since the morphology ° ^ ^ ^cre dcscnbing cells with 
charactcnstic of crythroblasts it is probable that they w demonstration of 

Pyknotic nuclei in areas of spontaneous m this study, thcrc- 

hcmatopoicsis in the central and peripheral nervous mesenchyme as having 

fort, serves to substantiate still further the concept o ^ pamcipatcs 

hematopoietic potcntialiucs in all organs in whose st gjjal cells of the 

Since Rio-Hortcga"* separated the microglia rom ^ ongm of 'brsc 
nervous system, there has been some controversy jjavc summanzed 

cells Metz and Spatz" have traced them to „ rtcea and a majont) of 

the evidence in favor of a neuro-cpithclial origin Since it is univcrsa s 

Workers have derived microglia from the mesenc > conncccnc tissue dciS’"> 
accepted that eiythroblasts and hcmocj'tob as tissue origin have ente 

present study demonstrates that cells o that some of t esc 

^nto the ncuro-cpithclium in embryonic life t is macrophages o t c 

ni«cnch)mal cells may serve as a source o micr 
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nervous system, |ust as they serve as a source of histioid wandering ccUs, the 
macrophages of the embryomc connective tissues This hypothesis receives further 
support because of the close relationship if not morphologic identity of the micro- 
glia of central nervous system and the macrophages of the connective assues “ 
The present study has failed to demonstrate penetration of the embryomc cen- 
tral nervous system by cells of mesenchymal origin except by migration along blood 
vessels It is of interest that Von Santha and Juba,'* employing Hortega silver at 
bonate impregnations of the nervous system in the embryonic rat, failed to demon 
strate any mesenchymal invasion of the central nervous system other than by 
mesenchymal cells migrating along the blood vessels 


Conclusions 

I Definitive erythrocj'topoiesis in the central and peripheral nervous system 
IS a normal occurrence in the embryonic rat 

a This IS of significance because it is an illustration of the hematopoietic 
potency of the embryonic mesenchyme in an area where it has not been previously 
described 

3 It is of significance also because it presents unequivocal proof of the presence 
cxtravascularly of cells of connective tissue origin in the central nervous system 
It IS possible that some of these cells may serve as the precursors of the microglia 

4 There is no evidence chat cells of connective tissue ongin enter the central 
nervous system in any way except by migrating in along blood vessels 

ACKNOWLEDGMENT 

I vish to acknowledge the helpful cncicnmsof Dr William Bloom of the Anatomy D-partmctiiofth 
University of Chicago in whose laboratory the major part of this work was done 


REFERENCES 

* Block M An cipcnmcntaJ analysis of hematopoiesis in the rat yolk sac Anat Rcc. if 
Maiisiow a Unrersuchungen flber Blue und Bindegeuebc I Die frOhesten entwicklungsu ^ 

Bint und Bmdcgewcbezellen beim Saugctierembryo bis aum Aufgang dcr Blutbildung m er 
Arch f mikr Anat yy 444 1909 

* Bloov W and Ba*tbi-mbz G Hcmaropoiesis in young human embryos Am J Arut 

t Held H Ober die Neuroglia marginalis dcr roenschlichen Grosshirtirinde Monatschr f 

Neurol Ergaoniogshefr af 360 1909 . r- v 1 t Pirchol » 

‘ SaiALTEKBRAND G akd Bailet P Dic p^iviscolaTc Pugliaxncnibfan J ' 

Neurol ;/ 199 I9-7“S 

* Maximo\v a Bmdcgc'Axbc ond BlutbildcndcGcwbc Handbach der milcrosLopichcn ni 

Mcnschcn Vol II p 131 U ilhclm \on MoIIcndorf Berlin Julias SpnufTtr 191” 

^ Au^JEW S Die cmbrjonaic Histo^cncje der ZcJJ/orracn dcsJoclcrco Bmd'5 ^ 

Fol Hcmat Arch jf iti 1914 

* Sax« F ObcrdicEntwicUung und den Baa dcrnornulen Lvrnphdni^ und di* 

and wcissen Blatkorperchcn Anat Hcftc f 3 * 47*^96 

*\\iSLX)cn G B Hemopoiesis in the chononic villi of the placenta of pUtymn mm *7 

■» g!LIZ T^Normal h-mopoies.s in intra urenne and neo^Idc J 
Giuor* G Ueber die MilchdriiscnschwcIIun^ bci Nen^boren (Zuel ich 
bildung) Zwchr f kmderh 336 ig-i 




PATHOLOGY or THE RUPTURED SPLEEN IN ACUTE AX 
B'i Josnpii M Luditz, M D 


D espite cHc fact that malam IS a worldwide disease insolving millions of 
indmduals and considcrinq the large number of eases seen in railitarrscrv 
iLC, spontaneous rupture of the spleen is actualh a rare occurrence S'rcntynro 
cases were accumulated b\ Leighton prior to 1917 and 6^ cases have been reported 
subsequent to this date ' Studies of the pithologs of malaria arc of importance in 
those parts of the world where malaria is presalcnt Previous pathologic desenp- 
tions of the spleen in acute tertian malaria in man ha%e been sketchs Furthermore, 
the mechanisms undcrl)ing the rupture hasc not been adequate!' studied A 
pathologic description of the spleen in q cases of acute tertian malana is therefbte 
pertinent e'en though the incidence of malarial attacks and possibilit} of splenic 
rupture is rapidl) decreasing In 3 of the 4 cases under consideration, spontaneous 
rupture had occurred The fourth case was that of a subcapsular hemorrhage, pte 
sumabl) just prior to rupture All cases were successful!' operated with splenec 
tom) 


P ATHOLOOIC FiVDINOS IV SPOVTAVTOUS RupTtJRE IN AcBTE MaLAUA 

The pathology of the spleen in acute malaria has been described by Taliaferro 
and Mulligan and b) Ash and Spitz ^ Of the 64 cases reviewed b) us, onlv 19® 

eluded gross pathologic descriptions These arc summarized as follows Grossly t 

spleen is enlarged with an average weight of 450 to 500 Gm The consistent 
soft, the color is reddish rather than slate gra) as occurs in chrome malana ^ 
cure may occur on an) surface of the organ It ma) be c\plosivc or with m 
rents but in the majorit' of cases there is onh one tear The size of the tear van^ 
from a small nick to lo o cm A subcapsular hematoma is most probably the mi 
stage prcliminar) to the rupture ^ 

In 16 of the 19 cases, microscopic descriptions were reported These 
essentially that of the pathologic changes of the spleen occumng m 
in man and animal Characteristic changes in the spleen arc both cellular an 
lar Three distinctive features of the cellular changes arc found ^ 

Cellular Chauffs i Phagoc) tic Activit) Macrophages proceed to 
phagocytosis malarial pigment and disrupted crythroc)tcs The heterop ^ ^ 

l)Tnphocytcs play an insignificant part The reticulum cells display the mos 
nent activities These cells w^ithin the splenic cords become numerous, co^ 
predominating in the cellular picture of the spleen Within the venous ^ 
macrophages can be seen engulfing not onl) the yellowish green P*^ , splcflit 
parasites, but also the red cells or hemoglobin derivatives In the 1 at 
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pathology of RUFTORED spleen W acute VIVAX MALARIA 


s.nu.o.d, conumcd d«qu J>^cndothd«I cell! H tT^cd-latcd 

IJTgc Single and muitinuclcated macronhaecs rn ^ j polymorphonnclcar cells and 

^vc^c frequently diJarcd (ormtnir * forming a thrombus V(tns and rtiults 

Che subl^dochehal tfe ewT^fs^T.^Xr" L ' 

portions of the spleen but particularls under containing pigment In maty 

were large dilated veins and <;inii<nifl u u ^ oot ncccswrily at the site of rupture there 

trrx of fibrinous matcnal in uhich thfT thrombosed The thrombus waj compnsed of a mi 

polymorphonuclear cells Plasmrvl ^ ^^tophages, hcmoly'icd and degenerating red cells ind 

red cells but not within the macrophages «howcd rare P vtvax mthin the 

Japan rctaming!r^rhc States on! s°e'*r™'*'^ "**? “"cd in Ness Guinea Philippine Islands and 
dominal pain He had had no atticl. whiiros'^"* ^ "Tt complaining of at>- 

cal examination the abdomen was tense - ^ “"/cr atabnne prophylaxis Onphjti 

ness in the left loner lobe nf rh i j “fcncss was localized to the left upper quadrant Dull 
hemoglobin 8 s Gm WBC aH ' plcutal fluid The admission red count was x,6ccvxn 

spleen P suvax was found n ^ degrees X ray examination indicated an enlarged 

spleen n* a tl nd * o’-* <l*ch blood was fonnd m the pcSt^^ cavity 

by omentum Splencaomv ^ cmatoma was found adherent to the diaphragm and walled off 

of discharge blood ennnr cecumed to normal and the pauent was discharged At the time 

Grnr “cRg temperature and wh.te count were norm^ 

theeapsn^:-L^;;^^=„r„r^lr""^ o cm Orily at the hilus was 

by a large rabcapsular blood 1 ecs the capsule was completely stripped from the splenic [«ip 
face of the spleen there xra* soring 90^70x10 cm On the opper pole of the convex sor 

the opposite Dole rhrrr- ^ ‘tTcgu af rent rncasnnng x-o cm in diameter and 5 o mm m depth On 
purplish red pulp with a t^gi^ boles in the spicme tissue Cue section revealed a sole 

niitoscs The follicle w ^ with hyperplastic gcnmnal centers in which there were few 

tverc thickened renculu^^dr ^ o°tltocd against the red pulp In thd rtd pulp the ipicmc cords 

nularial^crir^r. i The sinusoids were poorly ootlmed No 

hypcrplasuc In the trabeoil cells were present The endothelial cells were moderately 

splenic cords A thicL I ^ there was a sabiDCimal cushion of cells similar to those seen in the 
The vessels and sinner, ° f * tuoilar type was found between the tdvcnutia and moscu/arr*- 
aligned to the wall m delated and contained an admixture of cells with fibnn doxif 

bed in the tiisncs or the smwTf under the capsule No parasites could be tdcati 

vomiting and admitted to the hospital complaining of dull* fc«r 

past The inirial hlr^ served in New Guinea and had experienced several attacks of malam 1° 
litGoo During the aftcttirJ^^ T**]”**^^^ red blood cells 3^^ wfucc Wood cooot 

the cpigasctioin »nd rli r ° admission he suddenly famted He recovered with pam ^ 

dominal muscles snA *■ ^ *bock On physical examinauon there was guarding of »bc a 

Slancy) the penronMl the abdomen The spleen was not felt At surgery (Dr John 

*plccn The snlren w found to be filled with bright red blood which was oonog from c 

to normal * *^™^cd Postopcrativcly there were no complicanons and the red count re- 

the capiui?i^i^^^ ^ measured 140x80x45cm Over a distance of 9.5 ^ 7 -° 
bad been tom away from the surface On the convex «irface there was a small rent m 



JOSEPH M LUUITZ 


II7I 

^ splmjc nssuc incaiunDg 5 o mm On section the splenic pulp uas darL brovTi in color soft with 
Ffominent Ijinph follicles 

follicles were hj-perplastic with actnc germinal centers The penphery of the fol 
sed with the cellular red pulp In the latter the splenic cords s ere thickened and the rcticnlnm 
u enlarged The sinusoids sscre poorly defined and filled ssith macrophages No malarial pigment 
Joules or parasites were seen The trabecular scins scnulcs and sinusoids v'crc often dilated cither 
“W or engorged snth macrophages red cells and pol) morphonuclear cells In the subinuma and 
'•ennua thae was a layer of cells similar to those found in the cords No thrombi were noted Under 
capsule there was a large hemorrhage which extended deep into the palp Smears from the splenic 
^cre positive for P vis ax within the red cells In one remote area in which the overlying capsu c 
“““ct nnmerous dilated \enules were present filled s ith heroolyied blood red blood cells and 
blood cells 





Flo 1 — Case II Spleen gross Denudemeot of capsule and blood 

A aa. year old white male was admitted to the hos^^ UTiiIe 

he w feser He had served in the Southwest 

Hi, several attacks of malaria Hit last episode was m this c ^ ^ 

'mned t ' began twclsc hours before admission with chills an Op''v'i 

Cal he took atabrine for ss hat he considered to be ano era 3 d-rp rwp a 

In t^'lrf splinting of the abdomen and pain in ,,,rbt ops-irr o' i*- 

■dt Io„_ , . ' lung breath sounds were slightly impaired fco-yral pa " wa-' 


me patient Dccarac i**'**-' — r 

ince the pa4n was not full) localised and smear* rerr repe* 





ll-p. 



"udar follows 

^ d.g.o,.s wa. hdd .n 

C:irn 

TO pensplcnius but no hcniorrhaE« ^ mc»'“r^ '5 c^tcniil c.t»ro'o» 

(Fig i)Thc spleen sscBb-d hemotthsge «« 5 o nun f,, 

,rvt tvirh fibriDOus shfcds No hcmorthig' , dripP'’'S 


im Uf>cicu 1 tnbeapsw^*^ * V. rwl m CQI’J* ^ 

iccnon. on the convex surface a tiarci\ch> ma ' btovtit^ nvered 

1 «mj11 indentation of the capsule tbnpstcnchjmas 

kks TOC smiU but prominent thicWencd, the ser ( 6 g 3) L^oa An oca 

Jkmtcjm The apsulc found to be ssell dc^ ^ blooo 

fibnn. The are. seen grosslj as hcniorrh.ge s« ^ ^,aely 

diffuse hemorrhages All sinnsoi s un 


tWJ 

»■// ' 

Bf.v s'.'SiSS! 



Mi, 


>>T .<7 


F.O ^-Ose IV Spleen, ‘ ,^'i,,,UpUsi=t anU on- 

ttuioma Fibrinous perisplenitis cc u ^lirl) under 

tiMal dilated sinusoid or \ CIO was fiU^ " nro^lloe^^^ inafg*® 

*hc bematoma Cfig 4^ '"'^tfstere not 5«n 

tcucolnm cells with mitoses Nuclear tbichened sp ,n p's' 

retceptibl) into the cellular red pu P ^c 5 lcular ^ and d' 

ttllt which sverc somewhat elongated u ^5 were eo j 3, cch 

tell, were hyperplastic and rounded TTic -- ..^mbhngjcn- 
Stained however numerous large inuUmuclea 

•^euional poljmorphonuclcar cells an f 

A KMC, of the htcMoiTO Smi'h 

tiusc of spontaneous rupture o t *- 




1174 pathology of ruptured spleen in acute vivax malaria 

the records of the Army Institute of Pathoh 
it’ ^ t^urrent malaria. 7 infectious mononucleosis, 5 Banns 
viewJ’ 5 'ftsion, and 3 cause unknosvn Of the 64 reported cases rc 

nTn " T"'"' ^946.* 1:5 were in naturally acquired malana and 39 

in inoculation malaria The incidence of spontaneous rupture in induced malana is 
malan acquire malaria The age of the patient, the repeated parox)-sins of 

ture D r and the failure to recognize the symptoms of mp- 

mre probably account for the higher mortality from rupture of the spleen in the 

scriBM chronic stage of malaria, rupture of the spleen is rarely de 

ic fr ^ iinate However, rupture by minimal trauma in malarious rones 

rm»ir> rupture is probably three-fold (i) increase of intrasplemc 

jT, 1 hyperplasia and engorgement, (i) compression by abdominal 

nLcff, * 5 L lesions due to vascular occlusion Rigdon s hypothesis of 

cuon o t c vessels by h) perplasia is supported by our findings His findings 
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experimental animals are identical with those observed in humans He believes 
reti ar and endothelial hyperplasia obstructs venules and sinuses resulting 
n om osis and infarction which cause interstitial and subcapsular hemorrhages 
ubcapsular bleeding strips the capsule resulting in further hemorrhage with dis- 
cntion of the capsule and final rupture In all four cases (table i) a common finding 
^ ^ presence of dilated sinuses and hemorrhages immediately under the cap- 

ough infarctions have been frequently described in animals,* in only i ® 
our 4 cases was infarction found It alone, therefore, cannot be the sole cause of 

rntMmriiB ' » 


Subint^al and pen adventitial leukopoiesis is of special interest and is astnfafl^ 
og IS appears to be a reversion to embryonal potency Such lenkopoicsi* 
V ^^cs of infectious mononucleosis * One such case described by Snl ’ 

1, was available for study It, too, showed extreme hypcrpl^'* 

f, astic cells were typically infectious mononucleosis cells rather t an 

malaria Jafffi and others* * have described similar 
Cusr^'^ acute leukemia with leukemic cells in the walls of the vessels Smi th and 
scuss t c histopathologic changes of ruptured spleen in infectious mono- 
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^ blurred changes which closcU resemble those seen in malaria, such 

non in arte"*'^^*^ representing general hsperplasia, cellular subintimal mfiltra- 
which We h ‘^^^cculac and capsule It differs from the malarial eases 

dilated veins^'"\**^ failure of Icuhopoiesis to occur in arteries, absence of 

reported' ^ or infarction in infectious mononucleosis Thus, from 

and thromb infectious mononucleosis and from failure to find infarction 

Vascular cha^^*^ rhrcc of the four eases studied, it can be concluded that these 
noted dis alone are not necessarv for rupture to occur Smith and Custer 

edema The 'be!*" capsule and trabeculae due to cellular infiltration and 

of the ' rupture ssas due to a rapidly expanding organ with dam- 

siaascs framework From our studies it would seem that dilated 

^Diportant subcapsular hemorrhages occurring in the malarial spleen arc 

that as b ^rutiating the hematoma We agree with Smith and Custer 

dcs bematoma must occur prior to rupture The subcapsular hemor- 

to the ^ nr probably represents this stage Under sufficient tension 

trauma cellularity and frequently by additional pressure due to minimal 

Refcircj bemorrhage may rupture through the capsule 
'^tscnbed diaphragm to the shoulder via the phrenic nerve has been 

r'tptured ^ ’^‘^P'^ced malarial spleen It has also been commented on in 

‘^tis infectious mononucleosis However, perhaps more signifi- 

pairmect'^ tcritation of the left lower lobe of the lung This elicits ira- 

Pand IV*^I sounds, dullness, and opacity by x-ray examination In Cases 

cf mfee ^ fluid was diagnosed before surgery In the prcviousls cited case 
‘'oted ®cinonuclcosis by Sullivan and Wassermann,' pleural fluid was also 

reported mtervention In j eases of spontaneous rupture of the spleen 

Howev \ rctcnficld,® pulmonary complications developed in the left lung field 
ably d only following surgers This pleural irritation is prob- 

P^raem'/° Perisplenitis with transmigration of toxic irritants through the dia 
Valijj cases in which a diagnostic problem is presented, this sign mai be o 


isax 


Summary 

malari ^f’°'^''“°tty to study the pathologic changes in ruptured spleen of acute s 
, ^^°cded by splenectomy 
1 Th '"^P^'rlar hematoma precedes rupture 
cuiTinii ""^P^rilar tear is an obvious consequence of the changes in rhe sp -en 
°rdevn ° ®*^re malaria Small hemorrhages occur in the viciniti o t c tap 

Che tissues 

rupniv^*^^^ enlarging spleen with undcrhing vascular alteration p 

c r\ hnimal trauma mas be a precipitating element i i, ,i 

sinus„ Cellular hyperplasia, subintimal and adventitial Jeutopoiet^ 

'em in thrombosis and infarction constitute the t 

malaria 

'I'edia ^efc lung base mav serve as a Jiacno^f's m t- 

‘I'^Osis of splenic rupture is considcrcJ 
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HEMATOPOIETIC TISSUES 

Fouc Aao DEnaENCY Avo A Fouc Aao Axtagovist os Chicks ^ Wfll From the Research 
“T^oot Ledcrie Laboratories Pearl Riser N k Arch Path 46 
thr ^ PO"-<ng snbjects like newly hatched chicks readil) lend themselves for snch purposes as 
folir”° J °o“'‘f<onal disturbances It was for this reason that the) were selected for expenmcnts in 

folln oficicocics About aoo one daj old New Hampshire Red chicks were divided ctjual y into 

miection 

et plus 4 oimnoptero) lasponic acid in the diet regular diet plus 4 ominoptcroy aspartic an 
^“Itttion. and fohe acid free diet for ten days followed by same diet supplemented with a dail> mtia 
^«wal mjeetion of o i mg of folic aad Changes in the folic aad-deficsenc birds and those in the 
S traced w,th anugonisc were essentially the same Of the organs involved the bone 

greatest departnre from normal The ultimate picture of the marrow was 
1.0^ I ’?**** ^ myxomatous appearance of the connective ussne In the distal t 10 

J '' was an aaophy of the Lcosa with the appeownce of retention q -ts 

'he stroma Fohe acid 4 ll prevent these changes^ .n,ecied into fohe aad^efiuen^.o..yl> 


atholooic Obseev ations in Cases or Hodokin s Disease Teeattd with Nnsoo 
I " C^I!.n4A S BUuu, From the Uborarory Service Waller Rccd Hospital Uasbiogton 

^ ^ Am j pajjj 

^ innavoioo. mirrtga, mu.uri m dole ir 

la th«^! difficult to rationalize the use of a drug which frin^Iy 


n» u. ' 'faccxpr 17 cases from a scries of 55 were sei-v*^ -■ aoihcT 

m, ni** l' ^ single criterion chat could be said to exist in any two mpbocTici 

that It is difficult to rationalize the use of a drug which 
meztment o' a disease gcnerall) considered to be one of the ret.culo endoJiel.um 


OPJ 


or Continuous Radiatton on Chick Esraaros and Devecoeiso Lh ^ 

"'■^PmuEHEHAEBcoon F ll'^arJF J D.^rr Fromjh ^ 

gyofthc Harvard Cancer Commission Boston Mass Radiolop / r .j , - 

JZTl phosphorus (T«) the effects of Icibzl and 

. in chick jj 1 Thrrc was an oserall rri 


'fibaJ ^ 


crernij ° radioactive phewphorus CP*") the effects of IctbaJ ana 

L , * ^'ck embrj 05 and developing chicks There '' as an O' era _ , -j j- th c'l'***** 

3J-, - * > * tnarked retardation bone growth and c^pcaal ^ — j' 

In the present paper the effects on bone marrow 
. rccordNl -- ^ -f*'!'*’ 

^ the bone ma-row the effects were the result of the hcasw ir*a-ja ^ ^ 

SuMcthal irradiation re-ultvd n mz 


' ih- c- * 
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poictic cells and a reduction of mitotic actnit) so that pancjtopcnia developed maiimallf m i roi 
wccLs In 2 .to 3 wccL 5 rcco\CTj began \Mth an increase in roitonc actjsjty and later maruranon of the 
blood cells When irradiation uas lethal there was a complete halt of mitotic activitp and of maturation 
within 2. to 3 da) s after use of u ith rcsulunt h>'popla<ia of the marrow fatt) degeneration within the 
marrow ind progrejsne panC)topcnia with death in a weeks In both lethal and snbicthal actions the 
rcuculo-cndothclial cells were little affected and tended to ^\c rise to primitnc blood cells dnnngrc 
corny 

In l)Tnphoid tissue P** caused suppression of mitoses and a thinning out of the lymphocytes This 
response ssas followed rapidb b) prompt and marked regeneration of lymphoid tissue with retorery 
being complete in most instances Regeneration was excessive in amount 

In the pcnphcral blood the ljmphoc)tcs fell rapidl) and with recovery returned fairly ripidlj' to 
normal The granulocytes fell more slowl) an agranulocjtosis was present within a weeks an the 
recovery phase was slower than for the other blood cells The red cells fell quite slow!) foIlowiDga g 
pericxl and recovery was quite rapid although slower than the return of the lymphooTC level tonoi^ 


iVTLDENCB OF X-OCAL AaOinCATIO'J OF TiSSUE BORDEWNO CaNCEROUS GroWTHS WITH SpEOAL 

TO THE Eosir^OPHIL THE PaNETH CeIX AND THE Aat)OPHlUC Pl-ASSIA Ce iX. C E Block osd R S I 
From Department of Patholog) Sparrow Hospital Lansing Mich Arch Path 
Eosinophils Pancth cells and acidophilic plasma cells arc usualli more numerous in the lamiiu proj^ 
of the small intcsunc than they arc in either the stomach or large bowel Collections of aadophi 
which arc usually in the \ lanit) of cancerous growths seem to be a defensive response of the host 
phxlic cells arc seldom the source of primary neoplasm There roa> be some relationship 
presence of these cells in the small intestine and appendix and the infrcqucnc) of caranoma or 
slowly to metastasize there ^ p j 

Th£ Rate of Mrronc Acnvrrr in the Lyriphoid Organs or the Rat £ Andrtostn tnd S 
From the Department of Anatom) Facult) of Medicine University of Copenhagen Denmar 
Rcc icf 401-411^ 1549 

In teudtes of nucotic activity with sectioned material of lymphoid tissue the results 
wholly reliable because of the irregular and capricious distribution of dmding cells hi an 
tenniDc the proportion of dividing ceils visible in a population suspensions of cell nuclei 
treating finely divided tissue with 5 per cent cicnc acid for one half to one hour After a 
fugations staining with gallocyanmc rcsuspcnsions in absolute alcohol and finally JO 
ten thousand nuclei were counted in a Bilrkcr TilrcL counting chamber Mirotic phases sc were 

appearance of the nuclear membrane and after reconstruction of the nuclear membrane m ^ ^ 

rarely seen Hence the counts involved phases between these two extremes Thymi 
spleens were examined from rats of three different age groups i c i month 3 months an ^yjDOs 

old The number of mitouc figures per thousand nondmding nuclei was consistently ig 

than in either lymph nodes or spleen There was a decrease with age which was mo^t jn rats 

nodes and spleen Additional experiments were conducted to detenmne the source o ^ rcsotR' 

during rcsnrution after starvation The thymus reaches its normal nutotic acuvity 3 4 f yesotuaem 

tion while lymph nodes and spleen show no deviation from normal either at the end or urm ^ p j 

^ IV r FMTtt^ Etosi the 

Changes in the Capsuix of the Lymph Node in Experimkntax Htteeplaha * J Arch 
Department of Anatomy University of Illinois College of Medicine Chicago 

X 73 -X 82 . 1949 4 nndcr ccrum cap?" 

Lymph node hyperplasia is a common occurrence in some blood dyscrasias an lyinph*”'^ 

mental conditions Attention has been generally directed toward stnicmral changes -fodpeed i® 
tissue and not of the capsule In order to study the latter cxpcnmcntal hypctplwii ^ 
hamsters and rats by miccting Ebcrthclla typhosus vaccine Hyperplastic boa*c 1 ° 

lymph nodes from calves with acute bronchopneumonia were obtained from t c 5 * 
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himstcn md tits hypcrphsuc nodes had a portion of the cortex exten mi; obsecsed m the 

capsule bcaase of < presious rupture Maximal peripheral expansion o i ic e jjcolar tissue 

hilir region. The degree of extracapsular migraiion of l)mphaiic tissue Kmnh node the capsule 

creased with the length of the postinjcet.on ^lod In the h)perplasic call s Kmph 

did not rupture because of its thickness O P J 

r miNGs AND Othfr Small 

The HisTouxiicAL pREPARATiov or Rose Marrow PAHTJCLt^ ^ tr,. Edinburgh Unncrsit) 

W FjtAO^revT% A C P Onrjphtlt From the Depanment of Pacholog) 

Edinburgh Scotland J Path & Bact de 635 - 6 J 4 194® , ^nredutc reduces the forceps trauma 

The *Qthor u$« agar for embedding particles after fixation Thi pr 

^ fcrmjts a single block casilj to be earned through subsequent seeps ^ p j 

ERYTHROCYTE PHYSIOLOGY 

P JENS F T" ^ ^ 

htnuixceoFETOOcaiNE FACroRS ON He-xiopoiesis m THE Adui.t Froo Ra (, Mew York 

A aanpp^r From Department of Biology Washington Square Us g 
Umrcrsiiy, New York N Y J Exper Zool /»? 13 -}* mmal and bird but not in the 

"Ebe hormonal control of crythropoiesis has been inxestigatcd in t ' nation so that perhaps the 

“ipbibia The adult frog norraallv has hypoplastic marrow during hi ^ of 

^thibcmition crythroplasu may be the result of participauon > t c c during the expen 

™ Jcxes were kept tn refrigerators at a constant temperature of 4 ^Ijyfoxinc testosterone pro- 

““n't Four groups of test animals received lo m/ections of sesame oi mjecuons 

jw^teand otridial benioate respectively The animals were saerifaced 45 y hemopoiesis but 

Tbtrtsult, mieate that there is s^e relationship between the endocrine s>stcm 
“cthtr study is necessary in order to understand the mechanism O P J 

Ebt 1011 bfATnaE AND SiomncANCE or Stipeijno m Tbad PoisomHO rvo,rtincnt of Medicine Royal 

5««^str A J S McFaJ^^anandL J Dav.. From the University Departm 

'‘*^™acy Glasgow, Scotland Quart J Med it '949 „,o_hnR is demonstrable m the 

Eoth human pauents and in guinea pigs with lead lotoxiutioo ,nd peripheral blood 

^ marrow m normoblasts as well as in the non nucleated ttythro^te „ often asso 

P°«'ive reaction for iron is exhibited by a variable proporuon ol tne p ^ expenmencal 

'*ccd CTidcocc of dcfccave hctuoglobination lo the affected cells t is anemia of lead intoxi^ 

pgs employed 10 these studies splenectomy ameliorated or F«v the frequenc} of a 

« wdl a, mereased the relative proportion of suppled cells in the ci t„th hemoglobin 

^'"ve reaction for iron m the granules The suggestion is made ^sTin ring Removal of the 

ais With partial failure la the incorporation of iron into t c of lead intoxication an 

, cells by the spleen could thus cxplmn the hemolyuc pt.„.blc that a s.milcr 

^beneficial effect of splenectomy on experimental lead mdu acquired hemol) tic anemia 

^•mim may explain the bcneScial results of splenectomy m » P““ ,^tre demonstrated m the 

^Ously desenbed by the authors m which iron containmg inclusion 

"E'^'‘' 9 Tes rGlasgow M J a/ 137, 1947) " ^ 

*5 Ha^'X ''OT 

■''w Rate or Los. or Potassium txom HoxtAN Red Cbixs in rj^'^"'Tork J 

^ From the Nassau Hospital MincoU, Lot^S * ccntration 

IU.I3 on the human red cell the loss of K “.n'sTstems conta.nmc U'ms^ 

' the cell IS approximately the same as chat 10 the m- m gosrti so t a 

00 lysin hxs been added the losses are rapid at fcst and four mch E.eds 

^ ttJic rcniocc from equilibrium is reached The present 



abstracts 


ii 8 o 


«"« •" »I.nc « M C ( 3 )-hcd red cdl, 
"l-nc lcolc t nil"7 1 ^ ^ .5 C. ,nd ,7 C conmnmj h 7 i«too.c 

possibly introducf a h I ° °' "■ "‘itr co present bactcnal contaminatioo ind chcretj 

the merhtx) used b> 

OPJ 

Pt^ATiov or TitE UlsscE Satueatti. Mo.oeAE*oxrue Aaos um, Mau 

Princeton N / r nological Laboratorj Pnncctoa Unirmity 

Princeton N J J Ce,( Comp Phjs.ol 77 M 7 -i 66 19^9 

tratc ccIK ^ accepted that compoands lolahic m IipcJ lolvcncsFeoc- 

tt«sf h/r r“" «" A new methtS was devn^ 

method achemV)^ ° lower fatt) acids into mammalian erythrocytes Thii 

in an cnsironm ' °''' 'Ponds upon the fact that oxyhemoglobin loses some of its ox) gen when placed 

of the farrs contaimng an increased hsdtogen ion concentration The relative rates of pcnettinoa 
valmc - bn^e r (a) for beef cells captyl.e < heptybe < caproic - 

< valeric ^ b rua- ^ acetic > formic (b) for human cells caprylic ■» heptylic < caproic 

tenmned and pro^fonic > acetic > formic The rates of hcmoI>5is by these aads 

> aLro"<r r “P^'" > <bntync>po- 

capolio heptylicrcaproie<valer,c<bmync> 

OPJ 

Univeriitv^o^^^l'^i^' ^ ffci/mrjo- «mf TA Eilrrs From the bfcdicaJ Qinic of lie 

university of Heidelberg Schsseix med Wschr 7J 975-76 joig 

nrobilio svai eMadrn^ metabolism of hemoglobin in pernicious anemia the quannty of ehmmittd 
stain for S-ii hours 'oHv higher than the reticulocyte level would indicate By adding Giemsa 

patholoeic reciculiv-i.i.«* J 'o the usual staining of reticulocytes with bnlliant cresyl W« 

forms are not visible when ““y v>™olc$ arc bronght in evidence These 

smears from rhi- ml 1, ' smears arc stained in the usual way They arc more frcqucntlj’ found in 

particularly fast P“‘P‘'“»> blood These reticulocytes are believed to be destroyed 

represent prestaees rJ" ^ '°i,^ hours Even if they do not conuin the final hemoglobin they postiHy 
cpresent prestages causing the inacased metabolism of urobilin 

C 3 f 

Dilution Volumes in Blood nr Vaeious Appucations or i« 

Phannacolow I7n in "’ ^ H W Rube From the Departments of Physiology 

rlTZl School of Medicine Pittsb^a Am J Phpml iff 

plasma Attemms to “""'“bigal methods do not completely separate corpasda boa 

Those measurements havr"'^' 'n' W' m the sediment have not given conitant remits- 

dilution The present studv'^'^* a application of the pnnaple of serum or pit*®* 

Oitimatcd by n different ^ ™ sstholc beef blood P clauve corpuscle and fcrum Tolnmes 

PPith those obtained h of the serum diluuon principle These results were then coispoi^ 

varied w^ ^ metht^ fi^r i diffcxencrbet^ cenrtifngal and <h(otioo 

procedures arTuTt^e^ ± ' ^ >7 9 ± 10 8 per cent of the pached cell volume Mo« d.Icuon 

non of consentional he,^ “ accurate scrum volume estimates The authors conclude that co^ 
ntional hematoent results by a constant factor based on dilation methods is no. ,ust^ 

ilcc. 

BLOOD GROUPS 

Moffam-CHTT r> jVBO Tisrtv% 

Lft^erm^ ^ Relation of Srcrutor Stat 

^feiical School ° r ®°'‘'''bury Training School and the 

^othbuty Conn Am J D.s Child 7^ i7ff-i83 19 


Mental DenaENci 
rtment 0 / Pediatrics 
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Ttcorcriollj- fcul dimagc from ABO maternal isoimrouniaation roav result when the concentr 
o/A O' B factor m the child s bod> fluids is not sufficicntlj-grcat to neutrahae A or B materaal igs « 

Two hundred and eight) mentall) deficient children were studied to determine rhese had 

Aild dBO mcompatibriit) and the secretor status of the child One hnndred and 6 f^ 

defined mental deficiencies ^nch as mongolism and s\erc used as contro ^ ^ rTrr5entcd to 

It) were classified as undifferentiated congenital amentia of unlmown ongin vi ^ 

dmw the nnreliabilit): of the stud) of a single undiluted speamen of sa iva or ^ 

secretor statur seas detemuned onK after both gastnc juice and saliva were s 
^^ined and titered Ttc 

Thae were an children svho shosved ABO maternal incompatibility imd a no ^ defiaency 

of incompatible nonsecretors svas greater in the group Z 

pm cent) than m the control group (3 percent) , a- congenital defiaen 

fe an ctiologic factor in a small proportion of children classified as 

Even if coofirmator) evidence sscrc forthcoming it would be accessary to cerebral damage 

cint clinical differences pointed out by the authors that the nature of secretor 

to ABO and Rh incompatibilin arc not similar One wonders because o njeasnrement of that 

itatns whether the concentration of A or B factor ID body fluids later in i 

Pi^tot in the prenatal and neonatal states H ^ B 

t , e. ^ rh,- State Health lasatatc Pragne 

^'“''’^'ttAnov or Blood Dovors with Saliva V BjJzftsky Fro 

f^oslovalcu Cas 16 k la Sy yx^ 194S , „ ^„«ots performed according to 

InunDniaation of blood donors with dilated sails a of A au henugglutinin ntcr 

I®® I proposal increased the titer of hemagglutinins in 80 per ctoc o ccsnlts of immomranoa 
lose on an average eight times and was constant even after nine mon 

’loe obtained in persons under the age of 45 ^ 

Sicnov 0 MicaoBioLOor (a) The Rh Factor—Geciiiai ^ Views os rax Genehcs or 

Trttti From the Ortho Research Foundation Raritan N J (.OJisa Chicago HI W 

^ Rh Ha Blood Factors H H Strarubktv Ei®® Office of the Chief 

^icoi^^ Aspects op the Rh Hr Blood Ttpes A S Q-t^cai. Aspecti ot the Rh 

^mer of New York City New York N Y W Api>rais.sl or w ycrL Cirv ^ew 

Eacior P From the Mount SinRi Hospital and I>epartment 

York, N Y Bull New York Acad Med a/ iPf? , the Rh Hr 

These four papers deal bncflrwTth the current views on the ^euc methods of detection o ivf 

application of our knowledge of the several known blood 

“‘“tion by the Rh factor and the management * irmbol Rh suth the ^ 

The author of the second paper proposes the use of the basic two c^"- 

’ ™P®scripti to clarify further the nomenclature introduced bv 1 [,,-poiheS'S a=^ w. 3 

to account for inheritance of Rh Hr blood tvpcs (e g t = ^olopc evidenre cro 
^thesis) arc discussed by the same author from the point o ft-rauenev a'aivses 
““ IS and evidence obtained from gene gcDotvpic and phenotypi 
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^*'''-’stt3uos-s avd THE Rn Factor P G Hittirsln From 1 

IJqp - _ . r '*kw 


I RAVsrcuovs AST) THE Rn Factor ” Cx natttrsirt -Med 

^Jo'vcrsit) School of Medicine San Francisco Calif precra: 

I'vo ctses arc reported one of fatal en throblastosis m hrst 

T*''®trtcim^,.l. she other of a majw 


‘"Detses arc reported one of fatal en throblastosis m niw -- ^ t-tc ‘.1 = 

‘ I'®! fTciioasI) tmmunued bv transfusions the other of a ^ ^ ^ j.,, jac- nv b 

( t 'll" e male patient prevrouslv immunired bv a 5 nefr n* , ns S’- r n 

^ romt up the ncccssit) of administering Rh j.— V.j 

^ , “'“limn was notable in that while laboraion cviir" c ^ t-,- 

»hsm^ transfusion was dramatic clinical ntn, 
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An Atlas ef Bone Marrow Patbolo^ B> M C, G fsR \eu New Yorl. Grnnc Stratton 154S S6 50 79 

Pag« . 

This small book of 79 pages centers around rwclvc color plates of marrow cells seven plates Dcmg 
composed of groups of single cells and 6\c plates made op of various abnormal conditions Thedcsenp- 
cions of cell morphologv arc unusuallj good tsith the simplicirv and luadicy we have come to associate 
with Israel s work The black and hitc line draw mgs and the color plates arc accuratclp done, 
the latter lack bnliiancc The \tlas can be recommended as a primer in the stud) of marrow ptmemre 
technics 
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H'matatou By Craus C Stueois Springfield 111 C. C Thomas Company 1949 Sii 50 
Htmatole ^ cd 1 By Wilus M Fowler Ncw\ork P B Hoeber Inc 1949 5S 50 

Recent Amcncao texts of hcmatologv arc rapidlv hllrng the large gap formerly existing in this coonnv 
between the wide interest in the subject and the available number of standard works Sturgis Urge to^ 
is new Fowler s which is slanted frankly for students and practiuoncrs is presented is 1 
second edition 

Sturgis has an interesting preface 10 which he presents some of his views about 

specialty the importance of some know ledge of the historical aspects of a given subject and of a 

edited and comprchcnsi\ c bibliography The book begins in a rather unorthodox way m that the iccim 
arc dealt with 6rsc There is no attempt to delve mto such matters as blood formauon histology 
cells etc that arc cnscoraanly discussed in the first few chapters of a hematologic text 
justified for a book of this cy'pc since manv practitioners would probably skip such sccnons 
were suffiacnclv interested could consult some more complete reference work on the subjea 
from this viewpoint is eminently practical The comprehensive histoncal discussions are . 
interest and not to be found in any other similar work They arc worth the pnee of the boo 
bibliographic references 1830 in number arc presented numcricalK at the bottom of the pa^ jrrauged 
to the publications m question and arc repeated in more than fift) pages of aJphabeti y 
bibliographv at the end of the book htcra^ 

There can be no question but chat Sturgis work is a valuable addinon to the hematologic 
although some might crinarc the methodology of presentauon and the lack of both evto o 
physiologic approach to the vanous diseases . ^ttcu 

Fowler s revised book is a distinct improvement over the first ediuon It is more j^^urology 
It reflects adequately the advances made 10 the past few years and should serve as a primer in 
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HEMOLYSIS IN CHRONIC HEMOLYTIC ANEMIA 


majority of earlier workers to report that tests for hemol) sis in vitro were negative 
in this disease Van den Bergh,'* however, as far back as 1911, using carbon dioxide 
as acidifying agent, obtained positive results, and in part he anticipated later 
observations 

At the ptesent time this unusual corpuscular sensitivity to hemolysis in acidified 
scrum IS widely utilized in the diagnosis of nocturnal hemoglobinuria, and has 
often been referred to as Ham s test The mechanism behind the effect is, however, 
still obscutc, and its essentially nonspecific nature not generally appreciated In 
this paper some further details are presented concerning the effect of pH on hemol 
ysis in vitro in nocturnal hemoglobinuria, and this is followed by a consideration 
of the specificity of the acidified (acid) scrum test and its use in diagnosis Finally, 
the nature of the hemoly tic mechanism in nocturnal hemoglobinuria is discussed 
Three patients have been available for study' Earlier observations made upon 
them have been previously reported ^ “ '•* 

Hemolysis in Vitro in Nocturnal Hemoglobinuria 

As has already been shown in an earlier publication,” the acid-scrum test de- 
pends upon the adjustment of the pH of the scrum to an optimum by the addition 
of acid If differing amounts of cither hydrochloric, sulphuric or lactic acids are 
added to equal volumes of serum before the addition of the suspension of corpuscles, 
a pH-hcmolysis curve may be obtained *** It will then be seen that hemolysis of 
patient s erythrocytes in serum is mavimal at pH 7 o to 7 4, that is at the physio- 
logic level or a little below, and is inhibited above pH 8 and below pH 6 f As has 
already been mentioned, scrum allowed to stand exposed to the air loses carbon 
dioxide, with the result that its pH ultimately rises to about 8 This slight alka 
linity explains the negative tests for hemolysis which result if the effect of pH is 
neglected and acidification omitted 

However, hemolysis in unacidificd human scrum may be observed if a small 
amount of fresh guinea pig scrum is added to it If the pH range for hemolysis is 
ascertained after the addition of guinea pig scrum, the curve will be found to be 
skew, not only is the total amount of hemolysis increased within the range pH 
6-8, but hemolysis takes place well to the alkahnc side of pH 8 (fig i) This is 
because under these conditions hemolysis in part results from the presence of anti 
human hetcrolysin in the guinea pig scrum, to which the patient s corpuscles arc 
unusually scnsmvc Ksec later) Skewness of the pH-hcmolysis curve is abohshed 
and hemolysis merely increased within the pH range 6-8, if the anti-human anti 
bodies arc removed from the guinea pig scrum by previous absorption with norma 
erythrocytes This increase in hemolysis is probably due to an increase in scrum 
complement 

* pH hemolysis curves scry sunilir to those t-corded by Djcic and Richardson" hasx by nose b-en 
obmncd using the erythrocytes from 5 patients in ill j f cr 1 

t These pH values refer to readings made after the addition of the susp nsion of corpnsdci sod a t 
hour s incubation at 37 C 

t^e use of guinea pig scrum in the diagnosis of nocturnal hcraoglobinnns is howevw oil , 
The titer of the hctcrolysm is an unknown factor and normal corpuscIcJ ^7 
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The wide pH-hcmoI) sis range for the hemol) sis of patient s corpuscles by human 
strum and fresh unadsorbed guinea pig scrum containing anti-human hcterol>sin 
corresponds to the pH range for the action of guinea pig complement, and is 
similar to the pH range for the hemol j sis of human cry throcy tes by human comple- 
ment and isohcmolysin"', in each ease, hemolysis takes place well to the alkaline 
side of pH 8 and is readily observed without it being necessary to acidify the scrum 

The Aetd-Strum Diagnostic Test 

As already indicated, the acid-scrum test depends upon the adjustment of pH to 
*0 optimum level for the action of the scrum factor (the nature of whic is is 



trr^° ' hemolysis curves (A) for the hemolysis of patient s cells jjft „ dn- 

rptcicno the curve obtained with the idditon of fresh guinea pig se™m me terum from 

presence of ana human hetcrolysin Curve C shows the effect o a ^ curve is of the sam' 

, hctcrolj $m had been absorbed there is an increase in hcrao ysis “ , nhen 

Pe as With human scrum alone The black arrosss indicate the amount o concentration 

® "^s used to which no acid or alkali had been added Fresh gumca pig adding to it 

111 was used in the above experiment Anu human hetcrolysin was a so hours 

1! washed packed human erythrocytes and allowing c mxra h"n in 

cv , centrifuging pH svas measured svith a glass electrode ,,„dard5 

ted at 37 C for one hour and hemolysis measured approximate!) against s 


^“ed in a later section of this paper) For this purpose. Ham mc^ ^ 

‘tion to scrum of 5 per cent by volume of o 85 to he |udcfJ 

ever, the amount of acid required for maximal he y -rum pro'^"'’' 

^ I for Us effect Will vary With the bulfcnng ^ ^ nf the 

the method of obtaining scrum, and also \Mth the m 

^f^rpusclcs subsequently added If scruin is obtainc ' 

” open flask, a procedure which results in the rapid oxsgc toJumco^'' “i 
Oh of dioxide and a rise in pH to about 8 o, >° i' 

IS then generally the right amount of acid to ad or ^ toT'* 

solumc of a 50 per cent suspension ' Jy„nuna h"”i'’h ' 

ly added It should be stressed that in nocturnal ^emoc ^ - , 

^cidifed scrum is not the result of increased corpuscu ar cn 
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of acid per sc That this is so can be shotvn bj suspending patient s corpuscles in 
scrum prcviousl} heated to 56 C for 10-30 minutes, under these circumstances, 
hemolysis within the pH range 6-8 will not take place, and the corpuscles are not 
clearl) distinguishable from normal crythroc)tcs (fig a.) 

Nevertheless, increased corpuscular sensitivity to acid may be encountered, and 
this may lead to errors in diagnosis unless this possibility is appreciated In con- 

Tadle i — Htmolysis of Erythocyles from Pattml terth Idiopalbto Ar^untd Htmolylto AmmtJ m 

ActHifiti Stram 

' Tube 


Strmc^ of HCl (per ceDt) 



0 


\;io ! 

\/5 

N/1 


1 

Paiieni s lerum 

(a) L>sis lo min at lo C 

1 ^ 

0 

1 

0 ’ 

8 f 

xo 

45 

60 

t 

(b) 3. hr at 37 C * 

1 

' 0 ' 

1 

0 

1 

0 

1 

10 ' 

zo 

45 

1 

Inactnated patient s ieram 

1 


1 

1 

1 


60 

t 

(a) Lynx lo min at 2^ C 

0 

° 

0 

7 

’5 

45 

(b) . hr It 37 C 

0 

0 

0 

7 

IS 

45 

t^armal sermm 





1 



(a) L)sis 10 min at to C 

0 

0 

0 

7 : 

13 

35 


(b) X hr at 37 C 

0 

0 

° i 

8 1 

i 

14 

40 

i 

[nacinated nermat seram 


D 1 

0 ! 





(a) Ljsis 10 min at to C 

0 



6 

IX 

35 

i 

(b) t hr at 37 C 

0 1 

1 

1 ° 

° 1 

6 

IX 

35 


Approximate pH (aitcr addiaon of suspension 
of corpuscles and incubation) 

1 

I 8 0 

1 

i 

1 

" ' ; 

7 s 

7 0 

i 

67 

1 

1 6 0 

5 3 


* Each tube contained o 5 mL scrum o 05 ml aad and 0.05 ml. ^- 5 % suspension of corp 


saline 

t Supernatant brossmsb due to formation of aad hemaom 


genual or acquired hemolytic anemia, the erythrocytes, if suffiaently 
will undergo hemolysis in normal serum at a pH (6-7)-at which normal 
do not hemolyze In this way, the acid-scrum test may appear to be 
Under these circumstances, however, contrary to the findings m noctum 
globinuna, hemolysis will not be prevented if the scrum is inacavatcd y 
The two experiments described briefly below illustrate the increased scnsi 
of sphcrocytcs to hemolysis in acidified sera 

I The blood was dens cd from i piueot R L suffenng from idiopithic icqoired renmlo" 

Ancnui seas severe hemoglobin 4 6 Gm cr) throeptes r,ioo 000 per cn mm svith 50 pjo 

cytc$ There was marked sphero:^ costs and a considerable mercase in osmotic fragi itj" 
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CKnctti 2t 0 7j 

Ti.u ^ ' «™m w., ht>tcd to 56 C 

/r ? fT T/"" ‘ "■'“ >'■'■ '■"■■ 

<^“f’ 0 ,ni,„,u[ Hm,l,Uc A n,m,a 

Tube* 

^ 

I Strensth of HCl 


«37c [ 

'"So of corputcle, , ~ 


\,4 I VJ.5 , fa N/M 


7 % ' 16% I iS% t-f^c 


*Each^ijb7^~ ■ ~- I ^ ^ I ^ 7 ^ 69164 61 55 

silioe. ° 5 '<="■“ o 05 mL aad and aos mL of a 50% snspcnnon of cor 



conns 


* ^^^opJob to 56C for thirry ramur^ Tt- cnr^ 

Spbercw hcmoI^'Tcd at apH above 6 nonaaJ co'p-j'^i'i O b-bix- n 

b> ,j'j a ”k of acquired hcnio’\ tic an-rau arJ C^/ coT^ital 

ctw^ Cent fat ^ ''0“ld 51VC a posm\'c acid s^rern t-i Th-'*'av^' J i •'*-i 

^ Cl Were added o °f hydrochlonc acid ran^inp in stvnjth fro'n \ _c to \ - 5 i ^*d 

^ ^ final susp-nsion of 5 p r ernr 

tfi ^ ^'nutcj 

irepr frozen in tb* rcfnprraio until Fn —f ^ - 

bjjL^ °°5mj \qJ ^ were delivered into t«o sen-t o'” 5'~jII r-Vt c * " ■* 

'■^^clJnjj^^^^^^^otaraoccofstcn^thsofhvdro.hlon a idadd i ^ ' 


^^nim o 05 ml volurD*^ of th“Co*pu'wJ'*<«*p* 
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■ tube The tubes were gentlj centrifuged after the addinon of the suspension of coipusda hii 
been completed (. e after apptoa.matel) ten minutes at room temperature) and bemolpsis estiniatrd bj- 
sual comparison w ith standards made from hemol) red patient s blood The deposited cotpusdes ssett 
then »bd the two senes of tubes incubated for tw o hours at 37 C The tubes sett- then to 

ccntrifugca ana hcraolysu esumated as before 

bo\c pr^cdurc was repeated using frcshlj sMthdrawn compatible normal scrum instead of the 
patient s semra The results arc gn-n m table t 


experiment was repeated using washed corpuscles from a normal subject and from 
p c t hemoglobinuria and congenital hcraolj tic anemia This last pauent was a voting 

0 n age 17 with moderate anemia hemoglobin ^ S Gm and cry throcvtcs 3 300,000 per cn mm. 
13 per cent rcticuloc) tes There was a considerable increase in osmotic franhey hcmolvsis com- 
at o 72. ^r ccn^aCl with 50 per cent hcmo!)sis at o 47 cent NaQ and complcr hcmoljju 
at o 30 per cent NaCl The Coombs test was ncgatisc 

inacuxatcd by heating to 56 C for thirty minutes was used and aadificd before thi. 
on o t c corpuscle suspensions as described for the prcMous expenraent The rubes were centn 
tuged alter incubanon for thirty minutes at 37 C Hcmol> sis was estimated by diluting volomes of ch 
pematants in /lo NaOH and estimating the liberated hemoglobin as alLalinc hematm The pH of 
A ^cre was no hcraol)si5 was measured approximatcU after incubation and ccotn 

ga ion y means of the indicators brom thymol blue and methyl red The results of this cipenincDt 
arc given in table 1 and m hgurc 1 

onset of hemolysis appears to be due to the inacascd scnsitivit) d 
spherocytic corpuscles to hemol> sis produced b> a fall in pH, as well as to the slight 
alterations m tonicity resulting from the addition of lo per cent by volume of 
dilute acid to the serum Bittorf,*’ m 1914, reported that the rcsisunce to aad of 
cry ocytes from patients with congenital hcraol) tic anemia was decreased, but 
gave no etails of his experiments, and little attention seems to have been paid to 
this phenomenon The effect of pH on the swelling of er) throe) tes in isotomc 
an ypotonic media has been admirably demonstrated b) Hampson and Maizcls , 

in p osp buffers, increasing acidity causes increasing swelling which reaches a 

maximum at pH 5 4 Swelling similarly takes place if corpuscles arc suspended m 
scrum or plasma of increasing acidity, *nd it seems likely, therefore, that a ma)or 
factor in determining the increased liability of sphcrocytcs to hemolyze m acid as 
well as in hypotonic media is their reduced ability to swell to the same extent as 
do normal corpuscles 

Of tnorc importance, perhaps, than the appreciation that sphcrocy tes hemolyze 
unusua y easily in acidified sera, is the observation that enhancement of scrum 
hemolytic activity by the adjustment of pH to an optimum bv the addmon of ajd 
seems not confined to the hemolytic reaction in nocturnal hemoglobinuria In 
t is a oratory, this effect has been observed in two other quite distinct tj^pcs of 
immune hemolytic systems In each case, as in nocturnal hemoglobinuria while 
ittle or no hemolysis occurred m unacidificd scrum, hemolysis was smkmgw 
obviOM if 10 per cent by volume of N/3-N/3 HCl was added to the scrum before 
c a ition of the suspension of corpuscles Thus, a positive acid scrum rest 
has been observed in — 

(<») Ante hemolytic Qemolystmc') anemta In a patient suffering from severe hemo- 
>tic anemia, who is the subject of a separate report,'^ an abnormal warm 
deraoiysin was present m the serum, and the patient s corpuscles having absorbed 
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of guinea pig scrum to reactivate inactivated human scrum and the sensitivity of 
patients erythrocytes to hctcrohcmolysins and isohemolysins (sec later) arc 
confirmatory, but need not necessarily be carried out 

Semtttvtty of Patient s Erythrocytes to Other Hemolytic Systems 

There is no characteristic morphologic abnormality of the crythroqtes of 
patients with nocturnal hemoglobinuria There may be a considerable degree of 
macrocytosis, as is often seen in anemia associated with rapid erythrocyte re 
generation, but there is no spherocytosis, and osmotic fragility and mechanical 
fragility arc normal Ham and Dingle’ have reported normal resistances to sapomn 
and sodium taurocholatc, and Shapiro” a normal resistance to lysocephalin Ham 
and Dingle also made an important observation when they showed that the 
erythrocytes from a patient with nocturnal hemoglobinuria were more sensitive 
than normal corpuscles to hemolysis by an anti-human antibody prepared by 


Table 3 — Diainoiis of tfoctKmal HtmoftobtRuria AciJijitd Scrum Test and Nf cssary Control OhitfroCttnc 


Tube 

Frtsh human scrum 1 

1 

50^ aallae luspeosioo of 
corpuscles 

Result jn Dxtumil 
henjoglobmuna 

I 

, Normal lo vol I 

Patient s i \ol 

Tract or no hemolysis 

XL 

Aadified norma! ‘ to vol ' 

Panent s i vol 

Constdcrahlt hemolysis 

III 

loacavatcdf aadibed* normal lo 
vol 

Paaent s i vol 

N» bemolyns 

IV 

Aadificd paacac s * lo vol 

Normal I vol 

N« hemolysis 


* Aadificd by adding 10% by volume of N/5 HO 

t laacuvated by heating to 56 C for 30 minutes and then acidified by adding 10% by v ume 
of N/5 ho 


immunizing a rabbit with washed human erythrocytes The patient s erythrocytes 
were also hemolyzed by human isohcmolysin more readily than were no 
corpuscles 

These phenonema have been reinvestigated and these increases in sensitivity 
found to be most striking Complement is required for hemolysis by isohemo ys 
but cither fresh guinea pig or human scrum can be used, and no adjustment ° 

IS necessary In the case of one patient of blood group A Rh positive, it was 0 
that the patient s erythrocytes were more sensitive only in respect of hemo )s^i 
when suspended in a range of dilutions of an anti-A scrum they were 
to about the same scrum diluuon as were normal corpuscles However, 
complement was added, in striking contrast to the behavior of the norm 
pusclcs the patient s erythrocytes were hemolyzed to about the same scrum 1 
as they were agglutinated In fact, a proportion of the pauent s crythrocyTts ^ 

diagnottic test for nocturoal hemoglobinuria Positive results fobtious hcmolysit joni as 

locnbation at 37 C) have been observed in acquired hemolytic anemia with marlxd »P ^pi^idieJ 
Well as m nocturnal hcmoglobmnna and in hemoglobinuria associated with bigh 
unless strictest prccauaons against chilling were taken 
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hcinolj^cd b> aJl of thirteen narurall} occurring anti-A sera, of agglutinating 
titers (final dilutions of scrum) ranging from r 8 to i 1014 That some corpus cs 
were hemolyzed b) a serum with the low agglutinin titer of i 8 is «pccia y 
tntetestmg and suggests that even lotv titer sera have uncxpcct emo yti 
Ptoperaes The use of erythrocytes from patients with nocturnal hemoglobinuria 

Tuti 4 . — Cunfaratm Sensilirilj Ic Afffutinalion and Himoljsis by anti A anil D and an! f 
Erythacytis and tU CarfuicUs frem a Fatuni milt Naiiarnal HinmiJibmiiria ^ 

’^le piQcnt s corposdes were agglunnated to approxima^y the same points were 

^hrocytes, bnt were macb more sensjnsc to hemol>si$. The nters reeo ronceatrtaoo of 

^ ilnaons of aernm. The corpuscles were ss ashed in sahoe and used at a final «n«na 
^ per cent. Fresh scrum from a Group A subject was used at a fin u~A beta allowed 

complement The tubes were kept at 37 C for thirty minutes j paspccoon End 

to scdimcDj 2t room temperature, end points of hemolysis were tea ^ ..—ncr.cnrc in a duph 
Pmnts of agglnnnanon were read microscopically after two hours at^om p j^mni 

tttc senes of scram diinnons to which no complement was ad c 

ntraicd in 10 per cent albumin “ 

~ Hefflolysin nttr 

Agslatliun titer — ^ 

Typ. cf 


I Ann A 

u 


'3 

*+ Ann D 

'5 

it 

>7 

I* Anti D (incomplete) 

'S- Ann M (human) 

^ Ann M (dried rabbit : 


A limed to dcroonstntc the 
thus appear to make more delicate anj ^ «tibodi«- 

‘molj tic properties of anti-A (or anti-B) sera i u,,r been demonstrate 

* crcnccs between pauent s and normal corpusc cs <3jjnr iraurc 

piiticnt s crjthrocytcs were not hcmol)2ed b} anv ° antiboJ' of 
^''‘■btxl.es of titer i/ix8 to 1/3000 or b) an incompl^^ 

of firJf’ 

• indebted to Dr L Shapiro for technical help some 
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ILkZr hctnoljsis was caused by two ann-M sera of moderate 

agglutinating titer (table 4) 

The Serum Factor Required for Hemoltsis akd the Nature or the 
Hemoettic Mechanism 

irlrnri cleaT whether or not the serum factor required for hemolysis is 

h!rr =** complement Evidence suggestmg 

tiat complement is involved is provided b> the fact that guinea pig sei^ will 

1 u ^ ? hcmol3sis produced b) human scrum and will, as shown 

I ™ *'cstorc activity to zymin or ammonium hydroxide treated 

oceover, there appears to be a general relauonship between a 
s a I ity to emolyze patient s erj throcytes at optimum pH and its compic 
estimated against sheep corpuscles sensitized with rabbit anti 
p emo ysin, at least in the case of adult human sera In six expenments 
, sera, statistical analysis of the data recorded in table 5 indicates 

at the two activities probably increase or decrease in parallel (p <0 01) This 
prove that the factors concerned are identical and it mightbc 
^ ^ciuld not demonstrate any fixation of complement by 

^ A ocytes in excess of that absorbed by normal corpuscles when 

e serum was subjected to successive absorptions with patient s and normal 
rpusces respectively Unquestionably, however, a specifically human factor is 
P*S serum alone will not cause hemolysis There is also other 
^ ®''S§®sts that some factor other than human complement is rt- 

instance. Ham and Dingle showed that lyophilisation of scrum reduced 
mo ytic activity without demonstrably altering complement activity against 

to from 45 C to 50 C, filtrauon 
^ “ candles and storage at room temperature removed hemolytic 
r ? than complementary activity Moreover, as has been already 

^ to, t ere arc marked differences between the pH requirements for hemolysis 
P ent s erythrocytes in normal scrum and the hemolysis by human or guinea 
^ eincnt of corpuscles sensitized by isohcmolysin or hctcrohcmolysm ” 

ere is us some evidence for and some evidence agamst the participation of 
uiMn scrum complement in the hemolysis by scrum of the erythrocytes of patients 
nocturnal hemoglobinuria, and in the present state of knowledge any thcoty 
anism of hemolysis can only be speculative It is suggested as a tenta- 
ypot csis that the increased hemolysis in vivo is dependent upon a cor- 
ptts a normality whose effect is to increase the scnsiuvity of the erythrocytes 
w certain hemolysins of immune body type All grades of increased sensitivity are 
countcrc some cells arc extremely easily hemolyzed, others hemolyze less 
y an some perhaps behave normally Presumably, the surface structure 0 
t hemolyze unusuaUy easily is more rcccpuve (? there arc mote 

nnn^ I ^ I ' hemolysin component of anu-crythrocytic antibodies than id 
corpus e, which seem to be distinctly insensitive to hemolysis although 


nni-m ) 1 component of anu-crythrocytic antiboaic 

scnsiuir'^^*^ T’ to be disunccly insensitive to hemolysis 

■which 031^ “tinauon This type of abnormality could cxplam the case wit 
^ ® *^ty rocytes arc hemolyzed by iso-antibody and hctero-antih ) 



J V DACIE 


”93 


ciutcn hcmol}sis m vi\o could also be explained on these lines if the 

Jctiv of a potentially hemolytic substance of low 

It) w eh perhaps fails to affect normal corpuscles seriously, but to which the 
jjj , * ”) throe) tes arc fatally sensitive to a greater or less degree because of 
>’pothctical surface abnormalities It is admitted that this normally occur- 

Exfmmxis «/ Iht HtadjlK Actmlj of Eifitnn Frist Adult Htmtn Sera 
“Spins lens of Ship Ccrpusclis SinstlixtJ with s m t d Robtil tntt Sbnp Corpusdi Sirnrn tnd 
against Nodvrnal HtmoiloBtnurta Bfjibrocytts 

^cennred ^ concentranon of i jo for csomaaon of tts abibty to hcmolyzc the 

corpuscles and undiluted and aadificd to opamum pH when used with the noc 
^oglobinuna erythrocytes The tubes sserc incubated m pairs or groups of four for 5 
<>*». ^ ^ then chilled and centnfuecd The amount of hemolysis m the supernatants 

Photoelectncally 

rcipond has been analyzed by the theory of probability This shows that the cor 

Qu^ls^ ranting order of the data in the two columns is most uohkcly to have been deter 

Cp<ooO 





% hcmob'iis of sensfUted 


Fresh adult human 

noctnrnol hemoglobfuuna 

»cmin 
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S bcmolyi,c substance ,n serum is only hypothetical and that 
t -parate eLm Nesertheless, for 

It seems almost certain that something different from or in aJJ.t.* ^ 
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'Sties ^ir complement is invoUcd in the hemo t'l' o p ,i,t, 
Sane ’ 'he pH requirements for the absorption 

>re similar to those recentU obser5cd>' as .haractenunc P 
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hemolysin present in the scrum of a patient with acute hemolytic anemia, the effect 
of pH on hemolysis in vitro would be that which is, in fact, observed in nocturnal 
hemoglobinuna 


Summary 

I Studies m vitro and transfusion expenments indicate that the cause of 
noctomal hemoglobinuria is an abnormality of the erythrocytes In vitro, pauent s 
corpuscles undergo hemol}sis in fresh human sera, but onl) within a pH range of 
6 to 8, a range more restricted on the alkaline side than the limits within which 
isohcmolysis will take place 

X The nonspecific nature of the aad-scnim test is emphasized In addition to 
nocturnal hemoglobinuna, positive tests for hemolysis may be obtained in chis 
way with certain warm and cold hemolysins, and in the presence of marked 
spherocytosis The control observaaons occessar> for the diagnosis of nocturnal 
hemoglobinuna are described 

3 The erythrocytes in nocturnal hemoglobinuna arc remarkably scnsiuvc to 
hemolysis by anti-A (or ann-B) but arc not hemolyzed by anti-Rh 

4 It IS suggested as a hypothesis that the same abnormality, presumably at the 
corpuscular surface, which is the cause of the increased sensitivity to hemolysis 
by anti-A results in the erythrocytes being fatally sensitive in vivo to a hemolytic 
factor distinct from complement and normally present in scrum 
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ACQUIRED HEMOLYTIC ANEMIA 

I The Relation of Erythrocyte Antibody Production to Acnvrn- of thi 
Disease II The Significance of Thrombocytopenia and Leukopenia 


Bj Robert S Evans, M D , and Rose T Duane, A B 


T NOW evident that the syndrome of acquired hemolytic anemia represents a 
which is separate m pathogenesis and course from the commonly 
esen c familial hemolytic jaundice This distinction, which was recogmzed 
y t e writers of the early part of the century, was lost sight of by many more 
observers, who suggested that acquired hemolytic anemia was simply a 
su eti outcropping of a latent inborn defect Since spherocytosis of the red cells 
IS a ways present in congenital hemolj tic jaundice and is sometimes observed in 
acquired hemolytic anemia, the confusion was natural, particularly when a sharp 
istinction could not always be made on clinical grounds Bcginmng with the red 
ce survival experiments of Dacie and Mollison,' it has become increasingly 
evident that acquired hemolytic anemia is caused by a hemolysin ♦ aaive for 
a erythrocytes, while congenital hemolytic jaundice is due to a defect in red ceil 
structime During the last few years it has been possible to demonstrate scnsitiza 
tion of erythrocytes from patients with acquired hemolytic anemia with im- 
munologic technics developed m the field of Rh sensiuzauon » ’ We have 
some evidence, then, by analogy, that the hemolytic agent in acqmred hemolytic 
anemia is an immune body similar to the univalent or hyperimmune Rh antibody 
an may be a response to antigenic stimulus The ready demonstration of the 
a noraal immune mechanism in acquired hemolytic anemia elevates this rather 
rare iseasc from the position of an obscure hematologic phenomenon of uncertain 
etio ogy to the general field of abnormal immunology Because of the unique 
properties of erythrocytes, the affected tissue can be isolated and subjected to 
close observations so that variations m the rate of production of the hemolysin 
can be measured in relation to seventy of the disease and to any type of thera 
pcutic procedure 

It IS worthwhile at this point to summanze our knowledge of the antibody 
like agent which appears to be responsible for the destnicuon of red cells m ac 
qmred hemolytic anemia 

I nc destructive agent appears to be a fraction of plasma protein, probabl) 
a globulm, since erythrocytes from persons with acquired hemolytic anemia a« 
agglutinated with the anti-human scrum rabbit serum of Coombs, Mourant and 
Race, as we cells sensitized by Rh hyperimmune antibody Red cells from not^! 
individuals and from patients with other types of disease arc not agglutinated b) 
this reagent 


• tT of Mcdianc Sunford Umvcriity School of Mcdianc San Francuco CaU 

wd blo^ h^olysm » used as an ,11 .udus.vc turn for agents known to bring .bout destruction 
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^°^‘bod} in thJscLSlcd r^n univalent or hypeninmunc Rh 

complex colloidal mediuL agglutinate m saline bat require a 

Ptt cent acacia in i e n-r ^ scrum, 30 per cent beef albamin and z 

“ccessar) factors to alW chloride have been found to provide the 

l>cmolj tic anemia it an proceeds at a fairly constant rate in acquired 

^P^aturc or pH for ^ docs nor require special conditions of 

keeping tvitb this DT^'^ ^ctivitj as is the case in some hcmol)tic sjndromes In 
experience that the of constant activit) of the hcmol)sin it has been our 

could not be dem ^°d} could be found on the surface of the cell when it 

4 We hX tr 

ted cell bj heatin'^ remove the sensitizing agent from the surface of the 

^c itnnmnj bod ^ ^ ^tispension of the sensitized cells to 56 C in normal saline ^ 
5 incc normal cclL^ ^Ppeared to remain acuve to some degree in the saline cluatc 
ulservation is co tc became agglutinablc in the Coombs reagent This 

So far t further evidence that the hemolytic agent is an immune 

cells has jjgj. c ° servaaon chat the lytic agent can be transferred to normal 
^nemnts m confirmed by others, and we have been successful in further 

5 SI a 

'destroyed af^'' for all erythrocytes since transfused cells appear to be 

•^though xvhich approximates the rate of destruction of the nance cells 

Acquired hem*^ T significance of the antibody-Iikc abnormaJit> found id 

appeared to h ° auenua appears co be established, the stud) of patients who 
of the abno ^ J recovered completely following splenectoffl) showed a persistence 
^gglutinable erythrocytes from patients in remission were found to be 

*^^orated h * anci-human globuhn serum ci^cn though all evidence of ac- 

the si Subsided This observation appeared to throw some doubt 

Possible tha' sensitization as a primary cause of the disease It seemed 

the tcsiijj 1, ^ ^^^^^xinabilit) of the crjthrocytcs in the carious media could be 
'Mission ^ chan the cause of the disease, and that splcnecromc produced a 
Other cemoval of the principal site of destruction of abnormal cells On 
aijiou ^PP'RCcd more likely that a quanntanve relationship between 

^P^iin cuituunc bod) present and the rare of blood dcstnicnon raicht 

'JUantitat ^ ^PP^cent paradox We attempted, therefore, to dccisc a method of 
^ Blade uniount of antibod) on the red cell so that racasuremenn- co-!i 

Pccscntin active and quiescent phases of the disease In this repo'i cce a c 

Cell of a direct relationship betccccn the amount oCantibodc o" 

BO the acticitc of the hcmol)tic process 
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Ten rabbits were injcacd subcutaneously at weekly intervals with o 3 cc of fresh human scrum for 
SIX weeks Following an interval of one month a second course of injections was given before the am 
mals were sacrificed and the sera collected The red cell agglutimns m the rabbit scrum were adsorbed 
by mixing the sera in 3 cc. amounts with equal quanatics of a 50 per cent suspension in normal safioc 
of pooled Group A B and O cells that had been washed repeatedly to remose serum protein The mix 
turc was then incubated at 37 C for one hour with frequent agitation before centrifugation and removal 
of the supernatant fluid Two such absorption procedures sufficed to remose all of the cell agglutmitu 
It was found important to use O cells as well as those of Group A and B since aggluanins specific for 
O cells appeared in low titer if O cells were not included 10 the adsorption process 

Once the rabbit scrum was completely adsorbed it did not agglutinate washed human cells of any 
group or type in any concentration It was then filtered placed in small ^'lals and kept in the frozen 
state where it maintained its original activity 

The amount of antibody for human scrum protein m the adsorbed rabbit scrum may be dcicrmiocd 
by precipitin titers Howes cr the authors found that the most practical method of assaying the rabbit 
scrum was to determine the highest dilution at which cells sensitized m a uniform manner with Rhi 
blocking antibody were aggluunatcd This was done by exposing Rhi cells of one indmdail to t 
high concentration of Rho blocking antibodies for one half hour at 37 C The Rii» blocking scrum tued 
showed an agglutinin titer of 1-5000 in beef albumin and was used in a dilution of i“io to scnsmic 
the Rhi cells The sensitized cells were washed three times in normal saline and added to the saline 
dilutions of the rabbit scrum and incubated for one half hour at 37 degrees before bncf ccntnfngatioo 
and microscopic observation of the cod pome of agglutination The two sera used have shown a coo 
tistcnt ability to agglutinate Rhi cells so sensitized m diluuons of 1-310 pins or minus one dilnuon 
Red cells from paucots with acquired hcmolyuc anemia tested for scnsitizauon were collected ^ 
venous or capillary blood and diluted directly in normal saline The cells were washed three times 
normaJ saline and a final a per cent suspension was approximated A drop of the suspension was 
added to a drop of rabbit serum and left for one half hour at room temperature and snbjcCTcd to 
centrifugation before observation of agglutinauon Cells from patients with active acquired hemo ync 
anemia showed a nearly complete agglutination m a 1 to 10 dilution of the anu globulin rabbit scruin 
indicating that most if not all the cells were sensitized Suitable control suspensions showed no agglotma 
non It was noted that cells from pauencs with acquired hemolytic anemu were agglunnatcd by 
dilunons of the rabbit scrum so observations were made to determine if the amount of antibody on 
cell surface had an inverse relationship to the concentration of rabbit scrum required to produce agg a 
tination That such an inverse rclauonship exists is shown by the analogy with cells icnsinzcd 
concentrations of Rhg blocking antibody Rhi cells w^rc incubated one hour at 37 C. xn semi 
of an anu Rho blocking scrum washed and exposed to dilutions of antiglobulin scrum an 
point of agglutination observed microscopically The results arc sho'vn in table i Mow 

It IS evident from the above that cells exposed to dccrcasmg amounts of sensitizing ana y» 
a concentrauon which saturates (i-oo to 1-300) require increasingly high concentraaons 0 
bulm scrum to produce aggluunatiou From this it may be inferred that avidity of paacflt * ^ 

agglutinate in the diluaons of the rabbit sera is proportional to the amount of anabody on 
surface jcrum 

In the observauons reported here we have used two preparations of anohunun 
Both show comparable activity for agglutination of Rhp cells that have been sccsia 7 
anubody However we have observed certain variaaons in the ability of these sera to agg 
from panents with acuve disease The cells of some patients show a consistently jcrcnl 

aggluunaaon in one scrum than the other These observations indicate the importance asing 
rabbit sera simultaneously to detect scnsitizaaon of erythrocytes in acquired hemolytic an 


Description of Patients 


Eleven patients with acquired hemolytic anemia arc included in 

One of the patients has been described m detail in a previous report ^ *^ocinia» 

of hemolytic anemia in each patient was based on the presence of a chronic a 



ROBERT S EVANS AND ROSE T DUANE 


1199 


rcQcuIoc) tosis, an increase in scrum bilirubin and, in most patients, the demon- 
stration of an increased fecal urobilinogen All patients showed erythroid hfper- 
plasia of the bone marrow The patients in the senes were grouped together under 
the heading of acquired hemolytic anemia because of an absence of a family history 
of anemia or jaundice and a lack of any personal history suggestive of hemolytic 
^ocmia. prior to the onset of the present illness in adult life In most instances, 
patients did not exhibit well-marked spherocytosis and increased osmotic fragihtj 


Tule »/ Amount of AnuMj on tht Oil Sorfocc to AiffuttnthiUtJ of StnstttKiJ Oils tn 

Dilutions of Anti ^lobulm Strum 
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ftirther distinction to congenital hemolytic jaundice, jj,, pjtients 

transfused cells was evident when ate tests 

er Varieties of hemolytic anemia were excluded } ap 

” 5 of the II patients there was nothing to sugges ^ ‘■on-li'’''"' 

2 of hemolysis In 6 of the patients there _ aK-C " _ 

'*^ed With Onset of the disease which hate been rcc TI t - 
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vancd in seventy from the mild to the \cty acute form, and in all patients the 
course tvas prolonged oter a period of weeks, months and even years, so there was 

ample opportunity to make serial observations to confirm the inmal data recorded 
in the uble 


Results 

I ^ttvity of the Hemolytic Process iii Relation to the Amount of Antibody on the Oil 
Surface as Measured Agglut inability of the Erythrocytes in the Anti-globulin Serum 

For this purpose the patients may be divided into three groups as follows 
^ P^^'cnts were studied with the Coombs reagent in both the aenve phase 

an uring a remission In x of the cases (Nos i and y) the remission followed a 
splenectomy, and in the other x (Nos 3 and 8) the remission occurred spon- 
taneously after weeks of observation of the active state 
^ Two patients with persistently active disease did not have splenectomy 
ne o these (No x]) died without benefit of splenectoms after several weeks of 

0 servation The second patient is an elderly man (No ii) who has hemolytic 
anemia in association with chronic lymphatic leukemia Results of x-ray therapy 
will be discussed below 

3 Five patients have been studied with the antiglobulin serum technic follow 
mg splenectomy Two of these patients (Nos 4 and 5) have active disease with 
anemia and rapid blood destruction, although there was evidence of some im 
provemcnc following splenectomy Three patients (Nos 6, 9 and 10) were studied 
at periods of one year to eighteen months after continued remissions induced by 
sp cncctomy In all examinations the erythroci tes showed agglutination in the 
annglobulin serum 

In general, good correlation was found between activity of the disease and the 
am^nt of antibody on the surface of the red cell as measured by the techmc de 
sen above As shown in table 3, erythrocytes of patients with active disease 
were agglutinated by dilutions of antiglobulin serum which ranged from 1-80 
to I 1x80 On the other hand, the erythrocytes of panents in whom the disease 
process had subsided so that the rate of hemolysis approached normal were ag- 
glutinated m ranges of i to x diluuon up to 1-80 
There seemed to be some variation between individual patients as to the amount 
o antibody on the surface of the red cells in the active phase of the disease as 
compared to the amount present during a complete or partial remission While 
most patients with active disease showed agglutination of cells by i-i&> 

1 uaon of the anti-globulin serum during the acuve phase of the disease, one 
patient (E S , No n) had erythrocytes which were frequently aggluunated by 
dilutions of 1-1x80 or i-xyoo On the other hand, the red cells of A D , No 8, 
w o a a somewhat milder degree of anemia, were never agglutinated by < d 
uons greater than i to 80 However, when this patient entered a remission, whic 
tor a time appeared nearly complete, agglutination of erythrocytes was not present 
in diluuons greater than 1-3 

An excepuon to the generalization concerning aggluunabihty of the cells and 
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ictivic) of the disease was observed in a patient (H S , No 5) m whom the 
disease seemed to be persistentl) active but whose er} throcytes on 
ii^sions showed diminished susceptibilit} to agglutination as shown in ta e 4 
There seemed to be no relationship between the sevcrit) of the anemia an t e 
teticnlocytosis to the amount of immune body on the surface of the red ce unng 
the penods of obsen ation There are several possible explanations of this observa- 
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the susceptibility of his cells to agglutination in higher dilutions C1-160) of the 
rabbit serum without immediate return of active anemia as shown in tabic 5 
Of particular interest are the two patients (Nos i and 7) who were studied 
before and after splenectom) , since they provide data as to the mechanism of the 
response to splenectomy In both patients there was a decrease in the agglun 
nability of the red cells in antiglobulin serum and a cessation of abnormal hemolysis 
during the week following splenectomy as show n in table 6 


Tablu 4 — Serial Ohserrattens cn a Patient icttb Attire Hemolytic Anemia vbest Oils Oaasienallj Stinti 

to Show Dimtntsbtd Amount of AnttboJj wtshout Varying tb< A^trtty of tbt Dt^test 
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Table 5 —SpntuneoMS 'Rxmisston Associated teeth or VoUoxetni Vtmtntsbtd AnfetjnabdtsyoffhehisdCMs 
So jar there has been no totdente ofreetartnet after the cells aj^am became susttftthle to alflusenatto* tv 
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One of the patients (C S ) showed a fall m the hematocrit and a rise m 
index to 15 six weeks after splenectomy, accompamed by evidence of ^ ^ 

in the amount of erythrocyte antibody on the cells, but no further cvi 
relapse occurred She was well and free of and symptoms of hemolytic ^ 
SIX months later The second patient (O W had a relapse and died m a dis^ 
part of the state about three months after our last observaaons showed e pt 
to be qmcscent 

Serial observations have also been made of one patient (]E S ) during ^ 

of x-ray therapy of chrome lymphatic leukemia The essential data arc s 
ublc 7 
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It IS of interest that there was an improtcment in the anemia following a reduc 
tion in the lymphoc) te count in the response to x-ray therapy At the same tun. 
the amount of antibody on the cells appeared to reach lovsest concentration of any 
time during his course These variations may be chance variations in the disease 
and bear no relationship to x-ray therapy However, exposure to x-ray has been 
shown to dimimsh antibody response in animals, and we have previously observed 
improvement in a patient with acquired hemolytic anemia’ gisen x-ray therapy 
With a method of assay available, further data may be obtained on the effect of 
x-ray on the amount of antibody produced in acquired hemolyuc anemia 



DAYS ^ 

Flo I — Sun nil umc of transfused cells m pitients svith acquired hemolyuc anemia and in 
svith other types of hemolyuc disease Patients S E S J B T G all showed sensitizauon of t = 
^Ttftrocytes Pauents C P and A had congenital hemolytic jaundice Mediterranean anemia an 
paroxysmal nocturnal hcmoglobmuna 


n Tht Longevity of Transfused Cells 

Observations of the survival of normal transfused cells was made by the technic 
of differential agglutination m 6 of the ii patients The results of these observa 
tions are shown in figure i In all 6 cases the destruction of the transfused ce s 
several times the rate of destruction of transfused cells in normal individua ® 
in patients with other types of hemolytic disease Observations in figure i me u ^ 
congemtal hemolytic jaundice, Mediterranean anemia, and paroxysmal noctum 
hemoglobinuria 

In three addinonal patients in this series (Nos 1, 4, 5), repeated 
were necessary, and it soon became apparent from simple calculation at 
transfused red cells were being destroyed rapidly because of the transitory c 
on the seventy of the anemia In each case enough red cells were ^ 

the space of a few days to replace entirely the patient s cells and to pr 
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On the other hand, 3 patients in this senes (H S , J F , C A ,) and one other 
patient (H J ), reported elsewhere,” showed curves of h)potonic fragiht) which 
were considcrabl) increased above the normal range Three of these 4 connnnal 
to have chronic hemol) tic anemia following splencctomv The fourth patient 
(C A) showing greatl) increased hjpotonic fragilit) of the red cells had bj 
some criteria the most severe hemol j tic anemia in the senes and died without 
splenectomj 

Sweeping conclusions cannot be drawn from these observations, but it is evident 
that the susceptibilit) of circulating crvthroc)tcs to hcmol>'sis in h)’potomc solu- 
tion may be quite normal in the presence of active disease even with sensinvc 
methods of measurement The increase in h)potonic fragility when the disease 
persists following splenectom) suggests that the spleen in situ may remove the 
spherocytic cells from the circulation and heep the curve of h)'potonic fragility in 


Table 8 — Fhtelet and Lenhtnft Ccanti btfore and ajttr SpItnT'far^y in Patient ith Shited Thembrjti^ 
er L/ukapffttJ a!ont, tetth Astst( AnrmtJ 


Patient 

riateletj 

LcbVooIm 

j Before ipicnectomj 

'Followiop tplenectomy 

Before spJenectomj 

FollOWBlC 

c s 

70,000 

1 -.00,000 

1,000 

y,KO 

J F 

F R 

0 W 

60.000 

10.000 

11,000 

1 70,000 

' 45 >‘»° 

1 675,000 

13. «» 

9. 500 

1,700 

18,000 

6,700 

8 050 

D B 

1 

35,000 

106 000 

1 190 000 

Normal 

3,000 

Normil 


the peripheral blood close to normal range unless the disease becomes vet) acn 
as was the case in the patient (C A ) who died without splenectomy 


IV Thrombocytofima and Leitkttpeiita 

Five patients in this senes had persistently low platelet counts prior to sp 
tomy, and i of the 5 had a marked degree of Icukoficnia These findings 
marized in table 8 , which shows representative platelet and leukocyte 
before and after splenectomy .fotations of 

Only one of the patients with thrombocytopenia had clinical ma jicmO" 
purpura This patient (F R ) was hospitalized because of purpura, an 
lytic anemia was not suspected at first The rcmaimng 4 patients di ^ cu 
purpuric manifestations, although the platelet count was below of 

mm in several determinations Following splenectomy, the plate ^ 

three of the five patients rose to a normal level or above, conco porpura 
subsidence of the hemolytic process The patient with throrabocytopc^^^^^^lj 
and hemolytic anemia continued to have few platelets in the pcrip c ^gojncy 
platelet counts of 10,000 or less for the remaining nvo months o 
and during the postpartum period In spite of the failure of her p jnd 

there appeared to be a definite improvement in the purpura after opera 
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f^fiinning fbort'ote hcmoljtic anemia improved slowly, 

of delivery She xv splenectomy, but was still active at the 

the time of dclivcrv^h^ 'vered without incident with one transfusion given 
P®" <tii nun , and th ^ P'atcict count one year later was still only 50,000 

though the hcmnrr.,- evidence of some sensitization of the erythrocytes, 

^ second patient a 'f^ reticulocytes were o 5 per cent 

following splcnect ^ oonnnued to exhibit a persistent thrombocytopema 
real remission alth°*^^h e t-hronic hemolytic anemia also persisted without 
operation ' there was evidence of some decrease in seventy following 

leukocyte count leukopenia showed a prompt and consistent elevation of the 
°f the other blood^ normal range following splenectomy, along with a response 


The d Discussion 

to the rhe direct relationship of the amount of adsorbed anti- 

the pathop ^ tlcstruction of red cells is another step in our understanding of 
tociatcd acquired hemolytic anemia Activity of the disease is as- 

rttBission tn h maximal adsorpnon of the immune body , whereas 

*4torbed ^ ^ ficmolytic activity is, in the mam, associated with distinctly less 
Peatance substance So far we have not observed the complete disap- 

ycarorm° ^ ' abnormality, even in patients who have been in remission for a 
imm explains perhaps why relapse of this disease occurs so readily 

Appears effect of splenectomy when it is successful m producing a remission 

sensitizi ^ brought about by a sharp reduction of the amount of adsorbed 

Product ^Sent on the cell This suggests that the spleen is the principal site of 
able sensitizing agent Waglcy and co-workers'" have recently been 

uf sdI ^®oustratc the persistence of the sensitizing agent in the washed pulp 
fgjjj from patients with acquired hemolytic anemia The failure of splencc- 
of P™‘^ucc a remission in some patients is evidently due to the production 

, cicnt hemolysin in other lymphatic or rcticulo-cndothclial tissues to keep 
'^'-asc active Even when the hemolytic process continues there is usuaJJi 
(b splenectomy has diminished its seventy This obsersanon implies 

proportion of the total quantity of hemolysin is alwais produced in the 

"Pbe exact nature of the hcmoUsin is still not cntirch clear The chief question 
^eenis to be whether or not it is a true immune bod\ or some cntirch diFc'cnt as 
'^''bnoxvn, type of variant of normal plasma protein E\idcni.c is needed ro 
* O'v that the hemoly tie agent is a specific immune response to an antigen corinon 
to cry throcy tes Perhaps a complex of some component of the red cell and a ft -eicn 
Substance such as a virus or medication provides the ncccvsarv anticenK s-i^-lus 
bbis explanation would be more clcar-cut if it were shown that hemolv ti^ ar-"').s 
'It^finitciv associated with sulfonamide mcduation exhibited the sa^e eviJ'" - t-' 
Sensitization of the erv throevtcs In our senes one patient re eired co' ' ' er.-i 
pt'or to and during the onset of her disease hut this tar-o he —e.-ded . - 
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tion of gold therapy ^ > complia 

««Xc' Scirrs - "•‘fy ■'“ - 

IS used to describe hemohtic dn ^ ^ omatic hemolytic anemias This term 
states including lymphols Luter 

one such patient but the me'rh-in So far we have studied only 

patients with acquired disease It is'or ^ ^^me as in other 

Wh..h „ S a”vT,„ ; '7'“' ■'■“ »' '> ”Pk“) ” 

hcmolj tic anemia and that treatm ^ ^ antibodies, arc associated with 

be helpful in controlling thTh r^^ *"« by x-ray is said to 

an improvement m the fnemia and ** P’'°*’^bi> significant that 

antibody followed x-rav thrr-in f . , decrease in the amount of adsorbed 

technics should be employed 'm acquired hcmoljtic anemia several 

antibody Our expenenw O'- absence of adsorbed 

sera, indicates that s^>rr 1 firl^ separately prepared anti-human scrum rabbit 

to demonstraTthe p^ n should be used 

..VC -.Sod^hotlHri ' ? ‘PV..S. »«. ’■>"»>> — 
erythrocytes should be cner- j j l °">'^'’ouon with the Coombs test Washed 
incubated, subjected to 3° per cent beef albumin, 

possibility of sensitization w dSa'rdcd "ih '"'P'oted for agglutinanon before the 

an attempt to demonstrate kte antihll^' ^ employed m 

the free immune body if n ^‘"“body m the serum Normal cells wiU adsorb 
in the GDombs rca^mr ^ patients scrum and become aggluunablc 

free antibody m the pan albumin However, our efforts to demonstrate 

sistcncy with which scimm have been inconstant as opposed to the con 

The exact mechanism of ceu",! be adsorbed on circulating cells 

entirely clear Wc hav wtruction brought about by the anubody is not 

lysis with the X^t, no evidence that hemolysis occurs as a result ot 

show that destruction f There is, on the other hand, evidence to 

antiglobulin scrum indicaJfh!!^^ relatively slow Observations with 
are scnsiuzcd, since ne 1 I! majority of cells in the penphctal blood 

of pigment excretion ani \ ^ 'o'^olvcd in the agglutination However, snidics 
survival amc of sev I A ° of longevity of transfused cells indicate a 

docs not bnne ahnnT^ average cell It is evident that scnsitizaaon 

There is evid "Mnediate destruction 
reversible, since cell ‘^ansfusion experiments to show that sensitization is 
normal survival tim^ with acquired hemolytic anemia may have a 

demonstrated that A transfused into a normal individual ' It has also been 
and exhibit a normal * ^rnsitizcd by B agglupnin arc not irreversibly damaged 
served that transfused*^*'"^!,*^*™' being used in a transfusion '' We have ob- 

“fays pnor to spJcnc ' ""b'ch have been in the patient s circulation for several 

process show a normarr'^r/°rV'“°“^““'"* to be involved in the hemolytic 
rate of disappearance when splenectomy has produced a 
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remission Wcma-I rr. 1 J e 

oecr the cours f ^ ^ ^"^^^‘rnsitization brings about cell destruction sicrsvir 
irTCTcrsibh ^ ° immcdiatcl) damage the red cell 

pJanation ofcel^'rf susceptible to agglutination in mvo we have an cx- 

%Iatimti s h that the iniectioa of a simple 

hare n fT* oncanat aim A, will produce a hcmolrric anemia in animak '* 
hcinoJpric anc ^ Rgglutination of red cells from patients with acquired 

“■ vitro Wh^'V" ' agglutination does occur under optimum conditions 
letted to 1 h ^ ' 'vashed cells arc suspended in whole human scrum and sub- 
‘l*'^Jitativc*\ ‘-^"rrifuganon, agglutination is usually observed The rcacuon is 
Proportional have the impression that the intensits of the agglunnaaon is 

serum tcchm t^ogrcc of sensitization as measured b\ the anti-human-serum 

Or inactivc^^b ^ '^osenbed abos e In several instances, cells from patients in mild 
scrum disease failed to agglutinate when centrifngcd in whole 

tell Surface ^ ^ ^tRusc of a lack of sufficient concentration of annbodp on the 

Portant^ Probablc that agglutination of sensitized cells m vivo is the most im- 
^e*ds to Vorsin in cell destruction Agglutination produces stasis of cells which 
phagocn*''''^^^r^ mechanical fragihrv and probabh susccpnbihtv to 

““tessari ^ ^ tnneal concentration of immune globulin on the cell surface is 
op hemol P^^^^rice agglutinanon m \ ivo we have an explanation for the cessauon 
ro be CO quiescent state since the amount of antibody on the cell appears 

on^h reduced The suggestion that a certain concentration of immune 

absence f h ^orface is necessary for cell destruction in vno mas explain the 
orcurred ^ruolytic disease m the newborn even when maternal sensitization has 
thjtfjj ^ore IS maternal-fetal incompatibility In these instances it is possible 

roough ^°°''™^ration of immune substance on the baby s cells mas not be great 
The agglutination and hcmol>sis 

^rquircd if of the association of thrombocytopenia and leukopenia s'lth 

'bromhn anemia are clear It strongly suggests that the leukopenia an 

broatj-j. *rt these patients is due to the presence of an immune boJi "it a 

Rctmtv than the red cells or to a separate immune sul>rancc o' 

®t)rc hi 1 specific for platelet and white cell tissue The latter esplanation is 

’tid thr ^ ^ °° correlation between scverin of the hemoh tu p o.^ 

R'‘chjn °P rhromboCMopenia or leukopenia It is possible that a situ ar 

"bich ^ found for thrombocyiopcnic purpura and splenic n-utro, -ni 

°bservif single disease states unaccompanied bi hemoJs tu anema r. k - 

^frniia occurrence of leukopenia thrombocs topenia an -tr ^ 

'■'port of" b*' Wiseman and Doan'* in 'bnr o‘iC 

Authors ^*®^ry splenic neutropenia, and bs Dameshek and Estr-n^ , „ , , 

Icul ^ these cases as hspersplcnic hemoh tK arania ar- a ^ ^ 
'^bibitin*^'"* thrombocs topenia on the basis of an unus-ai s--- _ , 

spicn-jf “Poti the bone marrow Such cases often show a rema ^ 

bt IS probable that the hemoh tic anemia in the P-' 


"^'linrcd s 


^cicts , csp~j.,3])^ since a famih histo's ci‘ h-moh ti la- 


'J e' 



12.10 


acquired iii:.\iolytic anejua 


ing A patient with splenic neutropenia described b) Rogers and Hall'‘ shoivcd 
thrombocytopenia and a mild anemia with slight poljchromatophiha, normobluts 
in the peripheral blood and elevation of the indirect reacting serum biliiubm 
Fisher'® recently commented on the presence of leukopenia and thromboevtopenu 
in one of a series of patients yyith acquired hemol) tic anemia 
The association of thromboc) topenia with acquired hemol) tic anemia seems to 
be more common than the occurrence of a panhematopenia In igqi we observed 
seyere thromboc) topenia sMth fatal termination in 331 )earold man yy ho had had 
splenectom) three )ears preyiousl) for hemol) tic anemia that was evidently of 
the acquired variet) since there yyas no past or famil) histor) of hemolytic dis 
order A mild thrombocytopenia was present yyith the seyere anemia pnor to 
surger) There yy as response of both anemia and thrombopenia following operanon, 
and he yvas yvell until the deyclopment of purpura four )ears later in which blood 
platelets yycre close to the zero ley cl He died of a cerebral hemorrhage and autopsy 
shoyved no evidence of an accessor) spleen In 1942. one of us studied a panent 
yvith acquired hemol) tic anemia yyho exhibited seyere throraboc)'topcma during 
most of-seventeen yyeeks of hospitalization Platelet counts became normal for a 
short inters al following splenectom), but the thromboc) topenia recurred along 


yvith continuing hemol) sis 

The patient in the present senes yvho shoyyed clinical purpura dunng pregnancy 
seems to represent a transition betyyecn acquired hemolytic anemia and classi 
thrombocytopenic purpura in that the bleeding tendency and anemia yvere 
important clinical features To complete the transition from one disease to 
we have recently studied a young woman with idiopathic thrombocytopenia 
shoyved a relatively mild anemia yyhich may have been caused by the 

Vaginal bleeding Hoyvevcr, her red cells gave a positive test yynth the anu g 0 

serum in a dilution of 1-40 on several occasions Evidence of red cell scnsinza 
ceased abruptly and completely folloyving splenectomy , although the 
cytopcnia continued with some improvement over the course of months 

The various explanations of the cause of pnmary thrombocytopenic p 
resolve into tyvo principal points of vieyv The first holds that throm 
occurs because of deficient formation of platelets in the bone marrow 
and Miller (18) found an increased number of megakaryocytes m 
which were qualitatively abnormal in that they did not seem to be 
platelets They postulated a hormonal influence of the spleen in depressing 
formation Excessive destruction of platelets, particularly m Pnoap*^ 

alternative explanation for deficiency of platelets in the peripheral P ° -rccssitc 
exponents of diis vieyv are Doan and his co-workers, who have observ^^ gjcesswc 
phagocytosis of platelets in supravital preparauons of splemc tissue 
phagocytosis is also advanced as the explanation of primary splenic p 
pema with hemolytic anemia, thrombocytopema and leukopenia but 

Abnormal phagocytosis of damaged blood elements probably ioi 

we doubt if the macrophages of the intact spleen have the capacity 
digest the amount of cellular elements necessary to produce a severe 
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P^ii in view of th f 

spleen consisun^f^f^P^''^ of the marrow The suggestion that 
less plausibjf ^ the sa^. 

ttance similar to formation of an antibody-likc sub- 

Mccssivc dcstructinn t'^'Jtiircd hemolytic anemia both deficient formation 
torombocytoperua somrr.r^''^ c producing the extreme degrees of 

agglutination and oh observed Sensitized platelets may be susceptible to 

the circulation mav Pt”‘=o‘^c of an anu-platelct antibodj m 

th^honnation of platelet' toplasm of the megakaryocyte so as to inhibit 

^ytic anemia and of a common ctiologic mechanism for acquired hemo- 

"^ita as to the efferr^^T' r purpura, it is worth noang that the available 

COnrTi^. — . . ^ ^picncctoniv in fhi^ rxtro cV»rwT»e ^ botjf} 

to some 


^ to the df f purpura, it is worth noDog that the ; 

^oditions the ° splenectomy in the two diseases shows a similarity 
butin onj is uncertain It is usually beneficial to 

after a r ^ thirds of the patients IS remission complete 

remission has been observed in both groups of patients 
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SuMStARY AND CONCLUSIONS 


Obsc 


1 jjj scions of II patients with acquired hemolytic anemia arc reported 

tfiisgrou patients with congenital hemolytic jaundice, all patients in 

hkc ag. P®*“imtcd evidence of sensitization of their erythrocytes by an ancibodj- 

cellc ,» patients studied there was abnormal destrucaon of transfus(^ 

'=us in VIVO 

3 The 

CouJtJ ®®''^itizing agenr was found to be adsorbed on the erythrocytes when it 
adsorlvj*^ ^ 'demonstrated m the scrum A rough method of assay of the amount 
this u devised by making serial dilutions of the anti-globuhn serum With 
i>od ^ ^^‘*^dy consistent corrclauon was found bcDvccn the amount of anti- 

^ ^dl and activity of the disease 

red P '^"'^'^'’ttiy when successful appears to exert a curauve effect bj sharph 
‘^'Og the amount of antibody substance on the cell Patients «ho had not 
^ ponded to splenectomy in the past shemed c\idcnce of saturation of their cells 
j j adsorbed antibod> The ciythroc>tcs of patients who had responded to 
Penectomy and were in remission when studied shots cd distinctl) less antiboJt 
Cell by the same technique 

5 Two patients were observed to enter spontaneous remission after a lone period 
O' activity The onset of remission in both was associated wnth a decrease in the 
“fOount of adsorbed immune bod> Howeter, one patient has shots n ctidcr^e o' 
'^‘^Curn of antibod) production without immediate rcLurrencc of the hcrolt il 
anemia This inconsistcnct is not explained 
^ The tcndcnct totsard sphcroct tosis as measured hi increased osno u Kcih i 
or maj not be present in acquired hemolt tic an-raia Prior to ’ - 

•"ost marked increase in hjpotonic fracihtt was obsertcj in t'-c pa w, * ■ - 

"'ost acme disease Continued acmin of the dis-ase lollots.nc p’" 
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cntic/L““'os°rhtr"t“h's''h'° 'k' “7°“"' "“I"*' 

increased mechanica] fragihn “nd pLTbl^^T”’""”" 

increased cell destruction ^ ^ msis probabh explain the 

d.rV?„V»^;“ lt5'7 "'“-P”- 

bod, .g=n.,.SS„„° “ ‘1“' » •"■««-= 

-od v.p,„ “ro^r/v;. 't';;:;:!:! r r” 

pu7r7r„oZ7™r„“''h'"‘' 

j R-crtfcc'jcrs 

DaQE J V and Moujson P T Snrntt I f 
'Vith fairulial haemoh tic anemta T ^ tes after transfusion to panenu 

Emerson C P Jr Suev S C Ham T'h Mr 

non m congcn.ul hcmoln.c jRUDd.ce t Cl.n T^^ ^ ® The racchjmim of blood dcnrnc 

’CooM« R R A Modrant A E rn'«tig>tion iiSo 1947 

incomplete Rh Rgglutmms Br.c I EtL- "^i. 11" 

Boorman R E Dodd B E a*™ Ld^ - 5 S --66 1945 

geniul and acquired Lancet i 7° ^ HaemolJ^^c icterus (acholuric )anrdice} Con 

^ B. S Duane R X R ^ ^ 

anemia Mith anti hum.n .i^u^i ^ Demonstration of antibodies m acquired hcaolpnc 

‘Neeer j t iTmtlTa ^ ^ 

anemia b> the use nf « t, il P™'’'fd demonstration of arculating antibodies in hemolytic 

’SrtmoEON P AnewannbXmsrrf"" 

a.93 1^7 ^ ro ot patients with acquired hcmoI)’Tic anemia Sacncc i*( 

^ A 2 ^^h 

multiple red cell transf Observations of the cfifcct of fat content of the diet and 

Duane R T Obscr\au ^ 

cxhibitinp hcraoliTir n ^ect of irradiation in chronic acquired hemolriic ananu 

*«Waolet P F Shen s T W 

blood cells VI The sol F H ajtd Castix W B Studies on the destruction of red 

certain patients with ac^^ of a substance causing agglutination of the red blood cell* oI 

J Lab & rii a^Lj fJC jaundice by an anti human senun rabbit scrum (Coomb* 

Stats D Rosentha 

diseases Am T Dm D ^asseriian L R HcmoI)tic anemia associated with malignmr 

^Lotmr IP xr ^ August 1947 

J h and bdoLUSON P T U » » J 

quircd J Path A <. ^ ^cmoi^'tic icterus (acholonc jaundice) congenital and ac 

iJHAjif T w ^ 711 1946 

riA&f I H and Glsti^ W B R I f 

mechanism of hemol s of increased h}'potomc fragility and of crythrostaiis to the 

'MViseman B K. and^Do*^ ^ Physiaans // 1x7 1940 

closely related to con^^ Fnmary splenic ncutropcmi A ncwl> recognized sjudronic 

lot Med r6 loq-' cmoI)'tic icterus and essential thrombocyropcnic purpura Ann- 

;;Rooe.sMH an^h!!^BE Pruu 

FtsTTER J A The cn^rr, ^cimarj splenic ncntropcnia Arch Inc Med 7/ *945 

Evans R s Acute hemfT’'' hcmol>'Uc anemias Quart J Med itf -45 

August 194J anemia with autoagglutmacion A ease report Stanford M- ^ 
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SEROLOGIC METHOD OF PURIFYING BLOOD GROUP A SUBSTANCE 
B ) WiLUAM C Boyd, Pu D , and Rose M Reguera, B S 

T he use of blood group A and B substance for the conditioning ‘ of 
group O blood for transfusion (i e , partiall) neutralizing the ana-A and 
anti-B agglutinins in the group O plasma) has toda) acquired considerable im- 
portance, and would probabl) continue to be used in time of war ’* The A sub- 
stance used for this purpose has been prepared from hog stomach linings, and the 
B substance from horse stomachs (this B substance has ing also some A acuyity) 
Representative methods of preparation are described b> Kabat ^ 

Regarding any material to be added to blood before it is used for transfusion, the 
question of purity is, of course, important When the use of these A and B sub- 
stances was first introduced, little was known about their chemical composition, 
although information suggesting their safet) was available And, in fact, the wor 
of Kabat* * has since shown that the earlj materials were certainly mtitutes, 
contaimng some active and some inactive material It was felt at the time that the 
preparation of a matenal known to be loo per cent pure, even in small amouuK, 
would be worth while, as it would provide a standard of potcnC) with wbic 
materials offered for large scale use could be compared 
It IS, of course, possible that chemical methods alone could yield matenal w 
would be completely pure and loo per cent reactive, and some of Kabat s ate 
work suggests that he has come very close to achieving this aim Nevertheless, it 
seemed desirable to test an entirely different method of preparation, one m sv i 
the method of purification was pnmanly serologic The present communicatiou 
deals with the results obtained by application of this method 

It has long been known'® that it is often possible, by injecting rabbits wi^ 
human erythrocytes of blood group A, to obtain precipitating antibodies or 
substance It was shown’ that such antibodies would precipitate the 
stance prepared from hog stomachs It is obvious that this affords a delicate to 
specific method of separating serologically active A substance from inactive car 
hydrates which arc present and which arc similar in their chemical prop^ ^ 
If the precipitate which results when a crude preparation of group A su ta^ 
and a precipitating antibody produced by the injection of human group cry ^ 

cytes IS washed thoroughly with saline, it will contain only serologically ^ct 

substance, anti-A precipitin (a modified rabbit globuhn), and 

lipids and various components of complement * Removal of the antibo y 

leave a group A substance of a high degree of purity 

Mkthods 

C OCT Ceflf 

I Prcdttctton of antuera Rabbits were injected three times weekly with one cc o » 3° 
pension in saline of washed human crythro^tes of group A To avoid possible Tari acioo — — ^ 

From the Department of Biochemistry Boston University School of Medicine Grants 

Thu investigation was supported by a research grant from the Division of 
Fellowships of the National Insatute of Health U S Pnblic Health Service 
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BlccJjflgj antigens the cells of a single individual (U^CB) were always employed 

after the ^ animals had produced group-speafic prcapicins within five 

cnuL A started The prcliminatv tests were done by the intcrfacia! technic using 

poptrtions * pooled actisc sera sscrc assa}cd for antibody content by the method of optimal 

^ Sum F indicated a content of anttbodj nitrogen varying from o i to i o mg per cc. 

^ intended f i k A substance used was a preparation of the Eli Lilly Compan) designated 

^ofL only (Lot numbers R 15 and 330) Analytical daufor the latter preparz 


Pwlof jcrT'^/^ frntpuatts After dctcrmiDauoQ of the oputnal proporuons rano of a given 

Pallia 10 filtered) a solution of A substance containing the calcnJatcdopamalxmoanr 

f^Pitat^ The mixture was allowed to stand in the iccboi overnight and the 

ilntncc of ^nd washed until the washings were free from protan as judged by the 

cscencc when saturated with picric aad From three to five washings were usually re 

^Bodr ^ ''fwwe the sntihodj Various crcatmcncs designed to remove the anubody from the 
^Uine 6^^^ ^otnplcx were tried using a total of 18 samples of crude Wood group A subscance 
3 5 mg They included (a) digestion with trypsin (b) digcsnon with chymotrypsin (c) 

fsatc 1 * 7 ^ 

Jpifa Inhtbttion Ttst Cempartson of actnttj oj L4IIJ 1 pr (tat A Sgbsfficct snd Tdfatr pht 
phtnol mated A Ante A Fnupttatt 

Results of tests with Ai cells 


-A ISO Immune 


serum plus 


OilaUcm of soloUou of A robrtince 


- I - I - +M 


— — unau I iw I — ~ 

'^Atabsurte 7 I r _ +j 

"TW^AnuApeapute Ij - - ' +M 

~ I I [ 1 - ■ 

Cat a Qcgauvc rcacaon +1 eta indicates positive reacnons of diEcr 

1*4 being complete (solid) aggluanaaoa 

cystanc hydrochloride ■> (d) irtatmem in tie Bls:dcr 

® tteianm °™ alcohol ” (e) treatment at room temperamre mtb 90 ga cent p 

C with so per cent phenol (g) rreatmenc wtth o a, N tndtln^accnc 
'^ttJCnt ^'iT'J'* ^°°° *'™o5phercs' for twenty font hoars (1) digesoon snth 

tfeatma, *'‘‘*^'S»curated ammonium sulfate or bj treatment snth la - pr 

7:"* “‘^l^^cetic aetd or by rreatme;t w.rh 50 per cent phenol 0) 

^tcr tre followed by papain digesnon (t) hciang to JJ ^ 

*’«>hci| centT?™'^]'^ above methods the material was preapitaied b> the r-di'soK-d m 

The ^'"blc material taken np in saline or water reprccipitat _"i[ cait-nr) 

» cootr for A activity by the inbibioon techmc ■' using the 

(see table th 


j., Results 

methods, unfortunatcl}, >icldcd a product 
^’"hodt^r starting material and at the same nmc complete t so| 

‘'^olc Cpapain followed b> phenol) and (fa) (h'gJ’ an >''* 

‘"'■Ccn XT successful in denaturing the antibods and u. 

''^‘T’np the resulting products were -ri'-od c 

‘“'foriDl were often less soluble in saline ^ cnis i ico 

IS jctiu,^ products insoluble in saline, which sserc. rmrr _ ^ 

fhc starting material Method (i) (papain WJo'sed 'F 
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product which was soluble with some difficultj, but onl) i/io as active as the 
starting material The other methods were even less successful, for the resulting 
products were either inactive or insoluble or both 

Discussion and Conclusions 

At the time this work was begun, no estimate was possible of the percentage of 
the crude A substance which was specificallj active It was provisional!) (and, as 
It proved, incorrectl)) estimated that the active material did not amount to over 5 
per cent at the most If this had been correct, it is likel) that one or more of the 
above methods would have resulted in a significant degree of purification From 
Kabat s® later results, however, it is now apparent that over half of the material 
was serologically active, and consequent!} that no great degree of purification, 
from the serologic point of view, remained to be accomplished Kabat s work also 
suggests that chemical methods have been equal to the task of producing matenal 
nearly or perhaps quite serologically pure 
The decreased solubility of the A substance after it had been prcapitated with 
antibody and subjected to the above treatments could possibly be es.plaincd by 
the assumption that some of the polar groups of the A substance remained in 
combination with fragments, of undetermined size, of the antibody , since none 
of the treatments rendered it less soluble, when apphed to solutions of A subsunce 
directly 

It would seem that none of the above methods offer an ideal solution to the 
problem of completely eliminating the antibody from a compound of anabody an 
anugen, even chough the blood group A substance, used in these cxpcnmenB, is 
chemically much more stable than most antigens The converse problem, 0 re- 
moving some relatively pure annbody from an antibody-anagen compound, leaving 
some insoluble antibody-antigen compound to be discarded, is obviously^^niu 
easier, and has been solved for several systems by various workers * ^ 

REFERENCES 

* Bekdich a Kabat E A and Bezea, A E Immunochcnucal studies on blood groups J 

Exp Med Jj 485-497 1946 cebtnies 

1 Boivin a MESBOBHANtj I AND Mesrobeand L Tcchniquc pouT Ir prdparRrioo dcs polgss 

miorobiens spicifiqucs Cotnpt rend soc de Biol iij 49D-49X, 1933 ontau 

I Botd W C and Warshaver E R^ Serological rclanonship of blood group A flo 
production of anu B prccipiuns J Immunol 30 lot— 10&, 1945 

* Bridqman P W The Physics of High Pressure London G Bell A Sons Ltd 1931 ^ 

* Dean H R and Webb R A. The influence of opiimal proportions of antigen and anu 7 

serum preapitanon J Path k Bact if 473"49i- 19^6 j, 

® Felton L. D Dissoaation of the specific protein precipitate of anupneumococcus or^ ^ 

a comparison with a protein isolated by chemical means from this immune scrum J en 

45r467 1937- n I J EvP 

^ Heidelberoer M and Kendall F E Quantitaavc studies on antibody punneaDO 

Med 64. 161-17L, 1936 LS5-aJ5 

* and Mater M Quanatauve studies on complement or alexin J 

n J Eip 

* Kabat E A Bendich A and Bezer A, E Immunochemical smdics on blood groups 

Med Sf 477-484 1946 



WILLIAM C 


doid and nosE m reguera 


1117 


, , T I t^to Nicd Si- 1 ^ 7 ” 

"tujTEA jiKD BnztR *1 E Immunochemical studies on F° 

”5 ’545 „ „ „( nctis itv of ncntraliKd b.olopc agents 

“tmu.vsov G M U.D BRONrE.'-nun.ssc* J Restoratio ^ 

bf removil of the intibods with papain J Immunol 47 3^/ j tv the addition of blood 

“Kmmmo; N C avts WWkw E. Transfusion of O blood conditioned by tU 

poop specific substances JAMA r-f loji-ic^Pt ’945 ^ Rtoebem ] J7 ^41^5’ ’943 

^ Moiaa.\ Vf’ T J , avD King H k Studies in i Gen Phy”o> 4^5' 

''Noannop J H Punfication and crysulliaation of diphthena 

“ScHiTT F Uber gruppenspeziflsche senimpracipitine klio Poblishers Inc i94— 

a-smBom W C Lod Grouping Technic New Totk of streptococcal 

"Smo M G UcRMas. D B avnSsiourss J The isolaaon of the c ^ 

‘’odeoproceins in serologicall) actise form J Biol C ero ^ [he "aloe of the a “on 

''Tcdaix, H , Garland D M- ^^!.^^ar:::frct°..aonorb.oodj ^ - 

of A and fl group-ipccific substances to ^oop ^ ^ 

Clni-Mcd J/ 1946 



HEMOLYTIC REACTIONS PRODUCED IN DOGS BY TRANSFUSION 
OF INCOMPATIBLE DOG BLOOD AND PLASMA 

I Serologic and Hematologic Aspects 

Bjy Lawrence E Young, M D , Donald M Ervin, M D , and 
Charles L Yuile, M D 

H emolytic transfusion reactions occur more frequently than is generally 
appreciated and their incidence can be expected to increase for some time 
as the distribution of blood is facilitated Many are doubtless overlooked became 
the outward manifestations may not be particularly striking, especially in anesthe- 
tized patients and in certain recipients transfused with plasma or with blood from 
universal donors E>esptcc the increasing importance of such reactions, their 
pathologic physiology remains poorly understood and cannot be adequately ex- 
plored in human subjects Consideration of these facts stimulated the authors to 
make observations on planned hemolytic reactions in dogs with the hope that the 
results might find general application in the field of immuno-hcmatology, and 
that they might throw light on the behavior of the kidney when subjected to 
certain types of insult 

The purpose of this paper is to describe preliminary serologic and hematologic 
observations on reactions produced m dogs by transfusion of incompatible whole 
blood and plasma Typical expenments are cited to illustrate the usefulness of 
ISO-immune systems m the dog in making quantitative studies of hemolytic phe- 
nomena Alterations in renal physiology observed during these experiments are 
described in an accompanying report ‘ 

Historical 

IndtvtdMsl Diffarfuts BUods of M^mmah otbrr than Do^s 

In 1900 Ehrlich and Morgenroth^ found that when one ^oat was injected with the blood of tno cr 
goat immune isolfsins developed and by osing sneh isO'ijnmnnc semm a number of vancncs 
blood could be diffcrcnnatcd Since char time other investigators have employed similar meth s m 
demonstnemg individual differences in the blood of ocher mammals * Ottenberg and Thalhimer 
strated immune iso-anubodies in the scrum of repeatedly transfused cats and these anchors 
the coarse of cvenu during hemolytic rcacuons following injcctionj of mcompaablc whole cat ^ 
Their findings included hcmoglobincmia hemoglobinuria oliguria glycosnna, facmoglobio caso ifl 
unne jaundice cryxhrophagocytosis and Icuhocytosis 

Inditndaal Dtfftrtncis anwti Do^ Bloods 

In 1910 von Dungem and Hirschfcld* used iso immune sera to distinguish two agglnunogcni and 
groups among dog bloods but chcir observations and the few described by other invcsugators 
1910 have by no means completely clarified the pattern of individual diff erences m this specie ^ 

From the Dcpamncoti of Mcdianc and Pathology, The Umvcrsicy of Rochester School of Mcdicm 
and Dentistry Rochester NY cRneh 

The studies desenbed m this report were conducted under a contract between the Unircrsi^ 
ester and the Office of Naval Research This paper was presented in abridged form at the 
the Intcmanonal Society of Hematology Buffalo New York August ifi ^948 
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Ottcnbcg, kaliski and Fncdman* demonstrated ^ 

gluumns and hemol) sins in dogs The reactions descri cloned after repeated transfusions of 

bet It IS nevertheless significant that potent iso-hemo > sins c ^ ,vhose serum appeared 

agglulinable cells and not after transfusions of non agg utiM jppjrcotlp incompaoble whole 

to contain naturall) occumng iso-antibodies were “ reactions were observed afta repeat 
blood bp use of the direct arterj to s cm technic emo 5 '^'^ . ^ transfusion The recipiMt 

transfusions but in only one instance did such a reaction occat immumitd by ce s 

in this case had previously been used as a donor and it is possi mastoroosis was intact The x 

vthich entered its circulation to some extent while the nbsetsed by Ottenberg and Thalhim 

ipitlae of incompatible transfusions in dogs were similar to t nucleated and polycbroraitop i le 

in cats A finding of considerable interest ss as the appearance o weeks This change svas 

red blood cells which in one case persisted in the recipient ‘ 

attributed to the toxic effect of incompatible blood on i iso-hcmagglutioms and hemolysin 

Melnick Burack and CowgilP and Melnick and r^Tcoutse of plasnupheresis 

in the serum of dogs after repeated injections of of the dogs ’ 

ments The immune iso-anti^.es reacted with red cells ‘^“^^Xeed In theit «penence the 
to these observers and the reactions did not appear to c ^ tboni as tj-pe a were 

development of incompatibility was one sided in that op , , ^ g dogs did not produce anu 

ofproducmganubodies against cells from dogs of type . ,fjooas locontmcoce o 

w^transfasedwith a cells Salivation vomiting '>^j^f;^ou,aed a dog. dating hemo- 
^ecs, prolonged clotting time and hcraoglobioona ■were o 

Jjtic rcacnons to the transfasion of B cells .imilir reactions as ij. of 7 

Holman Mahoney and Whipple" and Wnght eser^ rtapicQC dogs which rcaaed 

fflaphcresis and Wright found »lso encountered .ron They 

of a group of 11 dooor dogs Hahn a , reUs tagged ssith radio ,h-rircuta 

orculaung red cell inass in dop by tr«« tiinally disappeared from ^ 

found mLver. tha® all of the new tsotopK t^h tf ‘"“"'^tincr, Robscheit >0* »od W ' 
non of the recipient dog within ten minutes after ‘ ® 

observed hemolysis of recipient dogs cells 

immunized by previous injections of dog 

Methods 


ml ) of senal twofold dilutions 

bv ™ «;■' "S’SS&.sr :r«: sr“‘ 

^ scrum with 5 per cent suspensions of dog cc s i routinely dilot ' regardies* of 

iniaivatcd by heating at 56 C for thi^ ^TL.jd scrum sverc mvanably t e^ u^nial when 

*115 found that uters against cells suspended in un , dog serum Titers fj^th-acn 

'rbcthCT the antiserum was diluted with sahoc or ' ^ ^ for the cells or as a ■ cells 

normal dog serum wa, used either as a ^“’P“"°^;cru« both as a medium In' snspm 

and were not further enhanced b> employing ccntnfuc^ 

wd as a diluent for the anciscnim mres of ^ ^TTrtnin-d over * 

After standing fifteen minutes at room .horoughly resuspended n tb' ' 

• 11^1 for one minute The cells were then gent y g„,l dilu”®^ coctri' ec b>' ^ 

illuminitcd concave mirror Titers were rapidlv herooljtrdt > ^v. ,c 


one minute inc ecus — c - pi tnc nu*' 1 

cd concave mirror Titers were rapidlv herooljtrdt ' ^ 

'ube shoeing agglutination Agglutinated « .he last tubes of »n' P |,__ 

'“'tmtrations of antibody and “fifteen minute prnod br 

"Ih seldom hemoljied appreciabl) dunug t c -tun: rather than at 3, 

«>«d by carrymg out the titrations at room temp^am 

^ after allowing them to stand ‘ 

The ability of certain dog antisera to agglu ,n a *rr^ . s re 

labile comoonenc of normal dog ^emm n^’i or 


1 wa' ^ ' 
c-t*- 


- ‘-I 


K abilit) of ccaain dog antisera to gg ^jesenbed 
i-bilc component of normal dog ^crum a 
'^0* fir been obscr\cd onl> in sera ^*'*”*' fir he^ ^ ^ 
1 0nU Do or canine A ^ 

complement Other dog isoantibodics t at 

do nor fix complement 


.1 't r 



IXZO 


TRANSFUSION REACTIONS IN DOGS I 


CfijTtpltmtnt was measured b) mixing serial two-fold dilutions of fresh dog scrum in volumes of,o3 
ml with o 1 ml volumes of sensitized sheep cells prepared by Wads\NOfth s“ method The tubes were 
placed in a water bath maintained at 37 C shaken at fisc minutes and c:famiDcd for hemolysis at fifteen 
minutes The 50 per cent end point uas then computed by the method of Hedeo^* which takes into ac 
count the degrees of hemolysis in the last four cubes shomng rcacaon 

All transfitsed bleed was drawn from normal donor dogs within one hour pnor to the beginning of 
transfusion and was injected into one of the jugular \cins of the unancsthctizcd rcapicnt dogs at rates 
of 3 to 7 ml per minute A saturated solution of sodium atratc (i o ml per 100 ml of blood) was used 
as an anticoagulant in all but two transfusions and in these two instances hepann was employed 
Samples of blood from recipient dogs were drawn from the jugular veins ^vlth great care to minimize 
artificial hcmolvsis It was found advantageous to coat the inner surfactfs of sj'ringcs and needles with 
silicone in order to fM■e^cnt coagulation during the withdrawal and dclufty of large samples mto mulu 
pic containers 

The concentration of hmeilohitt in plasma was measured b) the pyridine bemochromogen method of 
Fimk and Watson and bilirubm was quantitated bj Ducci and W'^atson modification of the method 
of Malloy and Evelyn ** Osmetic fragility #/ trytbrecytts ** coapiilatten time of whole blood*® and prethfftrsitn 
concentration^^ ** were determined b) procedures described elsewhere were enumerated according 

to Wintrobc s** description of the Rees Eckcr technic Differentiat agfjuttnation of dog {rjtbrocjtts (Ashby 
technic) was earned out bj the method of Young Placzcr and Rafferty ** 

Keticnlocytts were stained by mixing a small drop of oxalatcd blood on a glass cover slip with a large 
drop of o i per cent suspension of brilliant crcsyl blue in o 6 per cent solution of sodium chloride The 
nvo drops were mixed for chirt> seconds with a toothpick after which time another cover slip was 
apphed and smears were pulled dned and counrcrstaincd with hVnght s stain to TuaVt ycim'Kat 
aracioos 

Blood used for enumeratim of leukocytes and for preparation of Wright * stained smears on glass cover 
slips was uken from a small inasioo in the marginal car vein and was used without addition of anu 
coagulant Smears thus prepared were employed for dtffnrnttal leuhcytt counts and were rounncly ex 
amincd for the presence or absence of spherocytosis and crythrophagocytosis Both glass and 
cover slips were used in making wet preparanons of oxalatcd, dcfibnnatcd or hcpannizcd venous b 
to be examined for the presence or absence of spherocytosis erytbropbaioytosts and betrunluttnation 


Experimental Observations 


DefintPton of Do-possttvc and Do-tiegaPtve Dogs 

Our studies began with the demonstration of immune isohcmaggluunins and 
hemolysins in the scrum of a dog that had had a hemolytic reaction after a series 
of transfusions from several donors Scrum from this dog agglutinated and hem^ 
lyzcd erythrocytes from about two-thirds of the dogs selected at random from t c 
animal colony maintained by the University of Rochester School of Medicine an 
Dentistry * Cells reacting with this scrum, or subsequently with other dog sera 
having similar specificity, were tentatively labelled Df>-posmvc, while t osc 
that were neither agglutinated nor lysed were called Do^ncgativc 

Further serologic studies on more than 400 dogs indicate that, in addition to 
the Do factor, there arc at least three other antigenic factors present in 
combinations in dog erythrocytes The antigenic structure of canine red cc s as 


* The assistance of Dr F S Robschcit Robbins Dr Paul Rekers Dr Herberr 
in the collccuon of specimens of dog blood is gratefully acknowledged The previously cu „ 
tions of Holman Mahoney and Whipple * Wnght Hahn and Bale " Miller I ^ 

and Whipple'* were made in the Department of Pathology of the University of Rochotcr ^ ^ 
Medicine and Dentistry Their experiences were to a considerable extent rcsjponsiblc for c ca 
the authors to carry out the studies reported m this paper 
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>ct cn determined to our satisfaction but is now bein^ explored more ex- 
be^*^ ^ subject of a later report Our attention has until recenth 

n evoted for the most part to the study of hemolytic transfusion reactions 
due to Do antibodies 

^^<^mmunix_atton of Dogs 
TVi 

c inimunization programs in three typical experiments arc illustrated in 
I The top graph shows that antibodies were first detected eleven days after 
sii^lc large transfusion of Do-positivc blood into a Do-ncgativc dog that had 
uot cn previously transfused Rapid disappearance of the donated cells at the 



v/iTH Do pos Blood 

^ ^^vpicAL Experiences \\'iTn ImroKizATiO'* or Dt>''*EOATi\'E Doos PI Ivtksst: d I jc“r 

“^ivsmvE Whole Blood 


•Be of antibody dcsclopmcnt ssas demonstrated xsith the ^shbs tcchnu b' cn 
P'o>ing potent anti-Do scrum In the middle graph it can be that thr- 'n. i 
/‘lotions produced antibodies vithin eight das-s in a dog p'CMOusIs nap l p 
t (Jog bloods of unknown type The bottom graph shows that an i 
Coped onh after lo injections oscr a period of thirti inc da\s in a 
tactors dog that had not been prcMOUsU transfused Still mo .. r- ^ 

^^'c recently been encountered For example on- doc de\ elope- an ' 

^ t / injections had been gis cn os cr a period of one hun-r-- t i 

■^tffr;ar,ej of Dog Iso-aiitiboJtes 
''■^^titibodies hayc been found to tiv compl-m-n b"’ h 
has been repeatedly obsersed that in th- p'c -f ^ 
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Dated Do-positivc cells are subsequently hemolyzed in vitro at rates depending 
upon the amounts of antibody and complement present The Do and Eh systems in 
the dog and human species respectively appear to have a number of features m 
common An important difference, however, is that Do-antibodies hcmoljze Do- 
positive cells relatively quickly in the presence of complement while Eh antibodies 
hemolyze Eh-positive human cells very slowly if at all Under certain condiuons 
Do-antibodies behave like incomplete Rh antibodies in that their attachment to 
erythrocytes can be demonstrated by developing tests emplo)nng anu-dog-serum 
rabbit serum and by the agglutinauon of sensitized cells when suspended in normal 
dog serum Characterisacs of dog iso-antibodies will be desenbed m more detail 
in a separate rcpKirt “ 

Observations on Hemolytic Transfusion Reactions 

Serial observations have thus far been made during the course of twenty-three 
hemolytic reactions produced in 13 different recipient dogs b) transfusion of 

Table i — Fnmitjttil M^ntfesittltens Obstmd ditnng tbt Ctarst cj Turtstj lirtt Htmcljta Tr^nsfitiitn 


Ftoaierts Pradueed tn ss Dtffertnt Kcitpimt Vogs 


Resdesfnets) 
SahvanoQ | 
Vomiang 

1 

Nearly 100 per 

IncoQunencel 
Fever J 
Shock 


VanabJc 

Hires 


3 dogs 

Immcdixcc death 

J dog 


incompatible whole dog blood or plasma Prominent manifestations observed 
during the penods immediately following transfusion arc recorded in table i 
which, for purposes of the present discussion, reqmres no further comment 

Transfusion of Incompatible Whole Blood 

Figure i illustrates the manner in which the concentrations of hemoglobin and 
bilirubin rose and fell in the plasma of a Do-negativc recipient after typical trans 
fusions of Do-positive whole blood When the recipient s anti-Do titer was i i -5 
the peak of hemoglobincmia was nearly twice as high after a transfusion o on y 
100 ml of Do-positive blood as it was after a transfusion of zoo ml from the 
donor into the same 15 kilogram recipient at an earlier date when the anti 
titer was only i 1 The hcmoglobinemia curve was flatter when the rccipicm 
titer was low and the volume of transfused blood was large The less rapi ^ 
struction of donated cells in vivo under these circumstances was in keeping wi 
the results of in vitro experiments The concentration of hemoglobin in the p 
was nevertheless maximal within 10 minutes after this transfusion was comp et , 
and It was maximal, or nearly so, at 5 to 10 minutes in most of the othCT 
ments Bilirubinemia, on the other hand, was maximal at 3 to 6 hours after ea 
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cranoD of biltmK whole blood and in nearly every instance the concen- 

Obscrvations to the normal range within 14 hours 

whole blood j ^*^*^*^ another typical transfusion of incompatible 

tfcrc tapped figure 3 In this expenment, the donated corpuscles 

completely j loactive iron* and it was possible to show that these cells 

fi't transfus from the recipient s circulation within the first hour after 

disappear^j <^oinpleted In fact, 84 per cent of the donated erythrocytes 

®tnutes aftet^*^ tuinutcs after completion of the transfusion, or within 30 

^ of the d ^ other experiments employing tagged cells, nearly 

onat erythrocytes disappeared within 30 to 90 minutes after com- 
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^ tion of the transfusions It is therefore little wonder that the hemoglobinemia 
hcffi”i^‘^^ so slightly from those obtained after l^tra^cnous injection of 
ohin solutions, and that significant morphologic changes could not be 
pjj in smears or wet preparations made from venous blood o^the recipunts 
onl disappearance of donated cells also explains the observation that 

^ “ harelj measurable portion of the crythrocvtcs present in the revip n > 
ation after such transfusions showed slighth increased osmotic fraciht' 

*iTpnsingIj rapid disappearance of incompatible cclb was fu'ther dvf" V ' 

Hayden and Henry TdoL as i trJ -nh rF' ec'a -e ' ' ' 

made bjr a moJificanon of the don v cell dilcii r-r'*' 
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by using the Ashby technic after this transfusion and m six other similar eitpen 
ments In no case could agglutinablc Do-positivc cells be demonstrated after 
transfusion by mixing potent anti-Do scrum with samples of recipient s blood 
When the Ashby method tv as applied to the Do-anti-Do system after transfusion 
of compaublc cells, on the other hand, donated Do-negauve corpuscles wac 
shown to surv ivc for at least three months in the circualtion of a Do-posmve dog 
This observation on the life span of canine erythrocytes is in accord with estimates 
made by other methods 

The amount of complement present in the circulation of the recipient dog de- 
clined abruptly during this transfusion of incompatible u hole blood In each of lo 




nxoative RsapiENT (Weight 15 Ko ) 

other similar expenments the decline was equally preapitous and after 
transfusions, complement was barely detectable for about five hours 
fusion specimens of scrum were not anucomplcmentary, despite their hig 
of free oxyhemoglobin At twenty-four hours and for several days /u and 
titer of complement was frequently higher than before transfusion Tim a ^ 
subsequent nsc in antibody titer noted after this transfusion were obscrv m 
of the other expenments but with much less regularity than the changes m 
ccntration of complement 

Fluctuations in total and dilFcrcntial nucleated ceil counts after t c 
transfusion just referred to arc recorded in figure 4 The transient e 
followed by leukocytosis, shift to the left and a shower of nucleated re ce 
observed after nearly all injections of incompatible whole blood Ery t rop 
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cytosis (fig 5) was observed to a slight extent in smears of venous blood prepared 
during the first few minutes after such transfusions, but it was always necessary to 
search many microscopic fields before finding macrophages contaimng red cells 
Wet preparations proved to be less satisfactory than fixed smears for dctecaon of 
erythrophagocytosis In none of the wet preparations of venous blood from re 
cipient dogs was hemagglutination (suggesting intravascular agglutination) ob- 
served Platelets became slightly less numerous for a fetv hours after injections of 
whole blood, and transient increases in coagulation time and decreases in pro- 
thrombin concentration* were observed in some instances 

Electrophoretic studies* were carried out on samples of plasma taken before 
transfusion, and at 30 minutes, 4 hours and 13 hours after a transfusion of 60 ml of 
incompatible whole blood TTie onlj significant change in the patterns was the 
appearance at 30 minutes of a large peak with a mobility between that of fibrinogen 
and beta globulin The area of the peak corresponded with the concentration of 
hemoglobin in the plasma as determined by the pyridine hemochromogen method 
Light transmitted through the cell in the region of this peak showed the absorption 
bands characteristic of ox) hemoglobin At 4 hours the height and atea of the peak 
had slightly diminished and at xy hours the peak had almost disappeared It is 
worthy of note that at 30 minutes and at 4 hours the hemoglobin migrated with an 
abnormally low mobility, but at 13 hours the mobility of hemoglobin had returned 
to normal 

Nearly all post-transfusion specimens of plasma were examined with a hand 
spectroscope in an efi'ort to detect the presence of methemoglobin or methemal 
bumin The absorption bands were invariably those of oxyhemoglobin, absorption 
in the red portion of the spectrum was not observed 

The concentrations of sodium and potassium in the serum were not significan y 
increased after transfusions of incompatible whole blood * These negauve finding 
are of interest in view of the relauvely high content of sodium and low content 
potassium in dog erythrocytes as compared with human red cells Muirhca 
et al ,** on the other hand, have reported high concentrations of potassium in t c 
serum of human recipients following transfusions of incompaublc human cells 

Transfusion of Incompatible Plasma 

When Do-positive dogs were transfused with plasma from immumzcd D^ncga 
tive dogs the course of events was distinctly different from that seen after a 
traaon of incompaablc whole blood It is evident in figure 6 that after trans mn 
of 45 ml of plasma with an ana-Do atcr of i 15 6, the concenff aaon of hemog 0 m 
in the plasma of the 16 kilogram Do-posiave recipient did not reach its pea un 
the fifth hour Hemoglobinenua persisted for mote than ji hours and yp^ 
bilirubmemia for more than X4 hours In order to sustain this dog s life 
necessary to give 160 ml of compaable Do-negaave whole blood 5 hours 
injecaon of the incompatible plasma Despite this large transfusion, the 
dog s hematocrit gradually fell to ix per cent on the ninth day, after whi t 

Dctcrminaaona of pcothrombin cooccutraaon were made hy Dr Ralpb F Jacoi 
itedic* by Dr Enc Ailing and measmementj of semm sodium and potassium by Dr Jaco 
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during the first five hours after this transfusion of plasma and that at no time couli 
the donated Do-antibodics be demonstrated in the recipient dog s senun The os 
motic fragility of the recipient dog s crythroc) tes, as observed over a period o 
four weeks after transfusion of incompatible plasma, is plotted latcrall) in fig 
urc 7 Spherocytosis (fig 8) and increased fragilit) were evident for twent) days 
and the period of marked increase in fragilit) corresponded well with the mn 
day period of falling hematocrit shown in figure 6 These findings were similar ti 
those reported b) Banti, ® Dameshek and Schwartz^” and Tigcrtt and Duncan’ 
who injected dogs and guinea pigs with immune toftii-antibodics produced ii 
other species 
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Discussion 

The prolonged destruction of recipient dogs Do-posiiive cells after injection ^ 
incompatible plasma is in striking contrast to the very rapid elimination 
donated Do-positivc corpuscles after transfusion to immunized Do-nega 
recipients In the human species, recipients cells are likewise known to c 
stroyed over long periods of amc after transfusions of incompatible Pj***°^ 
blood from dangerous universal donors,’^"” while incompatible donated cc s o 
disappear with relative rapidity ’ In neither species, however, is it enn 

clear how the various destructive mechanisms operate under these circumsta 
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• the evidence at hand it seems liLcly that the very rapid elimination of donated 
positive cells is due in large measure to intravascular hcmolvsis, both b) the 
t'tct action of complement on sensitized cells and by the traumatic effect* of 
tirt^lation on injured and agglutinated cells Intravascular ervthrophagoc} tosis 
a verj' minor role 

ne concentration of hemoglobin in recipient dogs plasma is usually maximal, 
^ nearly so, within five to ten minutes after incompatible cells are injected, but 
npeak maj not be reached until three to five hours have elapsed Review of the 
^penments thus far completed shows that the maximal plasma hemoglobin 
calculated on the basis of highest plasma hemoglobin concentration and 
estimated blood volume, is in each case equivalent to approximate!) 50 to 75 
pet Cent of the hemoglobin contained in the transfused incompatible cells In 
estimating the total amount of hemoglobin liberated intravascularly, however, 
^ most also take into account (a) hemoglobin excreted in the urine or taken up 
7 renal tubules or by other tissues pnor to the moment at which maximal plasma 
jmoglobin concentration is reached, and (b) hemoglobin liberated intravascularl) 
^ the concentration in the plasma reaches its peak 

f^t obtained therefore indicate that well over 50 to 75 per cent o t e 
s that rapidly disappear from the recipient s circulation arc destroyed 
®^c^arly and that a relatively small proportion of the cells may be scquestcre 
destroyed extravascularly by the reticulo-cndothclial s)'stem This conjectme 
L upion the assumption that hcmoglofaincmia is the result of intravascu ar 
'molysis and that hemoglobin liberated from erythrocytes b) reticulo-endothcha 
' ^ converted to bilirubin before being released into the blood stream In an) 
7 '°^’ anti-Do plasma is transfused, the rclanve importance of the several 

^tructivc mechanisms may be quite different from that encountcre ter injection 

'"compatible cells . . ^ 

periments in progress’® should demonstrate more precise!) how ogCTVt 

arc destroyed in vivo under a variety of conditions simulating t ovc c 
““ntered clinically 

StlMMARV 

an! mjcctcd intravenously with dog crvthroc)-rcs containing ^ 

^t'gcnic factors lacking in their own red cells developed iso-hcraagd 
'"’olysins exhibiting characteristics of immune antibodies rameJ out 

„ I '■“isfusions of incompatible whole dog blood an p , j followed 

cr controlled conditions Prctransfusion obscrv ations w ere ji^niato'ocu 

spaced post-transfusion measurements of seroloca and hem 
ions 


10ns ^ 

be rate of destruction of incompatible donated corpu i-,hr... 

g‘og the cells with radioactive iron and also b' ctnp j 

itial agglutination of cr)throcvtcs It was there ' ^ ^ 

of technical difficulties encountered in m-a<urine n-cvhfu lU J<r '=< 
f'f the problem uill he dealt %\uh in a ci 
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incompatible donated cells disappeared from the recipient s circulation widun 
the first thirtj to ninct) minutes following transfusion The probable mechanisms 
and relative importance of intra- and cxtravascular destruction of ciythroc)'tcs are 
briefly discussed 

4 Destruction of recipient dogs corpuscles b) donated immune plasma was 
relauvely slow, and spherocj tosis and increased osmotic fragilit) of the re 
cipicnts cells were evident for periods as long as tssent) da}'S These observations 
are compared with those made in human beings after transfusions of plasma and oi 
blood from dangerous universal donors 

5 The titer of complement in the sera of recipient dogs was sharpl) reduced 
for at least five hours after all transfusions of incompatible whole blood, but iso- 
agglutinin titers were less regularl) reduced after such transfusions 

6 Other notations of interest included estimates of the concentrations of scrum 
bilirubin, sodium and potassium, determinations of clotting time, prothrombin 
concentration, and observations on red cell morphologj, intravascular ciythto- 
phagocytosis, and shifts in distribution of leuLocjtes and in the clcctrophoreuc 
patterns of plasma 


Conclusion 

The transfusion experiments thus far completed with dog blood are considered 
only cxplorator) Thej arc sufficient nevertheless to jusuf) the conclusion that 
the iso-immune s)'stcms in the dog may be used to advantage in quantitaavc 
studies on certain hemoly tic phenomena that cannot be satisfactonlj investigated 
in human beings 
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HEMOLYTIC REACTIONS PRODUCED IN DOGS BY TRANSFUSION OF 
INCOMPATIBLE DOG BLOOD AND PLASMA 

II Renal Aspects Following Whole Blood Transfusions 

By Charles L Yuile, M D , Theodore F Van Zandt, A B , Donald M 
Ervin, M D , and Lawrence E Young, M D 

from renal insufficiency with the postmortem findings of hemo- 
globinuric or lower nephron nephrosis frequently follows acute hemolytic 
reactions of vanous etiology including the transfusion of incompatible blood 
Extensive studies based largely upon the injection of soluaons of hemoglobin, 
related pigments or laked blood as substitutes for hemolysis in vivo, have been 
earned out over a period of many years, but have failed to explain the exact 
mechanism of this type of renal failure “““ 

The hemoly tic reactions in dogs produced by transfusion of incompatible dog 
blood described in the preceding paper® afford an ideal opportunity to study the 
effects of such reactions upon the kidney under a variety of conditions simulating 
those seen clinically 

It has been shown by several groups of investigators, using different animal 
species, that induced hcmoglobinemia within the range encountered in most acute 
hemolytic disturbances in human subjects, produces only transient changes m 
nornLil animals with previously undisturbed renal function ■* On the other 
hand, particularly if the unne is acid, the injection of hemoglobin into an ammal 
in a severe state of dehydration** or with kidneys previouslv injured* results in 
the formation of pigment casts in the renal tubules followed frequently by death in 
uremia Similar results have been reported in dogs following the injection of very 
large amounts of hemoglobin® or laked red blood cells * 

This preliminary report is concerned with a controlled study of renal function 
earned out in conjunction with the expenraents desenbed in the preceding paper 
The results indicate that in the iimnal dog with either acid or alkaline unne a 
combination of the intravascular hemolysis and other profound changes rcsultiog 
from the transfusion of incompatible blood is not sufficient to produce renal failure 

Methods 

Procedures used in the immunization of rcapient dojs and the collection and transfusion of 
panble blood have been described in part one of this report • All dogs were normal mongrels vicana 
against distemper Female ammals were used in all experiments involving qnanutative renal 
studies unne being obtained through a curved metal catheter For male dogs a ureteral catheter was 
Water was given by stomach tube at intervals prior to each transfusion to insure adequate unne o 

From the Departments of Pathology and Mediane Hie Umvcrsity of Rochester School of Mcdi 

and Denostty Rochester N Y Universiiy 

The studies desenbed in this report were conduaed in part under a contract betwcim tie 

of Rochester and the OlEce of Naval Research This paper was presented in an abn ged u™ 
Intemanonal Hematology Congress BuRalo New YorL, August z 6 1^48 
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onn^ when alLalinc urine w a« desired In order to obtam the s-crction of 

^Gm l2rd ^ ® do^js uerc fed a diet of horsemcat 

htm^ ™ chloride 5 Gm for a period of three to four da) s 

^Afalloy a IUd° ^o^^tration was determined b> the cjanmcthemoglobin method of Escl>'n 
^^P^ments ^oactivc iron determinations'* wxrc made on the total hemoglobin exacted in those 
deceive r donated cells were labelled with this isotope * 

^*^^bIood™^d ^ racisured bp means of fora aminohippuratc clearance (15) t Saus 

°'°iiics befor ^ ^^cls were obtained bp in|ccting o 5 to o S m! of the drug mtrapentoncallp 15 

“^Sciamnt^l^ ^ collection period Glomerular filtration rates v ere determined bp mcas 

carance (r63t in come experiments and creatinine clearance'^ in others 
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vals of at least tts o weeks The urine at the time of transfusion was alkaline, with 
a pH of over 7 5, in eight experiments, and acid, pH 5 5 to 6 i, in five expenments 
In one instance the pH of the urine was not determined since the reaaion occurred 
unexpectedly after a transfusion of mismatched blood given for another purpose 

Transfusions ranged in size from 35 to 005 ml of whole blood When compared 
with individual dog weights this represented from a 5 to 15 ml per kilogram or 
the approximate equivalent of from aco to loco ml of blood transfused into a 70 
kilogram human being 

The maximum plasma hemoglobin concentration after each transfusion was 
apparently related both to the amount of blood injected and to the iniual anabody 
ater, the height of which appears to determine to some extent the rapidit) of red 
cell destruction 

Hemoglobin invariabl) appeared in the bladder unne within five or ten min- 
utes after completion of the transfusion Exact measurements of the duranon of 
hemoglobinuria were not possible in all experiments, but the shortest penod 
observed was eight hours and none extended bejond twentj-four hours The 
variations encountered were unrelated to the pH of the unne, but maximal plasma 
hemoglobin concentration and body weight were apparentl) contributing factors 
The total amount of hemoglobin excreted by the kidneys ranged from 10 to 40 
per cent of that in the transfused blood and came only from this source since m 
the five experiments involving donor red cells labelled with radio-acave iron the 
isotope content of the total hemoglobin excreted by the recipient s bdnej's was 
identical with that in an equivalent amount of hemoglobin from the donor 

The concentration of urea nitrogen in the blood was determined at daily mtw 
vals for periods up to one week after each transfusion Maximal values obtainM 
arc listed in column 5 A transient elevation was noted in most instances usua y 
at aq hours This was slightly more marked in the group with acid unne but in 
all there was a prompt return to the prctransfusion level in from 48 to 7a houn 

Slight protcinuna was noted for a few days after the cessauon of hemoglobinuna 
in some but not all animals with both alkaline and acid unne There was no com 
sistcnt alteration in the specific gravity of the unne at any time Cathetenze 
specimens of unne collected during the period of hemoglobinuria all con^ 
variable amounts of brown granular matcnal while the urinary sediment or ogs 
with imtially acid urine also showed moderate numbers of pigmented casts 

Quantitauvc studies of renal function were earned out before, dunng an 
after the transfusion reaction in six expenments marked with an astensk in ta 
In each of these a similar, clearly defined pattern was observed with respect to 
renal excretion of hemoglobin, the rate of effective renal plasma flow an 
glomerular filtration rate The findings in two charactenstic 
illustrated in figure i It is to be noted that there were no essential di 
between the two expenments, in one of which alkaline unne and in the ot cra^ 
unne was imtially being excreted Plasma hemoglobin concentraaons arc s 
in the top graph and hemoglobin excretion rates arc plotted in the sMon ^ 
The latter curves arc roughly parallel to those of hcmoglobincmia own 
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threshold level, and the calculated renal clearances of the pigment arc found to be 
essenaally similar to those observed after hemoglobin injection 
Minor irregularities in the excretion rates of hemoglobin arc related to the 
tfinsicnt changes in effective renal plasma flow and glomerular filtration illus- 
trated in the two lowest graphs of figure i The biphasic character of these curves 
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transfusion rcacuon ^ i, were killed twenty-four hours after 

throughout the rccov those after which the arumaJs were followed 

cntly recovered from a animal. 43-316, table 1, having appar- 

Postmortem examinati died suddenly after forty-eight hours 

contamination of th^*°° revealed an acute pcntomtis which was attnbuted to 
of all three does ' injected intrapcntoncally The kidneys 

a small amount of bro^** ^ riormal Histologically, the only finding of note was 
convoluted and coII^rTr°’ a“d granular pigment in occasional distal 

ccting tubules in the two dogs with initially acid urine 

A _ , Discussion 

critical anal) SIS of th I 

tions reveals that th ^ 'rcraturc dealing with injection of hemoglobin solu 
mere production of levels of hcmoglobincmia comparable 
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clinicallj in most acute hcmolj tic disorders has Jittlc or no damaging 
^tQpon kidner structure or function in normal human subjects orammals 

stressed the importance of degree of hcmoglobinemia in the development 
rena damage, being unable to produce renal injur} in dogs unless the imtial 
miti'^ ^^®°5^obin concentration was 3 7 Gm per too ml or the average of the 
j, ^ hour plasma concentrations svas i a Gm per 100 ml From the 

information available in the literature it is doubtful whether 
j concentrations ever occur following clinical transfusion reamions and the 
presented m this and the preceding paper indicate dcarlf that the degree of 
ima plasma hemoglobin concentration attained is not proportional to the 
ounc of incompatible blood transfused From the figures in table i, the plasma 
tentrations which would have resulted from the sudden liberation of all the 
m the transfused blood can be calculated In the experiments in which 
^ ^ icansfusions were given the calculated and observed values correspond 
^ whereas follotving larger transfusions the maximal plasma hemoglobin 
centrations were onl} slightly higher than those following small transfusions 
ab that the degree of hemoglobinemia induced was limited bi the 

sin ^odv to destroy incompatible cells Dog 43-380 illustrates this point, 

« had all the transfused red blood cells been rapidly hemolyted, the initial 
of ^'“oglobin concentration would have been 4 o Gm per 100 ml instca 
0 observed concentrauon of i 36 Gm per too ml 
of obvious from the work of Flink and others that excessive egrees 

fun **^°^^*^^‘ciemia, directly or indircctl), can produce disturbances of rena 
10 slonc IS probably an uncommon cause of hemoglobinunc nep osis 

atn''i^° other hand there are innumerable chnical and expenraenta 

P>« of renal insufficiency which have resulted from the associanon of a moderate 
Can ^'®oglobinemia and some nephrotoxic process ‘ ’ ' This lattw actor 
as til '■^^I'^ctcrized in some instances as the general or local effect ^ 
nun a chemical poison, infection, or dchsdranon 

the hemolytic processes, notably those rcsulnng m human su F'" 

aosfusion of lacompatiblc blood, the cause of serious rena 

Ptofn Since hemolysis dunng transfusion reactions is 

changes of a gcneralued natufe, it was considi^d P-f 
f,„ ^ccondanly affect the kidney in a manner comparable to j 

enumerated above In the present study onh normal dop 
tone ‘^'ccrmine whether the combination of these genera tt 
hemoglobinemia was alone sufficient to produce rena 1 
liter conditions were varied with rcsfiect to size o trans “ ^ 

recipient, and hydrogen ion concentration of the 
Si"' ” '> .pp»« .h. of .h« 1 ‘I:;. .. 

findin’ ^"^'cnt changes in renal function "cre ob'cne rei'a'' 

that initialh acid urine and those sMt n ^ cd - a ' 

t rbr'" former, pigment casts occurred m the unn. ar- _ , b ' 

°iis for at least forts -eight hours in the kidntxs stu u- 
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that nitrogen retention was slightly more marked The final outcome, however, 
was the same in both groups of animals 

Hemolytic transfusion reactions in dogs suffenng from shock, anemia, dchydra 
non, and other conditions simulating those for which transfusions are frequently 
given clinically are being studied at the present ume 

Conclusions 

I The normal dog s kidney reacts to the transfusion of incompatible dog blood 
in a manner similar to that observed after hemoglobin injection as far as the ex- 
cretion of the pigment is concerned 

i Lowering the pH of the urine to a level of 5 5 has no effect on the final out 
come of the reaction nor on the mild, transient alterations in renal function which 
occur 

3 This type of hemolytic transfusion reaction, similar in most respects to that 
encountered in human subjects, docs not of itself produce renal failure nor the 
pathological picture of hcmoglobinuric or lower nephron nephrosis 

4 The findings in these experiments lend further support to the concept that the 
development of serious renal complications after a transfusion reaction results from 
a combination of the hemolyuc process with some degree of previous or concomi 
Cant kidney damage related to the various clinical states for which transfusion 
therapy is indicated 
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EFFECTS OF THE INTRAlvIUSCULAR ADMINISTRATION OF BAL (1,3 
DIMERCAPTOPROPANOL) IN A SUBJECT WITH THE SICKLE CELL 
TRAIT CASE REPORT 

B) WiLUAM J Kuhns, M D 

A VARIETY of studies have indicated that the sidJing phenomenon can be 
accelerated b) a number of substances, when any one of the latter is mixed 
with the appropriate blood, these include carbon dioxide,' bactenal cultures, 
sulfhydryl compounds such as H-S, BAL (i 3 dimercaptopropanol), cysteine and 
glutathione,’ sodium bisulfite and cevitamic acid ' However, there is no clear 
evidence that individuals harboring the sickle cell trait have ever develops 
sickle cell anemia, cither spontaneously, or when exposed to agents which arc 
known to accelerate sickling in vitro 

The sickle cell trait occurs in about 8 per cent of all Negroes in this country 
and IS generally considered to be disunct from sickle cell anemia The latter occurs 
in a much smaller proportion of the Negro population The former condinon is 
recognizable by observing the development of sickling in moist scaled preparanons 
of freshly drawn blood Sickle cell anemia is, in addition, associated with * 
of clinical manifestations anemia, signs of increased blood dcstrucuon, ab omin 
pain, and other diverse effects, most of them related to an increased ten cncy to 
circulatory stasis and thrombosis , 

The case to be described is one in which acceleration of sickling occurred in an 
individual harboring the sickle cell trait who was given BAL in oil 
cularly Exposure to this known accelerating compound failed to prcapitate 
picture of sickle cell anemia 


Case Report ^ 

The piucnt was a Negro female who entered another hospital onJul> 9 194^ ^r^posiorc 
sore throat fes-er headache and rash The serologic test (or syphilis was found to ^ 
and she was therefore given pcnialhn and arsenic treatment for six dal's Following s s 
ferred to the Salt Lake General Hospital where intensive anulueuc treatment with ^ eenerally 

and bismuth was initiated On the seventh day of treatment she became disorient an^ p^^chosii 
uncooperauve Because she was thought to have developed an arsenical encephalopathy 
arsemc was discontinued and the paaent was given BAL (a 3 p rolo™' 

intramuscularly every four hours At this ume her temperature ranged from ten. to '°3 h 1 l mg P® 
packed red cells was 51 ml per 100 ml renculocytes were o 5 pet cent the van den g 
cent (indirect i i) and the sedimentanon rate 3 , ^ dis- 

In the ensuing ten days she received a total of almost 5 grams of BAL. Shortlv d normal 
continued the \ olumc of packed red cells was found to be 34 ml and the ,0 the loim 

Thrombophlebitis developed at this ume and in addinon a consolidanve process ^^05 were 

part of the left lung which was compatible with a pulmonary infarct The sopcrficia ,0 spinal 

ligated bilaterally Her mental status remained poor Serial lumbar punctures sho 


fluid 


protein up to 70 mg per cent The plasma iron was 48 raicrograms per i 
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From the Department of Medicine Umversity ofUtah College of Medicine andtneo 
General Hospital Salt Lake Oty Utah 
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Tea djv« jTtc th" a J*" ni'tratioa ol I' \I- ibc r^ticuli \ tc coani had incrca^ad ro lo a par can 
“imatanoa -ate taa. ,, al aaj tht roluma of paclcJ red call^ -3 ml Pepaated wn dan 
“d i-unc mdias ra-iain-d the <jne a' on tha o ipinal caanination Chnicalla the pitirat no 

eridaa o' lamidtca Ufnta hlmi coantv .hotted tnaraa«at up to to aaa >nd a >hift to the left mi a 

thrirnr-loanicand mrelohla^tic ra'pon'a Th- diffccntial «naar ■.ho'ted red cells sshichsaeras g 

Cio-XTu^ 2ni rhe b]rK>d indices \^r■c co'’firmato*\ ^n a^-cnding urinirv tract i cction 
J'^ociatcd with nuncnu<i ItuLo"\ tc«- in the urine ca^ti debated temperature an 
cnlrur-^ Trhich were tv>iuivc fa* colifcvm o-cani^ms Thi» treated success ly sn 

<^ih Derr four wccLs Her impai cd mental ».tatus persi« cd as did her anemia -p j. 

tLomSophlehjtis shewed cradual impo\crieQt PcticultVAtc coants inacasw 
P=i'ccnr following which th-v rctum-d to nrrmal brine and fecal orobilinog^ However 

romuj TjJo^ S'*t^aJ previous twentv four hour «-icUiag p-eparauons had all -- n-g nosiavc 

^wisiitcr/onndthatMcUincprcparationss hich stood fn rntr^ than twenrv 
^sdines and it mar ha assumed that these seould have b-en positive e^hcr 2 su ^ 

allowed In new of the fact that sulfh\ dr\ 1 compound, are hno.m to aerate 
'^'“eght that the nse of B <l.L in this patient mas base produced an accelcr 
tcbseqii-ut thrombottc phenomena and anemia 

Table i -lrfiu,n.c ,fBM-cn Ran >} SuU-H __ 

rercfeUFt of „( ipccuaen 

„ Number of houo folfoBvac vstbJra vaf ol n'csu.- 

Date of *^peaincn - — T jt 

i”^ ' f /_zriEr7^^ - — 

(pnor to second coorsc of BAL ,1 n - 5 

'terapv) o o o o ,a 

10/4/4J 1 1 Intramnscnlar B\L started 

■0///4B (one hour follosving injection , 

toomg B\Lin oil 1 m ) o i* ^ 

*^csc cxaminanons revealed abnormal tppe of ronlcani- 

Qf ber anemia* it was 

In order ro ascertain the ciact role plaped by this compotmd Pnor in vitro stodics 

‘^<Jtd ,0 reiastitnte B\L therapy in doses similar to those descnbed m detail 

ptrftrmed sneh the patient s blood nciheing saturated aqo»ns mercased th' rate ot 

■nr snhseqoent section (see Observations ) In brief they m —jpjjaaons and sompara 

snd the viscositj of the blood as judged by fresh BAl treated motst 
■cdunenution rates , jjteratioa m ih' rolna' of 

^ing the ten day pa-iod of B VL therapy there was no ^PP''" emden-e of intrea^ 

t, 'nd blood cells which rcinamed about 35 m! perioottd not , £^l ueobilmoceo retico o- 
^ destruction ConsistentU normal values were obtained fo mine uifluen^ 

COBOI and serum bihmbin It ts of interesi that in spite o t is mirhedlv a^ crai-- 

^rfcrahlv by the admmiscranon of BAL (see table t) The rate of^^ to th 

hour after the adtmnisn-auon of B VL as compared with that m a-rTliro.-vre 5ediO^““ 

of tb. atng a-trespondtnq ssnth thts it - ^hL cUhtnung m 
tnarl.edly decreased after the administration of ,| oenod oith 

'^oss td no et idcncc of thrombotic phcooinena during ^ remained som'sehs 

u ^«ti good with the exception of her mental status sv . ^ rcinainoJ ocrmal F 

“''Mood meture b,. .b and all bemolync >nd ces rema 


"S" gooa Witn tde exception 01 ua — - - ,„,t,ces remain 

“^Mood picture ha, ,hossn steadv improvement and all bn®o ptic mdic^ 
recentjr dischirgcd in good condition and ssnth normal 

Observ ations 

Routine fresh scaled preparations indicated that 
"■^cd slowli No sickle «lls tscre seen cten after rs 


. red Ms>J- 

\ th 't' 
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SIX hours there was two per cent sicUing and at seventy-two hours the ma)oni7 
of the red blood cells were sicUed The use of CO, or gas bubbled direaly 
through the blood accelerated the rate of sicUing considerably, so that small 
numbers of red cells became sickled immediately and most were sickled at twenty- 
four hours Saturated aqueous BAL acted similarly when one drop was mixed with 
an equal amount of the patient s blood and a fresh sealed preparation was made 
It IS interesting that following contact with sulfhydryL compounds many of the 


0 
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Fro I Tbb m Vitbo Emcr or BAL (Auobooj) ok Sbdimentation Rate. (BAL-bloocl miitotJ 
were Ftepired by adaing one drop of uturated aqueous BAL ro 5 cc of whole Wood ) 



jyjve 

CIO 1.— Emcr of Inteamojcdlae Isijbction or BAL on Sedimentatiok Rate in Sotjtci with 
Sioar Chu, Tiait 


red blood ccUs appeared more hmp and flabby, and rouleaux were of an abnormal 
type 

Comparative sedimentation rates earned out on the patient s blood with and 
wthout the addition of water soluble BAL indicated that the sedimentation raw 
o BAL treated blood was decreased more than five fold in comparison to untreate 
blood (see fig i) The mixture of BAL with the blood of normal persons, on the 
^ handj failed to alter the sedimentation rate BAL-blood mixtures 
^epared by adding one drop of saturated aqueous BAL to 5 ml of whole blood 
o owing insucution of the second senes of BAL injections, sealed preparations 
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^usidcrablv mn aJnunistntion of the drug These were found to sickle 

P^Oecubl ^ prepantions made before the drug was 

iltcmatejt bef*^ sedimentation rates were found to increase and dcacasc 

(see fig ^ wer an intramuscular injection of too mgm of BAL in oil 


Discussion 

emphasizes Present ease offers several points of interest In the first place, it 
penod of “eccssitj for observations of fresh blood preparaaons over a 

showed no "'hen sickling is being sought Routine 14 hour specimens 

Tils Were d present ease whereas specimens observed at later mter- 

rce d ^*^‘1 positive This, of course, becomes of less importance as knowl- 
care for l^nown accelerating substances accumulates In the present 

®se of possible to reduce the time of sickling matcnall} hy the 

Stetson^ compounds This is in conformitj with the findings of Thomas 

ac '^‘^®onstratcd, furthermore, that the intramuscular administration of 
effects sickling Winsor and Burch' obtained comparable 

Patipfifc ^ utilized methods which increased the CO* concentration in 

cell disease 

'’^rdati aqueous BAL to specimens of the patient s blood resulted in 

mtratnus°°i° sedimentation rate, similar results were obtained following the 

sedimentation rate in 

^thro recognized by Winsor and Burch,' who found that the 

b^T rate of the blood of patients with sickle cell anemia 

Oitypjjj * /^td or accelerated by alternate saturation with carbon dioxide and 
the o h P^tc oxygen was found to accelerate the sedimentation rate, 

fcdinijn/ ” ^and, keeping a tourniquet on the arm for ten minutes retarded the 
found to h ^ rebrcathing into a paper bag Normal blood was 

The ^ affected only slightly by these gases 
Poundj of Thomas and Stetson have indicated that sulfhydryl com 

'disease retarded the sedimentation rate in individuals with sic e cc 

fate foii^ ffff'tfosr in the present ease was the alteration in sedimentation 

absence “tposure of the patient to BAL This occurred, however, in the 

The parhognomomc criteria of sickle cell anemia 


Cell 


^«'hlc development of sickle cell disease in Negroes harbonng the sick e 


bv ^ which has evoked some divergence of opinion The rra 

tthangc occasionally to the disease nndcr certain . 

^ndu?o' number of ted blood cells arc caused to Such 

'fiscasc ^nuld include local or general anoxemia resulting from in 
^c blo'fv)'^^*'^^^ procedures, or other conditions known to slow the , £ 

and « pregnancy and blood transfusion On the other hand, introN^ 

'"f'C'W^a ^ cell disease ar P 

*f*ociate ° earners of the trait never acquire sickle cell . 

studied the comparauve survival rates in normal indniduals ot tram 
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fused cells from persons with the trait and with sickle cell anemia and found that 
the former survned as long as did normal red blood cells, whereas the latter 
survived a much shorter period of time On the basis of these studies, the) have 
suggested that sickle cell anemia dcselops because of an alteration in the red 
blood cell c> toskcleton which is qualitative!) different from the structural anomal) 
responsible for the sickling phenomenon 

The etiolog) of the anemia in the present case was not definitcl) ascenained 
Administration of BAL to the patient did not produce an) evidence of hemolysis 
or an) of the other characteristics of sickle cell disease What role, if an) , the 
compound pla)cd in relation to the anemic and thrombotic episodes earlier in her 
clinical course is difficult to determine It is quite probable that admimstration of 
the drug was in no ss ay involved The manner in which her anemia developed, i c , 
without any evidence of hemol)sis and concomitant with thrombophlebms and a 
consolidative pulmonars process, followed shortly thereafter b) a severe renal 
infection, all suggest an anemia of infection rather than anemia due to blood loss, 
which is the only other possibility which comes to mind The low plasma iron 
might have been found in cither case but the absence of hypochromia and miao- 
cycosts of the red blood cells, and the Jack of any clinical evidence or history of 
blood loss makes the former possibility' the more probable 

Summary 

The effects of the intramuscular administration of BAL in a Negro harboring 
the sickle cell trait have been presented It was observed that the rate of sickling 
was accelerated and the erythrocy te sedimentation rate was retarded in the presence 
of BAL both in vitro and apparently in vivo However, the administration o 
BAL produced none of the pathologic sequelae characteristic of sickle cell disease 
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Net 1 < J ^!lr : 


nsi\c siuJics on the .u 'c" . . i 'i «s. 

F“blishcti As a result of i! c \ -tivi t < s s'l 
ws geticri! impcssion that Rli i > comIi < 

Amman \egro is a rants > Tlic j- ,n - . ‘ t’ 
the basis of a statistKalh moi'i' .„t« c r 
laboraton 

^^JJminjtCTial for this stuJs v as tal cn 1 oni the die s f the I'altirtin e Fh l.a j 
^ or the penod beginninc \ucu't i i , a i c idiiii Noscnilv- , 

S ' IS period a total of ^5 mdis 1 • uls lusc !''cn ti lie ' T hr c a o* a ! 
pooled ^ JOiil'” hr' I'S ir tin a an ! 

mlotio'n Tti ^ Poisiri'c ersthrotstes suspended in p' [— r tent Isosinr alhi i n 
olprenat 1 ^ armbnidv found is Iilcs isc ilcietniincil ilir I'la’i 

) as earned out m tins lalstiratorv has Isccn prcsiotisU } nhh he I 

Rr^ULTs or Stlds 

1^ Q p ■ L ^ 

"'^oin 8 88 q ° 55t56i patients there v ere fis CaiiLastml indisuhuls of 
A®rncanhJ cent) ucrc Rh, nepaine Tlic remainder, n were 

37 pee Cent^ are Rh, nepanse Tile incidence 
than nr P^‘’'“-'^^orl) m the Caueasoid proup, is sonicwlui 

Rh ncgjr*°”^ ^ figures since mans such patients, sshen found 

^“'^ot, the <^scwherc, have been referred to us for studj flxcludinp this 

'^iom groun'i^ constituting this stud) represent a completely unselctted and 
mstauccs of Rh '' ' ' ficoup of 8,889 Rhi-ncgativc Caucasoid individunls 50J 
P^'idits tvho encountered Among these eases sverc 39 

^'tmation by tr' studied through two pregnancies and 9 instances of 
^ 'soscnsitjjpij p osion tn males Correction for these factors leaves a total of 
5 ^percent *ocasoi females The incidence of isoscnsitization is, therefore, 
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“''mg the I SOI Rh 

'''tte encountered Negro patients 77 instances of Rh isoscnsitiza- 

Ptegnancics Th these patients have also been observed through 

^'"’'tidencc of tsm,-!!^’ ' corrected figure of 64 sensitized individuals represents 

1“ '‘'cidcncc group of 4 9 per cent The dilTcrcnce 

'°hc between the Caucasoid and Negro group was 

hotii,[„.g cm statistical analysis * 

■ c*’' Un-vcrs.ty 

d error (o^) of difference between i percentages is 
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CuNiCAE Aspects 

Examination of the clinical records of this group of patients demonstrated a 
significant fact which maj be one of the reasons for the existing general impression 
concermng the raritj of erj throblastosis fetalis among the Amencan Negroes In 
contrast to the Caucasoid group, approximately one half of the infants were made 
quatelj studied during the neo natal period These patients were hospitalized m 
many different institutions throughout the city Thus man) relatively mild cases of 
cry throblastosis fetalis were undoubtedly over-looked In spite of this fact, 14 cases 
of clinically obvious hcmoly'tic disease of the newborn were encountered m the 
senes Of the latter group 4 were severe enough to lead to death As will be ob- 
served in table i the degree of isosensitization observed in 64 cases is entirely 
comparable to that seen in Caucasoid individuals Yet, the immediate mottality 
rate of 6 1 per cent is distinctly lower than the overall mortality from congemtal 
hcmolyuc disease Whether this is actually representative of the true situanon, 
or whether this is simply another evidence of inadequate clinical follow-up, can- 
not be accurately stated at this time 

Two illustrative examples of erythroblastosis fetalis in the Amencan Negro 
will be cited 

Cast I H S a 43) ear old Negro, para 7 mib 6 Uviog cbildrcs tras first aeeo in rbe last cnmssicf ol 
her pregnancy The past history was negatire for previous blood transfusions and esythroblastosis 
fetalis She svas fonnd to belong to type O MN Rh negative Serologic studies revealed a nwv ttt 
anabod) in titer of 3 units with serum suspended cells, and 6 units «ith albumin-suspended > ^ 

blocking test is as negatiie Ancibod) specifiat) was Rhe Serologic studies were earned out cttiy w 
weeks, and a significant rise in titer was observed On her last visit two ivctlcs before ^ 

antibody tjtcr inrh scrum-suspended cells nas found to be 48 units while the titer inth 
pended cells was 384 units The blocking test was now strongly positive Shcdeliveicdanm tweig 
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p per cent of aoascasttjzcd caSH 
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total nninber of cases 


1 /^ 


94815 X o 5t75 ^ Q 93084 X o-° 49 ‘J 
CJJ ^ o 65% 

Dificrence (D) >= 5 175% — 4 5 '®% “ oa£% 

ff o"t6 


o 63 


, O 4 


50 that difference is not stamacaUy si^ihcaoc 
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^ 335 pMDswhoscHo&it>p»ni(OMN Rh The jn^tial hcmoclobin level ujv 15 ^^msand cherc were 
IisS ttlooi cell* m the peripheral Mtx-vJ Jaundice appeared two hours afr*r birth and 

led *pIcnomcfraly were also prc<^cnt The infant received no transfusions 

ischarged from the hmpiul apparentiv chnicalU normal on the fifth postpartum da> Cn the 
PiI^M examination m the Pediatric Clinic revealed the liver and spleen to be barely 

pi c There uas no jaundice but blood smdr revealed a hemoglobin of 4 o p’aras Multiple tram 
o fresh type O \IN Rh negative Mood were given with sub'^quenr uneventful recovery 

^ -^>ycaroId Kegro para r, with . living children w as first seen in the thirtj stood wecl. 

. past histOT) revealed no instance of previous blood transfusions nor of any prcvioDS 

Rh The patient 5 blood tj'pc was found to be O MN rh thatof her husband OMN 

1^1 (probable genoo-pc Rl Ri) Both previous children were O MN Rh, rh Cgcootyyc Ri rO 
studies revealed univalent antibodies in a titer of 96 units with albumin suspended cells 
^ ^ ocTiog test was negative Antibodj spcaficiC) was Rho Blood studies at biweekly intervals 
°^^scratcd practicallj no rise in the antibod) titer On the daj p'lor to delivery serologic scud) re 
a titer of igfi units with albumin-suspended cells and onl) 2. units with serum suspended cells 
ert were no agglutinins active in saline solution and the Mocking test was negaave The pticnt was 
^vered of an infant weighing 3 185 grams whose Mood type was O MN Rh, The inittaj hemoglobin 


Ta*lh 1 —AjaihcJj Ttters m Vartots Oil Suspensttn MjJia >n 64 IststnsietztJ Nipv Wean: 

1 

Bulls of antibody 


SostKOsioo media 


^ Blocting test 

Phyiiolopc saline ! 
solution 1 

Pooled burnan serum 

S<?% bovnne aJbianln 
solution 

0 

41 cases 

20 

0 

Posiave 30 eases 

i-io 

18 cases 

37 

9 


10-100 

4 cases 

17 

M 

Negaave 34 cases 

ioo-1000 

0 cases 

0 

‘5 


tl°0O-I0,000 

0 cases 

1 0 

6 



Ten eases not studied with this medium 


15 gr=m,5 2nd blood smears shossed 4 per cone aadated red cells Becaose of a laUiog tooglobm 
* 90 cc transfusion of fresh O MN Rh negative blood was given to ibe infant on the ^on 70 c 
Severe , annd.ee was observed on the second daj associated with bepaco^Ienomegaly Despite n^s- 
^“ 5100 $ every other day the hemoglobin conaoned to drop During the nert orty six ays °° 

‘null transfusions were necessary .0 maintain a satisfactory hemoglobin level In all a total of 6 zn cc. 
of blood was given over the forty-six day period 

Tlcsc eases, which arc presented to illustrate the f 
fctahs m Negro infants, b> no means tllustrate ideal methods of 
It IS rather interesting to observe that Case i illustrates a varietj 

fetahs not infrequently encountered in which the ^ ^ 

occurred three to four weeks after deliserj in an infant apparently ^1'" ^ 

mal during the early larTe'^T of ery'throbl«Srfetahs is un* 

tS;; iTc’T™!- ...cn„o= ,> p.,. » bW. .h, 

first four to s.v f m the Amencan Negro (S 4 prr cent: 

Since the incidence of the Rhne^^^^^^^ 

IS only somw throhlastosis fetalis in Negroes smII be coTcspor Jmcls 

W Ne"^:ht.:::::u- of a large series has ret ea.ed that there is no sic-ineat- 



12^8 RH isosensitization IN THE AMERICAN NEGRO 

difference in the incidence of isosensitization of Rho-ncgati\c indisiduals in either 
group Rh isosensitization and crjthrobiastosis fetalis raa} be expected to occur 
in the American Negro in direct proportion to the incidence of the Rh-negativc 
type in that race Similar observations ha^c been made in other races ’ 

SUMMART 

I Studies of the Rh factor in 11,486 pregnant female American Negroes re- 
vealed i,}oi. who were Rho negative (8 4 per cent) Si\c)-four cases of isoseosinza 
cion were encountered which gave an incidence of 4 5 per cent in the Rh-neganve 
patients In comparison, among 8,889 Rhi^-ncgatlvc Caucasians, 460 cases of 
isosensitization (5 2 . per cent) were encountered The difference was found to be 
statistically insignificant 

z Two typical examples of er) throblastosis fetalis in American Negro infants 
arc presented 
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THE PATHOG EMESIS OE CR^ THROULASTOSIS FETALIS 
Dj n S Kunc, M d 

M icroscopic cNamimtion of numerous sections of the p'^*, . 

month pregnanes in a case of ers throblastos.s fetahs, J, 

33 rainutcs, and of the placenta of a 7' month . {ji^od vessels 

m which the babs li\cd minutes, showed occlusion ° P^” fibrin Associated 
of man) silh and trunks bj agglutinated red bloo cc s a walls and of 

Wth the \ascular thromboses, there were, in places, numerous 

tcgional tissues with rupture and hemorrhage of feta 00 , ^ Through the 

mtact nucleated red blood cells, into regional intersi (-irculauon 

broken surfaces, adjacent maternal blood was in contact \vi mother of m- 

These observations indicate the mechanism o ^^,5 fetalis and of the 

^mpatible fetal red blood cells in cases of cr) t ro anemia 

transfer to the fetus of the maternal antibod) that pro ^ ndj occurred 

The two placentas showed, in addition to hemorr ^ ^ somesvhat older svith 
at Or very shortly before the time of exp i.-^neracing nuclei, co'ering 

abundant fibnn and red blood cells, some svic intermingling of 

the ruptured surfaces of villi and lotting of fetal blood at the 

fetal and maternal bloods had been stoppe > 

sites of hemorrhage -r rTcripheral tissues of man) 

Vascular thromboses with necrosis 2nd imp ^^lonal intervillous spa«s 

viUi and trunks and hemorrhage of f'tcal b o crychroblasrosis fetalis 

was observed in rbc placenta of 211/3 addK.ona «^ ported 

2nd of all xx3 cases in the last half of normal of norma 

previously * Although the changes m the X13 pl 2 « ^ ^o cases of 

pregnancy observed microscopically arc t ,f the fetal hemorr age^ 

erythroblastosis fetalis described above, j 35 such, without the pr^ 

,p.c=. 

identification of unquestionable ,,,.nr-5 Vicrc reported , 

into intervillous spaces m the nvo pa g • of transplaccnta rran 

Since the first report, b) ^/d explanations of 

immunizing blood factor inherited rom 

mechanism concerned have been ofierc to m- T 

The permeab.Uts of the of tissue f— " 'T'/rmeJ that 

gressivcl) fo the end of pregnan ^.rcularion, 

and fetal circuHcion diminis / the pressure in for the escape 

the thinning of the placental ^jPord ample opportun 

greater than in the local materna filooJ cell' m our 

into the sinuses of a minute number o ie meab.l.ts of th- r> 

of .ho or..".o" 0„ 

„ M, s.nii ties cor.. 

From the Lsborators Dcraamcm 
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PATHOGENESIS OF ERVTHROBLASTOSIS FETALIS 


°A ""I Often genet 

c t thc mZ thatsubchnica] deSciency of viSmin 

lanes of Te ^ permit a break in the integntj of the apt] 

nes of the chorion tvith escape of Rh positive fetal blood, thus leading to iso- 
munization of the Rh negative mother Naeslund and Aren’ have recLlj re- 
ported a case of toxemia of pregnancy in which the full term placenta showed 
hnm ^ hematomas and microscopically in these areas, gaps in the epithe 
um of vilh and in the walls of their blood vessels The photomicrographsThow 



Flo I Pl2Ccnta Jtl 1575 of 8J monih pcrgaaocy Case of erythroblastosis fetahs (MigniBauoa 
about 300 X } (Right middle area ) Occlusioo of blood vessel ol villus by agglucmatcd red blood cells 
Jind fibrin Necrosis of walls and of regional tissues with rupture 


marked vascular engorgement suggesting that the regional fetal hemorrhage was 
due to rupture following obstruction to the return of venous blood at or vety 
shortly before the expulsion of the placenta 
Javert® has reported the finding of gross hematomas in the placenta of 8 of 
34 cases of erythroblastosis neonatorum and in 7 of 10 examined microscopically) 
nucleated fetal red blood cells were found 
The observations cspeaally in the two cases reported here and also in al t e 
additional 13 cases of erythroblastosis fetahs and in all the X13 cases ^ 

half of normal pregnancy studied, indicate that hemorrhage of fetal bio tvm 
many viUi and trunks into the regional intervillous spaces occurs in t e ^ 
half of all pregnanaes as a result of occlusion of the involved penp era 0 


n 5 kt-tM 




Fio 3 — Plicenta »i_43 (Atipiificicion Jboot -ro X )(Ccnro') RK«t h-s-rrHit-f 0-3 ti ' it i-to 
repionil tntemllouj sj^tccs ibomaf cir]i lormaiion tci co!J:-c oi (S-'T- c‘ t'-- f-il r-i v’J 
Cell* axe naclcatcd ) 




Fio 4 — Placenu $ 1979 (MagniHcicion about 300 X ) (I^t and upper ) Recent clot containing 
numerous intact and degenerating nucleated fetal red blood cells (espeoallp upper right) following 
hemorrhage from villus (Reprinted by permission of the Amencan Journal of Obstetrics and Gynecology ) 





ha 6— Placenta #1979 CMagaificauon abont xoo X ) (Left lo™' “PP» ? 
^h 2 gc {rom peripheral vessels of truot with recent bloocJ dot fonnatjon 
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vessels by agglutinated red blood cells and fibrin and necrosis and rupture of the 
tvalJs and of the regional fetal tissues ' It is possible that the primary damage 
IS due to the excretion of waste products of metabolism 

The placenta in ever) one of the ii8 eases reported showed, in addition to 
fccent fetal hemorrhages, older ones with the clots composed mostly of fibrin 
stained by hemoglobin of laked fetal red blood cells, and degenerating and de- 
generated fetal red blood cells Fetal blood clots, apparently still older, con- 
sisting of little more than fibrin arc the most conspicious finding in all placentas 
after raid-prcgnanc) The oldest clots were observed in vanous stages of organiza 
tion 

In the placenta of 8 of the 15 eases of erythroblastosis fetalis, the viUi showed 
the changes characteristic of the disease They were much thicker than normal 
and some were edematous The surface epithelium was thickened and in places 
double The stroma was thicker than average and compact where not edematons 
Many of the central vessels of villi and trunks showed degenerative changes and 
shrinkage, in places complete obliteration Some showed thickened endothelium 
and prominent pcnvascular fibrosis 

The villi of erythroblastosis fetalis, with thick double epithchal covenng and 
thick stroma, resembled those of the first few months of normal pregnancy The 
chickening and the doubling of the epithelial covering, the chickening of the 
stroma and the other changes may well have been a response to their constant 
exposure to the harmful fetal red blood cell anubody of the maternal blood 

Since It IS now known that the erythroblastosis is a secondary manifestation, 
the designation erythroblastosis fetalis for the disease, is by no means sans 
factory and appsars to be no longer justified Furthermore, since it has been found 
that destruction of the incompatible fetal red blood cells in the disorder may occur 
in part by phagocytosis Ctefcrences given in a previous arocleO, the term hemo- 
lytic disease of the newborn is not entirely accurate A more fundamental dcsi^a 
tion in keeping with the author s concepts would be “transplacental eryt 
cytotoxic anemia 


Summary 

The mechanism of transfer, in eases of erythroblastosis fetalis, L 

fetal red blood cells to the mother and of maternal blood with anti y to ^ 
fetus, was observed cspeaally well in x cases in which the infants ^ 

The two placentas showed occlusion of penpheral blood vcsscs o 

and trunks by agglutinated red blood cells and fibrin Assoaat wi t e 

thromboses, th^e were, in places, necrosis of the walls and of 

with rupture and hemorrhage of fetal blood, containing numerous m a 

red blood cells, into regional intervillous spaces Through ter 
adjacent maternal blood was in contact with the fetal “trans 

A more accurate designation for erythroblastosis eta is 
placental erythrocytotoxic anenua 
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CORRELATION BETWEEN THE MEAN CORPUSCULAR VOLUME AND 
RETICULOCYTOSIS IN PHENYLHYDRAZINE ANEMIA IN SWINE 

F Douglas Lawiiason, Lt (jg), MCR, USNR, D C Eltzholtz, CPHM. 
USN, C R StPE, CPHM, USN, awd P K Schorl, CPHM, USN 

O NE OF THE causes of an increase in mean corpuscular size is a pronounced 
rcticulocytosis The increase in the volume of the red blood cells due to 
this cause is usually a temporar) finding which follows a sudden loss of blood, t 
hemolytic crisis, or any reaction which acutely stimulates the hematopoietic 
system During treatment of pernicious anemia with specific therapy, iris not 
unusual to find in conjunction with the reticulocyte response a transient increase in 
the degree of macrocytosis as measured b} the mean corpuscular volume 
When a macrocytic blood picture is associated with a reticulocytosis, it is often 
difficult to evaluate to what extent the larger size of the reticulocyte contributes to 
the mean corpuscular volume This problem tvas encountered in the interpretation 
of hematologic data gathered during previous studies with swine at the Naval 
Medical Research Institute, Bethesda, Maryland The present investigation was 
undertaken to stud) the correlation between the increased percentage of reticulo- 
cytes produced by phcnylhydrazinc hydrochlonde and the mean corpuscular vol 
ume in swine under controlled condiuons 
Phenylhydrazine has been used by numerous workers to produce both expen 
mental anemia and reticulocytosis This drug and its dcnvatives have been 

considered hemolyiuc agents ® ’However, Goodman and Gilman'” do not consider 

the chemical action of the drug hemolytic in nature They believe the drug enters 
the red cell, splits part of the hemoglobin to hemm and denatured globin, and the 
hemin, acang as a catalyst, changes the remaining hemoglobin to methcmoglobin 
and possibly other unidentified substances Phenylhydrazine usuallydoes notcaiue 
depression of the bone marrow and probably does not affect the immature red 
or the white cell '* Eirythroid and myeloid hyperplasia have been noted in one 
marrow of animals treated with the drug ' 

Matbriaxs and Methods 

Six adult iwinc averaging 185 pounds in weight were used for thcie itodicj 'vete 
from a hybnd scocL prcdommantly Duroc Jersey with an admixture of Poland dirt 

White All fix twine were lept in a common pen meajnnng approximately 10 by an 
as recommended by the U S Department of Agriculture conjitted of a 17 per coit 
mineral mixture and 83 per cent whole yellow com Brucella abottus agglntination tetri 

AiumaU were bled in the lasaag state Tbc blood wat obtained from the e^ ^LcTMcdle and aP" 
in the lower neck The bone marrow wat aspirated from the itemnm with a ur 
pfoiimately o i to o x cc of marrow blood was withdrawn The preparation e jtjnJaid 

made immediately upon aspiration All other laboratory determinaaons were cam 
methods " 

From the Naval Medical Besearch Inttitute, Nanonal Naval Med|cal and are not to 

The opmiont or assertions contained in this article are the private ones o j. | ,o-vice at large 
be construed as official or reflecting the views of the Navy EXtpartmeot or t 
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"The sjQ- ^noLne of phc*'ilhiJrjnnc ilrcs.hlcj ide \ js to all of the attjntals oa each dar of 
p^tn-nt Th- i-uc nis given o'aIN with a handtui of food for the first nine doses Beginning mth 
“ '«:th do<e ard co-tiruirc to the end o' the studs it ivas given intravenonslr in a - per 
‘^^t.tion into the sarre plexus of seirs from s hi h the anitnal was bled 

Results 

Initiallv all 6 sxvinc x\erc considered hematologicallx normal with an average 
trvehroex ce count of 6 5 million per cu mm ' hg i The ax erage mean corpuscular 



'olun]e(MC\') of the red cells for the group x\ as 6ocu '^I'cr mouth in 

'■'tc count was c 3 per cent Phenx Ihxdrazinc hxdroch on c u to 

Jail} doses of o 2. to o 4 Gm for the first nine daxs r ^ Little o~ no im 
° 5 Gm on the tenth day and xvas gixcn intraxenotu > v ^ jr, x\ hen i o 

Bicdiate reaction was noted with the administration o o 5 moderate xxoahness 
Gm was given intravenouslx the animals cxhibitc rai the fortx 

^olloxxing iniection This reaction lasted from one to ' ^^^hnir-s folloxxinc the 
Second dose the drug xxas increased to t o Gm an t c rc'ps’U'c 

'njcction became more sexere and lasted fixe to ten "2'" when it s' as 

obserxed with the higher dose ma} haxc been due to On the f Itieth 

administered, all animals xxcrc scxerelx ancmiv Ii>t es 
da) the drug was discontinued 
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MCV AND RETICULOCrroSIS IN PHENTtHTDRAZINE ANEMIA 


One ammaJ, number 5, failed to respond with a reticulocytosis It became rapidlj- 
leukopenic and severely anemic and died from intcrcurrcnt infection on thefonr 
tcenth day, after receiving only 4 4 Gm of phenylhydrazine At autopsy the bone 
marrow exhibited an extreme hypoplasia of both erythroid and myeloid com 
ponents Since the response of this pig diverged widely from the rest of the groap 


Y 

1501 



and from the usual response to this drug, the data gathered from this anima 
not included with the data of the group Qjq 

The total dose given to the 5 remaining animals ranged from o 30 to o 
per kilogram of body weight, or approximately a8 Gm Of these 5 ^ 

between the thirty-ninth and fiftieth day and the remaining a survi''^ -1076111 
covered The total dose received by each of the a surviving amm s Incom 
One animal was found to be pregnant toward the end of the ocpcrim 
plete abortion occurred two days before death of the anima unng 





obMincd kfcTTc anJ 'f-; 




Fio j — Phoromicrographs of bone marrow specimens obrainca cmhroiJ hrptrx'-i”^ 

tJon of phcnjlhjdrazinc HCI (a) Bone marrow ^m one of t c ret, -ul xTito^* 

nmltiouclcatcd ct) throblasts observed danne ihc period j^c pr'ioJ of b'p^ ■*' ■* 

Cb) Bone marrow showing numerous serj immacurc cnihro asr Prsih'ro J h^pe-pi^i* ct 

(c) Erjthroid hyperplasia exhibiting mans basophilic norrm a^ be'e- i’’ ai 

••ibiting litc normoblasts (c) Normal bone marrosi obiaiocJ Iron * 

•Ministration of pheny Ihydrarine HCI 
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MCV AND RETlCULOa-TOSIS IN PHUm LHYDRAZINE ANMA 


da}s of the scudj all of the anirnals developed sterile abscesses at the sites of 
injection 

Figure I demonstrates the course of the a\erage red Wood count (RBC) for the 
group of 5 swine The RBC of i of the animals dropped below' one million shortly 
before death but the lowest i\erage le\el for the entire group was i 6 million It 
w ill be noted that the as erage reticulocs te count for the 5 animals w as maintained 
above )0 per cent for one month, and over 90 per cent for sixteen days During ten 
days of this latter period, 3 of the animals maintained a reticuloc) tosis of approxi 
mateh ico per cent The hemoglobin and hematocrit decreased proportionately to 
the RBC but are not shown on the graph At the time when the reticuloci tosis 
was marked and w hen numerous Heinz-Ehrlich bodies were seen, the spectrophoto- 
metric determinations of the hemoglobin ma\ have given falsely high readings 
because of the peculiar turbiditv of the solution A similar turbidity has been 
described for in vivo and in vitro studies with phenv Ihy drazine and has been 
considered to be due to the release of the Heinz-Ehrlich bodies from the ery thro- 
cv tes “ 

The average MCV closelv followed the trend of the reticulocy tosis and both 
reached a ma\tmura simultaneously The maximum MCV of the group average 
was 133 cubic microns (fig i) The MCV of one of the surviving animals whith 
had maintained a reticulocv tosis close to too per cent for ten day's remamed at 140 
cubic microns during this period In figure z the MCV is plotted with relation to the 
reticulocy te per cent for all determinations made in the five swine during the study 
The regression line for this correlation is a straight line fitted to the data bv the 
method of least squares In determining this regression line, only the data up to '^0 
per cent reticulocy tes were included It can be seen that with each increment of to 
per cent in the reticulocy tes the MCV increases 6 8 cubic microns plus or minus a 
standard deviation of 7 S cubic microns The reason for using the selected data ui 


discussed 

The bone marrow of all animals was studied penodically Beginning at the 
eleventh to twentieth day and continuing throughout the time of administration 
of the drug, the bone marrows of the 5 swine exhibited marked erythrcKVti 

hyperplasia (figs 3a, 3b, 3c, 3d) The mveloid-cry throid ratio was revets 

zy to 75 erythroblasts were encountered for every immature white cell Many 0 t^ 

erythroblasts were quite immature and commonly found in large aggregates 

taming many pronormoblasts and basophilic normoblasts Frequentmu tinut 

erythroblasts were seen (fig 3a) Mitoses occurred in every stage ^ 

unusual numbers were seen occurring in large nests 5i^,c5 

normal pig bone marrow IS shown for comparison in figure 3c The ray e 

did not appear to be disturbed The peripheral leukocyte m any 

throughout the experiment but at no time did they reach leukopenic e 
of the five animals Most of the swine developed a leukocytosis terrain 
was probably, for the most part, a reaction to terminal infection 


Discdssiok 


Clinically, a delayed reaction to pheny Ihydrazine, is well 

anemia sometimes occurring many days after discontinuation o 
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bcnvn ■' » Expcrinicntallj, the c/Tca of the drug upon the red ccUs seci^ 

occur with little dela> Upon discontinumcc of the drug, recover) romt c 
prom prl\ occurs ' In the i survu ing swine no dcla)cd effect o t c mg 

^^was observed , 1,^-mfv 

There is some uncertaintj as to whether the action of phcn)lh) 

^ftic m character"’ or is due to the aplastic effect of the nzo 

investigators belies c » •' At anj rate, animal number 5 reacted as i ^ ^ 

wth benzol The pigdet eloped a marked leukopenia an an extensive 

ihefiist week and died on the fourteenth da) oftreatmen ^ i^er s swine er- 
lijpoplasia of all elements in the bone marrow was foun „™inse observed 

lubitcd the usual response to phcnjlhvdrazinc The vanation m r 

m rbe one animal can not be explained nheral blood and for 

The much discussed Hcinz-Ehrlich bodies were seen m ^nQsidcrs this 

^emost part appeared to be within the adult Pj jta^c attacks 

wet, among other evidence, to support the theory t t p rcffactile bodies 

““•y the adult and not the immature cell He bclicv« at ^ 

*rr evidence of destruction within the red cell No o adult erythfoqtc 

^dy on whether or not phcnylhydrazine attacks o > jnafjow and the 

However, in view of the extreme ervchroid hyperplasia in ^ administration of 
^gh rcticnlocytosis in the peripheral blood dunng immature red cell 

W>e drug. It would appear that the drug did not attack ^ ^ 

The data used for the calculation of the regression me s ^ extensive 

occurring below the 80 per cent reticulocyte correlation occurred 

petering ofpoincs and apparent lack of continued 10617 iJl> severely anemic, 

P^ng this period of observation the animals wem ciw ^hen the dmg was 
3 of the 5 died The a surviving pigs appear m ^^jemia a close corrcla- 
oiscontinucd Wintrobc^" has pointed oat that in ^ cells when the 

tion exists between the erythrocyte count and the correlanon is not 

hernia is moderate, bat when the anemia is number of rcticulo- 

found Similarly, in these swine, the corrclauon ^ of the anemia 
'Ttes and the MCV probably was affected by the . ^ot appear « b= « 

Quahtauvcly the bone marrow during this jj^jcmaiontrofthcr 

h>T 5 crplastic as It did earlier in the experiment not seem likch chat c 

cells in the peripheral blood were reticulocytes, it proceeding at m 

c^throid regeneration in the bone marrow co undoubicdl' ' 

'cleal maximum rate since the general meta o s practical 1 a 

disturbed Itma) be that at the higher dose of pbc ^^nculocues m the pc- 

ebe adult crythrocj tes were dcstro) cd thus ^ the retic 01°^'*^' 

cipheral blood Therefore, at the near 100 per ^ of optimum erv ih 

1* probabh onl) an apparent maximum and not a 

C) lie regeneration r ^-ilucs between the So an 

Howexer, in spite of the wide scattering o points ten 10 v * 

«nt rcticuloc) te level, it appears that for this is not entire 

toward MC\^ \alucs lower chan expected rv-riod -I 

If the animals were iron dcBcicnt dunng t is j,, explained Evis- 

niean corpuscular volume of the red cells max pos 





MCV AND HETICULOCTTOSIS IN I-HEN\ LHYDRAZINE ANBJDA 


anemia produced by phcnylhydrazinc usually is not considered to be comphaKd 
by an iron deficiencj since the iron from the destroyed cells is returned to the 
system for new hemoglobin formation However, sterileabscesses developed at the 
sire of injection of the drug in all of the swine Robschcu-Robbins and Whipple” 
and others"* have shown that in the presence of a chronic inflammator> itaction, 
such as a sterile abscess, the rate of production of nctv hemoglobin diminishes 
because iron is diverted to the assues and is not made available for hemoglobin 
synthesis Therefore, toward the end of the experiment the anemia may have be 
come an iron deficiency anemia 

Another explanation is based upon the prcviousl) discussed possibility that the 
bone marrow was less active during the period when the majority of circulating 
cells were reticulocytes Thus, the rclatnc percentage of nearly mature, and 
therefore smaller, reticulocytes would increase This trend, if pronounced, may 
have become sufficient to account in part for the apparent shift of the previously 
linear correlation In the final analysis, it is likely that many factors affected the 
correlation in this high range of rcnculocvtosis 

Below a rcticulocj tosis of 8o per cent, a close corrclauon between the per cent 
of reticulocytes and the mean corpuscular volume was found However, since there 
IS a large variation in individual determinations as evidenced by the standard 
deviation of 7 8 cubic microns, it would be difficult to attribute a inacrocytosis to an 
associated reticulocytosis if the reticulocytes were not increased beyond 10 per 
cent Nevertheless, from the data it is possible to determine approximately the 
role a moderate reticulocytosis would play m the increased mean corpuscular 
volume found m a macrocytic blood picture in swine 

Summary and Concldsidns 

1 Six adult swine were given phenylhydrazine hydrochloride orally and inna 
venously Hematologic observauons, which included pcnodic bone marrow stu es 
were made before, during, and after the administration of the drug 

x Five swine responded to the drug in the usual manner with progressive ancmi^ 
reticulocytosis, and ery throcytic hyperplasia of the bone marrow Three anima 
died between the thirty-ninth and fiftieth day of the experiment after receiving 
total dose of o 30 to o 35 Gm per kilogram of body weight Two swine survi 

and recovered after receiving a similar dose h h ted a 

3 One animal died on the fourteenth day of the experiment and ex ‘ 
course which closely resembled that of benzol poisoning Rapid 
granulocytopenia, anemia, and extreme universal hypoplasia of the nc 

were observed red cell 

4 A direct corrclaaon between the mean corpuscular volume t = rrtucalo- 

the per cent rcaculocy tes was found within the limits of o to 80 pet ecu 

cytosis With each increment of 10 per cent in the reticulocytes t emean 

lar volume increased approximately' 6 8 cubic microns 

f phcflyl 

* Bodanscy M , Mark, W JL, and Brindley, P An cxpcrim^tal i/ratmrtit 
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FETAL AND ADULT HEMOGLOBINS IN THE BLOOD OF INFANTS 
AFFECTED WITH HEMOLYTIC DISEASE OF THE NEWBORN 


Bj Eric Ponder, M D , D Sc , and Philip Levine, M D 

A CONSEQUENCE of a preferential hemoljsis of red cells containing fetal 
Hb b\ the Rh agglutinin-hsin system (Jonxis“) should be an inacasc m 
the proportion of adult Hb in the blood of infants affected with hemolgnc dis 
ease, and this proportion should be even greater il, as Joaxis beheves, the affected 
infant develops adult Hb in utero as a protective mechanism As pointed out by 
Baar,' the conclusions of Jonvis are in contradiction with the results of Baar 
and HicLmans and of Baar and Lloyd^, these results were obtained, however, 
before the relation of the Rh factor to hemoh tic disease of the newborn was ap- 
preciated An independent determination of the proportions of fetal and adult 
Hb in the bloods of normal newborn infants and of infants affected with hemolync 
disease of the newborn mas therefore throw light on the situation 

The proportion of fetal and of adult Hb in a mivturc of the two can be deter 
mined b\ methods which measure the rate of denaturation of Hb by alkali, the 
human fetal type denaturing slowly and the adult ty-pc rapidly The method of 
Brinkman Wildschut, and Wittcrmans* and that of Brinkman and Jonxis'* require 
special apparatus, and Baar and Doid s^ simpler modification of Horowin sp« 
trophotoraetric method requires a photometer more sensitive than that usually 
available A procedure which makes the determination of the amount of alk 
resistant Hb much less dependent on the sensitivity of the photometer involves 
the precipitation of denatured alkaline globin-hematin with half saturated am 
momum sulfate at the isoelectric point 

Method 

Red cells are obtained from cord blood washed and heraolvzed br freezmgand 
water is added to male a lo Gin /room! solut/on of hemoglobin A volume of ‘s* 

of 6ve bealers each containing lo ml of NaOH glyane buffer of pH 11.15 at 16 C 14 minoid 

glycine plus 5 S5 Gm NaCl per liter and 6 vols of o 1 N NaOH) After ^ ^ jljj NiOH 

10 ml of saturated ammonium sulfate containing enough N HCl to neutralize m 0 
glycine buffer is added to each mixture in succession The alkali globm hematin 
irirfoar dihn by filtration with suction (filtering sp'ed at least 10 ml /mm ) and the initial Hb 

of Hb remaining arc found cither colorimetncally or photometrically as a ^,(,nis of the 

concentration A photometer such as the Lumetron is quite sensitise enough c nme, 

concentrations of Hb arc plotted against time except for the point correspon ™ of fetal 
they usually fall on a straight line iihich when extrapolated to zero time, gives t 
Hb present in the mixture 

This method has been tested in two ways , (lavc been 

I The percentages F of fetal Hb found by the method as applied to percentage of de- 

compared with those found by Baar and Lloyd s photometric method in w jjin mismtv 

natured Hb present in a mixture at any time is computed from the cxuncaon ^ jjicsn percentages 
and the ertinrnnn coefficients of Hb and of alkali alobin hcmatin The logarl m 
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ind th *^**^*^^ fill on a ^traipht line «hcn the times arc grciicr than about 10 min 

ID them ^ of ihi< Ime to aero time p^cs, the percentage of fetal Hb originally present 

Ime ^ ^hou s the slope dClog F') dr of this line in 4 eases together with the slope of the 

^o-io/F ' R^cthod in uhich the denatured protein is precipitated at pH 7 italsoshosss the 
am P^centages of fetal Hb present and found from the intercepts of the lines on the log F 

<^'«^rcpancics berucm the results of the rsso methods is usuall) associated nich the 
Points f^ ^*outcs the Baar and Uo)d method rending to gise higher salues This point and 

^ or shorter times houc\cr arc not included in the drawing of the straight line since they lie 
carve vrhtch turns upward from it the points corresponding to longer times usually lie scry well 


Calculated 

Found 


Pfcapilotion at pH 


Baar and Llo) d s* metbod. 


dMof: F di 

Fo ptr 

d'lof Fj dt 

Fa per ceot 

i 

0 003^ 

1 8- 

0 OQ44 

ss 

0 0038 

8s 

0 0035 

' 88 

0 033^^ 1 

70 

0 0046 

75 

0 0048 

87 ' 

0 0044 

1 94 


J soL rjtb F - 8J A - 19 pJos 


0 ■» vol ' 0 5 \ ol 

A • 100 i A - 100 


vol Wiii F - 72 A - 25 plus 
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Found 


^ 'he line irrespcctnc of the method used to obt«n them Since both ,re extr>poljt-DD m-thod, tn 
»Fcement to « ithm ±5 per cent in the final value of F can be considered sati<facion ^ 

a In set oral experiments one tolume of cord blood containing F tent 0 oa a^ioor^ 

° adult Hb was mixed sMth o z o 5 i and z volumes of blood containing a u t ° rtie r'liti-r- 

the method was then tested bp using it to find the percentage of fetal Hb r's - ^ ^ 

Ttible z Illustrates the extent of the agreement betwxco the salues found and^ose cal -ulate- - 

'hat the method is applicable over a snde range of concentration of fetal Hb 

Results ^ 

The proportions of fetal and of adult Hb were found bt this 
lood of 15 normal full-term infants and of IS 1 in h 

case of the newborn The red cells of the affected infants were o 1 . 


instance, the reaction with Coombs scrum tart me from 
eroup of normals the atenee pcrcentace of fetal Hh wa 


— to 

-o " w 1 h - 


blood or INFANTS \MTH HEMOLTOC DISEASE 


12.66 


deviation Of ±3 9 in the group of affected infants, the average percentage of feul 
Hb tsas 78 6, tMth a standard deviation of ±4 i There being no^gnifiint differ 


Summary 

A method is described b) means of which the rapidlj denatured adult Hb can 
e separate rom the slowlj denatured fetal Hb bv denaturing with alkah and 
precipitating the denatured raatenal at its isoclectnc point When applied to 15 
norma cor bloods and to the cord bloods of 15 infants affected with hemolytic 
iseasc o the newborn, the method showed no significant difference in the pet 
centage of fetal Hb present 

j ^ f^'-iminarioai 0/ the quantity of Tctai Hb have also b-cn cametl out at pH 11.7 and no ognifioat 
J"* found b-tH rtn the avtrage valnes for 7 normal cord bloods and the cord bloods of 
7 infants affected with hemolitic disease 
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COINCIDENCE OF MEDITERRANEAN ANEMIA AND PERNICIOUS 
WEMIA IN A YOUNG SICILIAN 

J WiLi.iA\r H Crosdi C^Iajor, MC, AUS) and Harry J Sacks 
(Captain , MC, AUS) 

^ ^nenjia is ordinanl; a disease of the middle years and old age 

Mediterr^ under 30 jears of age, it is uncommon but not remarkable ' 

^slassei^'^^*^ anemia particular!) in its mild forms (target-oval-ccll trait or 
^f^lians ^ IS fairlj common, occurring in about 6 to 8 per cent of all 

^cdi simultaneous occurrence of both permaous anemia and 

this a anemia in one person has not prcnousl) been described We report 

and t, tu one case, in tvhich opportunii) for careful studies of the blood 

°°e-marrow was afforded 


^ tolisccd nun on doty it i fire sucion was born xi Hoaston Texas Jnly 3510 of 
Fiouiy fiisroiy was negative for blood diseases The pancnc s mother died m childbirth 
Mother father one brother and one sister were known to have diabetes mclhras One 

titoaT^ ML ^ ^ ^ ^ ^ 

dhood diseases and except for minor lilncss had been well before the onset of his acemu 

*^crc enlisted in the Army Air Forces m September 1546 In December 1546 he developed a 

^atcrr diarrhea after eating the fruit of a cactns plant This pasistcd with six to twelve 

par day for a month Toward the end of clus bout he felt weak casilp fatigued and treath 
^547 h ™ exertion P 7 hcn he fainted on rwo occasions he went to his dispensary Onjxna^ 30 

e hospitalized at the Stacton Hospital Forth Worth Army Air Field 
fyj CMination on admission to that hospital showed a paDcnt with a pallid sbn a yellowish 

Bl/%Aa mucous membranes The tonjme was very smooth No other abnonnaliucs were zhated 

pressure 110/70 

Ihc reported as follows RBC 3 o million hemoglobin 10.5 Gm color index j™ 

Etn-wf macrocyics and uilcd erythrocytes The Icukocjxe count was 5700^ 

no ^ neutrophils, the differential count was normal Gastne awlysis showed 

for exTT^u acid The feces were negative for blood ind pantiles CJnnxIj-sis and tcralopc teST 

00 negeuve Thcrepp with liver eitrecr w« begun on Febnarp 14 Reocaioevtc raect 

hcbmixY ^ J 5 cent Pol) chronasu w« noted On M»rch 3 the blood piemre wss « /ollow.^ 
d o nullioa hemoglobin 14 Gm There were nung narrocytes »nd tilled erythrocyrei in 
h»d b«ophilic suppling The blood pJjiclcts were 4>S 000 the ^ BC S Son hirer errre. 
^scontinued on Mjrch 5 j 

jau„, trinrfcrred to Brooke Generid Hosp.ol on Merch _ ^'>^>“1 oatmnstion on 
wnh “changed from that reported earlier The patient seem -d p» Hid and listlcsJ : va 

<l«k complexion, hazel ' ' 


Case History 


decreased 


for ki J The blood scrum was negative for cold ag^It^oEins r'cs nxrc r 

L m and excessive fat Gastne anaivsis with hiscanurc was tepcar ^ 

Qacacid Urina ry urobilinogen was 3 13 mg pg -4 Eou's Icdirrcr ra>. ^ 

Ffom the Medical and laboratorj- Semcei BrooU General Hc^ ul Bon 5 a= ff'v 

i-fr 
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CASE OF MEDITERRANEAN ANEMIA AND PERNiaOUS ANEMIA 


per loo cc X raj of the chest and gastrointcstioa! system svas negatnx Proctoscopic examioanofl OQ 
April 10 ^^as negative 

A gastroscopy performed on April iz revealed no evidence of atrophic gastnos* A bone nurrorr 
examinattOQ on April xi. shoued no mcgaiohlasts but on May 14 a few megaJobUsts were noted with a 
slight increase in the number of immature ctythropoiccic elements present 

A short course of liver thcrapj was given in the attempt to cliat a reticulocyte response. At this tune 
the patient was not anemic Target cells were first noted in the pcnphcral blood however Thepaacm 
was returned to duty and examined biwecLly as an outpatient Tbe red cell count at this time was 4 S 
million the hemoglobin 14 7 Gm 

In raid August the patient $ red count had fallen and he was readmitted to the hospital At this tune 
his tongue was sore There were no neurologic signs or symptoms The patient complained of easy faogoe 
and occasional indigestion with belching Phjsical examination was unchanged from that of his first 
admission The blood picture at this time was RBC 3 38 million hemoglobin 13 5 Gm hematocrit 34 
VPC MCH 40 MCV toi MCHC 39 7 rcticuIocjTcs o i per cent WBC 4 lOo diffcrcotul normal plate 
lets 380 000 Anisocj tests and pioljlocj tosis were cv*idcot Gastnc |Uice contained no free hydrochlonc 
aad after histamine Urinarj urobilinogen 14 i mg per 14 hours Icterus index 8 Indirca van den Bergh 
1 4 mg per too cc Total scrum protein 7 o grams per cent A/G ratio x-x. Liver funcuon tests indadini 
ccpbalin flocculation thjmol rurbidicy prothrombin time and brornsnlfalcin excretion were normal 
A study of aspirated bone marrow at this time revealed erythroblastic hyperpJasu The cryihropoicnc 
senes consisted chiefly of megaloblastic cells lo all stages of maturation a few cells of the normoblast 
senes were present The granulocyte senes showed a normal maturation process except for the presence 


of occasional large hypersegmented neutrophils 

Just before treatment was begun a moderate splenomegaly was noted The patient was now 

on liver extract There was a well defined renmlocjTC response with a peal level of toper cent 

count rose rapidlj from approximatclj > o to approximately 5 o million As the poiblocytosn ol per 
nicious anemia disappear^ from the peripheral blood the targct-ov'al-celJ trait became very en ent 
The patient wasdischargcd from chchospital and from the Army on December 10 1547 


Discussion 


Vtnnctous antmta Until this patient was studied the second tune we were rcluc 
tant to make a diagnosis of pcrmcious anemia It was suggested that the maao^c 
anemia might have been nutritional following protracted severe diarrhea s 
was ruled out by the fact of his relapse while on an adequate diet The sprue 
syndromes were ruled out by a normal smalTbowci pattern on x-ray cxaminatio 
and by normal scrum calcium and normal fecal fat 

There were many points raised against pcrmcious anemia None eliminate 
diagnosis but their very number cast suspicion on it The patient was x > 
Pernicious anenua is classed with the degenerative diseases and is seen in t 
bracket of arteriosclerosis, cancer and diabetes Wintrobc* reports ato ^ ^ 
of pernicious anemia admitted to Johns Hopkins Hospital from 1^2.5 to j 
\ patients were less chan 30 years old _ 

Our patient was of Sihcian origin In a study based on admissions to 
Brigham Hospital, Fricdlandcr^ reports that o 16 per cent of all Ita 
nosed pernicious anemia The rate for Scandinavians in this same s 
times as great (i 2. per cent), for the English, 5^ times (o appearing 

The gastroscopic examination was negative in our patient 


• Dr Don W Chipmao of Biylor Umvcrsirv 


a member of the cieil.m profosion*' Bmol 
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gsstnc mucosa is reported to he found in about 40 per cent of patients with per- 
niaons anemia Some of those who shots atroph) ss ill improve with liver thcrapp ‘ 
It Was noted further that in June our patient had been three months without 
^tment, jet had a normal cn throes te count Manj eases of pemiaous anemia 
relapse in this time but some base gone as long as two j cars without treatment 
Wore thej relapsed ‘ 

There ssas absence of neurologic changes vibratorj and position sense were la- 
^ot, there \\ as no paresthesia Pernicious anemia need not be accompanied by such 
changes One of four clinical tj’pcs of the disease, as classified by Dameshek, is a 
pnrclj hematologic tj’pe, characterized bj severe macrocyuc anemia and y 
■ttlcifanj neurologic involvement ’’ 

The target cells found in the peripheral blood could only be crplaine y sup- 
posing there were two diseases Adding this unlikelihood to the others iscuss 
above we thought it best to make no definite diagnosis 
I^cn the patient retumed in relapse, the clinical picture of pernicious ancima 
'vas inescapable There was a macrocy tic anemia which respond wi re 

^OSIS and an increased total red cell count Thcboncmarrorwdcmonstratcdmega ^ 

lasts and hypcrscgmcntcd poljTnorphonnclear neutrophils Thw was 
achlorhydna after histamine There was evidence of increased emog ° ^ 
solution manifested by a mild acholunc jaundice and increased urinary m 
gw excretion in the absence of liver disease There was inflammation > 

of the tongue Laclang only was evidence of central nervous sj , 

^<iiterranean anemia When the mask of P«wiaous ancma with i g 
‘I'storted red cells was removed, the targct-oval-ccU trait ^“me ^ ^ 
Mediterranean anemia occurs in degrees of seventy varying roto t j, 

which IS Cooley s anemia to the targct-oval-ccll trait, so go narrern Its 
tailed a disease » The anemia is hereditary, following a men c 
severe form occurs in children whose parents both have a ™ Daland 

case The mechanics of transmission have recently been we 

It IS of interest that with the simultaneous occurrence of pernicious 

picture of pcrmcious anemia dominated In patie^ o 5 n-as hvpo- 

anenua occumng simultaneously with chrome blood oss 

chromic ^ follow-up examination 

Our patient returned to Brooke General Hospital gg jmllion hemoglobin 

tn February 1548 His blood picture was as follows Cells on stained 

tfi 5 Gm , hematocrit 47 VPC, MCH x8, MCV So, at this time b' 

spreads were slightly hypochromic The patient hifochtomic pobo- 

Ph- William Dameshek of Boston who pointed out a Oameshek ’■uyc.cstoi 
thcmia IS characteristic of mild Mcdicerranean anemia other members 

however, that this diagnosis be confirmed by cxaimaa 

the patient s family This was done \trdical the ' cterars 

For most of the material we are indebted to the counts and sent bfisoJ 

Administration in Houston, Texas which ma c 
smears to us for examination 
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C^Sn OF MEDITERRAVEAV ANEMIA AND PERXiaOUS ANEMIA 


The patient s wife age _i Group O Rh posituc Irish cimction She was n-ganre for the to. get 
osal-cell trait 

SB (father of patient') age 6) Dubetic Group A Rh negatne RBC 4 J5 million hemoglobin ij 
Gm Target-osal-cell trait positnc 

\f B V (lister of patient) age 3S RBC 4 53 niillion hemoglobin 1^3 Gm Targr-oral-ccll trail 
necatisc 

J L B (brothe of patient) age 33 Diabetic Group A Rh positive RBC 4 39 million hemoglobin 
13 5 Gm Target -o' al-cell trait positi'C 

Jfl (brother of patient) age ^ RBC 5 37 million hemoglobin 15 Gm Target -oval<ell trairpositra. 
FB (brother of patient) age .4 Group A Rh positive RBC 4 74 million hcmoglobm 14 Gm. Tar 
ger-0'al<ell trait negatne 

M B C (sister of parienr) age 10 Set ere diabetic Group O Rh positive RBC 4.67 tmllton hemo- 
globin 14 Gm Target-o'al-ccll trait neeatne 

P B (daughter of patient) age 3 Group O Rh positive Targct-oval-ccll trait positive 
One maternal uncle and his daughter tverc negatne for target-oval-cell trait 

When last c\aminctl in March 1948 the patient was in good health His red cell 
count \%as 6 o million, his blood showed a high proportion of oval cells but onl) 
an occasional target cell was observed When re-cxamincd in November 194^, tbe 
patient s phvsical condition and blood counts were unchanged He has connnncd 
to rccenc liter injections n\o to four times monthh 

SuMMARt 

I Coincidental Mediterranean anemia and pcrniaous anemia were found w i 
2.6 year old soldier of Sicilian parentage 
1 The diagnosis of pernicious anemia was made on the finding of achlorbjdna 
afte" histamine glossitis, megaloblastic bone marrow and macrocvtic anemia 
which responded to liver extract on two occasions 

3 The diagnosis of mild Mediterranean anemia was made b> finding the targe: 
oval-cell trait in the patient and in five members of his famil) 

4 It IS of interest that target cells were not found in the penpbcral blood on 
treatment with liter was begun While pernicious anemia dominated, thecharaaer 
of the pcnpheral blood picture was macrocj tic Liver thcrapi corrected s, 
whereupon hypochromic polvcjthemia characteristic of mild Mcditerrancaa 
anemia was found 
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Patterns in Mediterranean Avemia and Sickee Ceel Aetemia 

T T Has been ampK demanstrated in recent a cars that the severest form of 
Mediterranean anemia knossn as Coolc\ s anemia, occurs in certain children, 
oth of Tshose parents show mild forms of the disease * ' ’ 

These mild forms arc transmitted b) either parent m a racndclian dominant 
ashion and such indisiduals with the mild target ceil or Icptocytic disease may 
Said to be heterozjgous for the condition On the other hand, cases of the 
disease appear to be homozvgous for the hereditary trait The marriage 
two heterozjgous individuals results (at least theoretically and in accordance 
'sith mcndelian laws of inheritance) in 50 per cent severe cases, 15 per cent mi 
heterozygous and 15 per cent without any evidence of the disease ^ 

Mediterranean anemia and sickle cell anemia show many points of siiaiUncy 
hath Conditions occur primarily in special racial groups, target cells an incrcas 
resistance to hypotonic salt solutions arc common to both, the anemia oes no 
t«pond to either the use of iron or splenectomy Cases of sickle cell anenna^havc 
'rrthcnnorc been described in individuals of Italian and Greek 
^es of apparently ty'pical Mcdiccfrancan anemia are occasiona ) ' 

r agrees ■* As we have previously stated it is possible that both isor c« 
resent variants of a single larger hereditary abnormality charactOTzed > » 

"°nnal hemoglobin metabolism and defective, unusually thin red cells 
If the heredity of Mediterranean anemia is by now well known, t a 
•^e 1 anemia has, at lease until recently, eluded investigation * ' sickle 

'nhentance pattern in the former disease, it seemed possi c t a 

anemia might be due to the inheritance of the sickle cell trait from both 

parents s s j nr 

trait Itself has been shown to be inherited as a simple existed in 

It seemed likely, therefore, as Neel® recently stated, t a 5,eklcmia 

hicgro populations a gene which in heterozygous condition res 
^nd in homozygous condition m sickle cell anemia disease had rev calcJ 

Previous studies of the parents of patients with sic c cc occasional 

no definite pattern of heredity in fact, in most hand Neel "ho 

parent was found to have the sickle cell trait On t ° parent 

tested 42. parents of 19 patients with sickle cell anemia, 

tested to date has sicklcd t on a vombination ot th- 

Nccl placed especial reliance for the sickle eel tes toamiq^'t 

technics described bv Serner and Waugh and ' 1 a drop of 'tatu bh o- 
''as applied to the finger for three to five minutes an t Janus preen > ' 

tom the finger w as placed on a slide containing a sma ^ ^over-lip " b"-b " - 
methylene blue the preparation was then cJ'crc ,,i.\cnts i"o b i-''’ T‘' 
sealed "uh xaschne and examined at intervals up t .c _ 

preparations were routinch made It "as felt t at t 


i-'i 
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by Other observers might be explained in terms of lack of fanuhanty with the 
technics necessar)' to elicit sickling 

This important observation will of course require confirmation from other 
sources before it can receive complete acceptance However, the results by this 
experienced genetiast arc so clear cut and at the same time so logical that negative 
results by other workers will, from now on, require considerable scrutin) That 
the sickJcrs arc heterozygous and the cases of sickle cell anemia homozygous 
explains much that has hitherto remained obscure Nevertheless, the reason for 
red cell sickling and the exact difference between the red cells of the sickle ccU 
trait and those of sickle cell anemia remain as mjstcnous as ever 

Wuxi All Dameshek 
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HEMORRHAGIC DISEASE 

Str^^ STRETTOMTas K Dibre H E Bnssaad and J P StMlttr From the D-partmem of 
^^cpfomycinothcrapf. La Qiaiqac Mcdicalc det Eofaacs Pans France Sang 353”357 ^545 
Ptis ^ were obscr\cd donog one >car The patients were treated for tnbercnlons menm 

niiliary tubcrcalosis wich daily doses of scrcptomycio varying between i and 3 Gm Three pur 
thrombocytopenic with diffuse hemorrhagts Three were athrombocytopeoic- The 
P hetween tabcrcnlosis and pnrpura is discussed In 3 eases the tuberculosis was in an acute 
JO 3 others the tabcrculosis was no longer progressive 

® r tionship between strcpcotnycinothcrap) and purpura was studied In 3 cases the surptomyciQ 
not be coaccrncd since the trcatmcflc had been dtsconunued eight five and two months before 
pj ° pnrpura In the 3 other eases cure of the purpura was produced with blood transfusions In 1 
with°° occurred when strcpconij*cm was restarted In the 2. oibcr cases recovery was complete 

mve stopped strcptom)an Thus there was 00 apparent reJauonship between strepto- 

^0 crapy and the mentioned purpuras 

^ JP^ 


Ta^KjaExicPoumaAivTuBERonxKisOFTHESpLEXv R CMxdical a.DiC of the Umvcrs.tj of 

nsanne) Schtvciz med Wschr 7/ oSo 81 1348 

c author describes q cases 10 which tuberculosis of the spleen was foUowed bs throm^peoia 

^ of megakaryocytes arc found in the bone marrow Splenectomy is rccommcn wic 

f^ottttive streptomycin therapy 


orcKE Btnon Cnoi iv HESiOEHnaa / fW/ From the 1st Medical dime. Charles Un.vers.tr 
'^guc Cas I8k ies 401 1948 

low " blood clot IS undoubtedly one of the best diagnostic signs in hemop la ^ 

J "in>l to zero in this disease In ipancnts suffering from hemophilia t caut 

by “ '’f "bbit serum This nse "2 

Philr' ' '^s accompanied by an inceasc of red blood cells an Vh.'r serua di-" r ’t 

-'■d bj a reduction of the clottmg nme TTie subcutaneous .n,ect.on odhc 
nism ^ f'Ctor lacking in the hemophilic blood it probabh developed son. u 

^>ng the resistance of the blood doe 


P‘™Fr,„rs,o,„.UAoxC„»OMcT„aoM.Asnncv.A C IV MeUnii'” J' 

“I'CTsitj of Nebraska Medical College Omaha NebrasU ^ch bare JS^ 
fvnn m classified as pseudohemophilia arc reported and the svT'- t - 

«'llebrand 1916) and chrome hereditarv hcmo'thaqic thronhs 
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arc discussed The ^a^lous means of controlling hemorrhage in pscudohcmophilia arc nia]non*d In 
pscudohcmophilia the bleeding tendency is said to become less marLed svith advancing years SorgiaJ 
treatment is contraindicated unless absolutcl} required 

WNV 

Capillary Fragility Studid (Gothun Test) ok Ovr Hukdred Patients REcmiKo DictiMAXOL. 
R A JkhthrfT anJ H I Gltttck From the Department of Internal Mcdiane The Jewish Hospul 
Cincinnati Ohio J Lab Clin Med u 44S-457 1549 

One hundred patients rccciMng dicumarol were studied to d-tennme if an) correJauon existed between 
the occurrence of heraorrhage and increased capillar} fragilit} as measured by the G5thlin test Six of 
these patients had received dicumarol continuous]) the shortest period was three months and the 
longest nineteen months None of these patients demonstrated a positive Gothlin test Hemorrhag* was 
observed se\en times in 100 patients rccciting dicumarol In none of these w'as the Gothlm index posi 
uve Seven patients demonstrated a positis’c Gothlin test and gave no clinical evidence of hcmorrhigc 

GiC 

ErrEcr or Vitashk P Lice Substakces on Capillary Resistance iv THsosaocYTOPENne Puipuxa in 
Rats L 0 RanJuU a'iJ E L Sttrsnt^haus From the Pharmacology Department Hoffminn-La Roch 
Inc Nutlcy New Jers-} Arch Biochcra aa. i)l-i)8 1949 

The decrease in capillar) resistance produced by antiplatclet saiim as measured b) a skin suenon 
test in rats was found to be prcs'cnted in part b) flasonoid matenals and also b) certain hydroxy subsu 
tuted compounds and quinoncs not obviousl) related to Mumin P The test was therefore not ipeofic 
for \itamin P like matenals Rutin was found much less cfTcctnc per weight of dose than cmaiQ 

other materials with sitamin P aairic) Ascorbic acid and a rocopbcrol phosphate wer* inactive la 

preventing the fall in capillar) rcsistan— p odu •d by antis rum ^ 


Eftectivekess op Dicumarol Prchylaxis against Thromboembouc Cosipijcatioks Following Majw 
S uROERY A Four EAR Survey 3 304 Cases IV D IVtse F F LeknoTidC E Bsmh'i From 
Department of Surger) and the Department of Clinical Bio-hcmistry Mat) Hospital and the Uo' 
vcrsicy of Maryland iiiool of M-diane Biltiraorc Maryland Surg Gynce A Obsi S! 4Sfi-4?4 
1949 

This study of a large series of pauents follow'ing ma or abdominopelvic surger) adds to the npidJj’ 
accumulating data demonstrating a staustically signiScant rcdunion in the inadcncc of postoper*^^ 
thrombo-mbolic complications with prophyUcuc anticoagulant thaapy m those groups of pauents 1 
which the expected inadcnce is high ^ 

The authors discuss the advantages of chcmoproph)Iaxis over venous Iigauon, the advinugcs^ ^ 
lied by a consavauve ratha than drasuc reduction of prothrombin actiMty and the necessity or 
standardiiaiion of laboratory procedures u W 0 


LEUKOCYTE MORPHOLOGY AND PHYSIOLOGY 

CStudics of Blood Cells with the Phase Miaoscopc Using the Shadow Method for Normal^ ^ 
kcmic Cells- ) Etude sue les Cellules Sakouines au Microscope a Contraste de 
Methode de l Osieraoe (avec une Etude pARTicumiRE des M£oacartocttes) jjicaoscon^ 

Hemat 4 a-94~349 mS Etude sur l Etalemekt des Leucocytes du SakoHum^^^ ^ 

A Contraste de Phase et par i*a Methode de l Ombraoe M Brssts ^na AL ^ 

350-363 1949 Etude suR LES Cellules DES I-euc£mies ET DES MviLOMES auMic»o«ote 

DE Phase et par la Methods de l Ombraoe (avec une £tude P axticuu^re dS 

DE LA Formation DE Cellules DE Riedkr ) M Bessts Rev Hemat 4 3^4”395 ^949 176 micro 

An exhaustive study of blood cells is made with the phase roiaoscopc illustrai 

photographs ^nbortes tad the in-g* 

Succcssncl) the erythrocytes the granulocytes the lymphoqrcs tnc rnro ) co beidcuucaf 
karyocytes are studied The structure of the mcgakaryocvtcs and thrombocytes seem 
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thus confirming the rcljtionthip hciwccn thc« cclli The technic mi the ° ra^o- 

ooai »re di^euSKd The nmnal polt nuclear^ epread out ttcll on plexiglass orm ot cu , ^ 

cjtes do not spread as ssell Poijnuclears seen tn sesere .nfect.ons spread out espec.allj svcil on these 

The ttmnurc of the spread out polj nuclears is studied «ith the electron microscope pp»r 

nca! to that desenbed for the hs aloplasm of thrombocsics case they ssmre so numerous 

In leulemic cells Auer corpusculcs arc ser) ca<ilj detected 

that It Tvas possible to separate them bj mechanical destruction of the cc s midicd 

The cells of mjeloid and I>mphoid leukemias and of ms clomas arc sue s 

boxA Red SpEcmcbcops ssutii the Rnnxenvo Micuoscope in P’t'yics . Oxford and the 

w A R H OU..JH W Tfen,pr« From the Depttment of Human A„tomy 

Physical Chemical Laboraror) Oxford England Nature Lon ^ of microscopy An 

The dei-clopment of a reflecting microscope b) Dutch has s\i en ^ Among the examples 

unponant extension of its use to include infra red spectroscopy is nos ^ pcmiaous anemia factor 
p'cn of the application of this technic 1$ the spectrum o a cryst features of a polyamide If 

■Solated b} Lester Smith As a ssholc the spectrum did not shoss the gffl molccnlar structure 

cvenmalij proves to be so the spectrum rouse be masked ^ay of rofra-red spectral 

Another line of svork uhich maj prose of great hematologic pmatcr po'^s ^ resolution may 

absorption of biologic cells There seems ever) reason to hope t at ij^aoal pan^ of cells uiay be 

obtained ssnth further desclopmcnt of reflecting microscopes so t 

studied ® ^ 

The HiTEssEoiuENTA'noN OF NEirrnoPHiL LBtn-cxnntQ / Umxersit) Bmo ^ 

Experimental Pathology and the jrd Medical Department 

*7 559 19^8 nrarion of neutrophils in their 00 

Among loDo cases of pathologic individuals 48 bad b>-pcr«gm ^jjyous anemia and other 
smears isides the commonly knosvn occurrence of these ct s 1 ffjqnent presence m gastnc n 
“rationed in the literature the author caUs attention to their ^ ^ tempoiary phenomeo 

P^ssms After splenectomy, a considerable hyperscgmcntation 

which disappeared after a certain time 


From the 

saTATioN OF THE ANAPKTLAcrooENtc PaoPER-rr BX Eosinot Scotland Bril J P" 

^ of Pathology and Pharmacology Edinburgh mver conditions 

aj 511-514 1949 constant Eoiinoph.ls 


T^ANSPOR 

menu of Pathologj and Pharmacology fidroourgu „nditions 

F«h aj 511-514 1949 constant feature m a g> 

Hypcrcosmophilia 0/ a locaJ or general character AntiKcn antibody mtera .ni-cncn 

rad thaeforc the eosinophil may play an important been produced 

were recovered from guinea pigs after an anaphylactic ^ from total F™“'” " ^ pE utm 

^hotse serum and e^white'^ The dosage of antig^^---^,, ou sens.t.t^X- F .h- 

arious sera eosinophilic and leukocytic antigens cootenuon thic Icukocrf^ 

CSchuln Dale Test) Ev, deuce has been presented to , cosmoph.l sn- 

•• C,- ^ars-nt cameo D> mtlC^ ^ 

^*^iti2ed uterus was 


iphilic and leukocytic antigens were cootenuon thic IcuLocrr^ do 

icsr; Evidence has been prcscnced to ^ jbe eosinophil Ot 

«^u,^ed uterus was precipitated by a specific agent ^ ^ „,a,part the anng- 

not have this property The author suggested that eosinopm ^ ^ ^ 

interaction between antigen and antibody 

TfL-Oit TO O' ATI ' 
j^Tiov or Gtv-ohi ^ 

Vamationi in White Blood Cells Followino the from the ^ L" 'ct ' 

«ra NovoiABETta J W D T }>Urki ^ , pbvsicians and Suttro"’ ^ 

Anatomj and Obstetrics and G}'nccolog> Endoenno! f ci'"^ ^ 

the Presbyterian Hospital New "iork N j jn'e 

The administration of too Gm of glucose m the to 
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following paacntj 14 nondubctics 15 diabetics i with Addiion s disease i with Cashing s lyndromc, 
and I with Sunmond s disease. The effects on the absolute lymphocyte count were de te rmined The 
normal paaents and the three with Addison s disease Cashing s syndrome and Simmood s disease all 
reacted similarly with jm 18 3 per cent drop in lymphocytes The diabetic patients showed a 43a per 
cent drop in lymphocytes The authors fonnd no correlation with the sugar curves The only exccptioos 
to the above findings were two psychoncurocic eases 

R,CC 


The Correlation or the Qrculatino PoLTXfORpnoNucLEAR LHtrcocTTES (Nbdtrophiles) with the 
Adrenal Ascorbic Aao in the Rat A Dmry From the Department of Physiology, The George 
Washington D C Endocrinology 4) 33^348 1948 

The purpose of this worL was to detcnninc whether there was any correlation between the amount of 
ascorbic aad in the adrenals and the nomber of anmlanog neutrophils Sprague Dawlcy rats were used 
In the normal rats the number of neutrophils decreased as the amount of ascorbic aad increased, thus 
a negauve correlation The lymphocytes showed 00 such corrclaaon Injections of adrenalin decreased 
the ascorbic aad content of the adrenals but did not influence the neutrophils or the lymphocytes m 1 
similar way Twenty hours after the adrenalin injection the correlation already mcaaoned for the Dormal 
animal was re-established Urethane induced a lymphopenia but did not alter the arculating ncntrophils 
or the ascorbic aad content of the adrenals The authors suggest that the adrenal cortex regulates the 
number of arculating nentrophils to some extent 


The ADsaNiSTRATiON or Adrenocorticothophic Horaione to Norkal Hosian Subjects. The Errscr 
ON the Lbococttes in the Blood and on Qrculatino Anttbodt Levels P H Htrhat W/ d- 
dtVrus From the McGill University dime Royal Victoria Hospital and the Department of Bacten 
ology McGill University Montreal Canada Endocrinology ^ 5^73 ^949 
Circulating anubody levels in normal human subjects were not increased following the adminisir*tioo 

of 40-400 mg of adrcnocorticotrophic hormone The findings of other worLcrs, that the lymphocyte an 

eosinophil counts would decrease under such stimnlaaon were confirmed. u r r 


On the FoNcnoN of Monocytes in Influenza Virus Pneumonia Kjtrf Bsl / tvftX . 0 oitcth 

tatskl d Chanti Berlin) Ztschr ges Inn Med 1948 437^444. ^ 

A cell system is described which develops &om inaaivc prestages of advcontul histiocytes 
medium sired vessels of the lungs under the loflucace of the imtating acuon of virus 
cells arc hisaocytic monocytes charactcnrcd by the capaaty of stormg trypan bine m ^ 

and by a peculiar arrangement and form within the granulauonossnc. Pathologic forms 0 hvs cdl 

segmented leukocytes in the pcriphcnal blood arc described The vital staining rcacoOT 
system IS differentiated from the known properties of the rcuculo-cndothclial system o c 


PHYSIOLOGY OF COAGULATION 

The Stabilitt of Ac Globulin and of Prothrombin in Citrated Homan Plasu^ n ^ ^ McdiaQC» 
andW H Seeders From the Department of Physiology Wajme Umvcrsity ege 


Detroit Michigan Surg Gynce & Obst Si 37 U" 37 ^ i L„ijn 

Dally determinations were made of the concentrations of prothrombin ^ ^ the two- 

atrated plasma and stored atrated whole blood Prothrombm analysis was cam om 
stage method and a modified two-suge method 10 which an optimum amount o S 

Tided in the first stage. at least three weebj 

The prothrombin concent of atrated plasma stored at 5 C remained constant or coustifu 

as determined by the modified method whereas plasma Ac globulin coaccntwuon -yjju 

for seven days and then gradually decreased to about a third of the imaal Icvc y 


1 stored 
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laicise in p?ijDu Ac globalin approximated the apparent decrease jn prothro “ ” ^ rrr^rnol 

bj- the nninodtfied two-stage method The stahiliij of prothrombin was ^ -n-nmfaecd 

rcUnlardemeotsbot Ac globulin wa« found to be somewhat less stable in whole 

piatmi . 

It wonid appear therefore that blood obtained from hospital blood 
toleration of prothrombin and that for ordinarx use the decrease in Ac glo u in is 
to be of clinical signihcancc H-WB 

A SncninED Teoiotcuc ro» the Dctehmivatiov or PaoniaosiiuN ^ . Umrentty ol 

From the SasLatoon Go Hospital and the Deparem^ of Ph^ologp 
SasLatchewan, Saslatoon, Saslatchesran Canad M A J ^ otufactoiy m the 

A simple method for determination of prothrombin umc, wbi described In this ptocednre, 

tegnlaaon of patients on dicumarol therapy doting a two )-car ^ was standardiod in lemis 

whole blood IS added at the tune it is drawn to throroboplasDn c ^ pf red cell-plasma nuatures 

of per cent of prothrombin by raLing blood in silicone and preparing a sen of thrombo- 

cootaining varying dtianont of plasma (The plasma dtlacGt is not sta 

plastin for tbc individnal determinations is desenbed hnsoitals In vicwofthelnmtations 

This method is recommended for use in office practice and sm er jj^y^over, the advantages of 
of prothrombin determination as done by gcocrall) accept m ^ sroold appear to 

sttnplicity rapidity and elimination of the necessity for tcea 

warrant ita further investigation in dicninarol treated paenu H,W B 


w ^ rnAieiAr rrom tnc racnoiogioi 

^b & dm Med 1949 i. ^ been compared osmg the two-sogo 

Estimations of prothrombin in dioimann plasma have method of Qnicfc 

of Warner. Bnnthons and Smith Cmodificaaon of Herbert) °°jX^„niboplastin The twostage 
ttage method m which Russell viper venom and ledthin svcM “ . p^e-stage viper venom 

ttethod gave results in fair agreement with those obtain found to be lower 

When rabbit btain or ox lung was used the prothrombin fuand that hemorrhage 

given by the other two methods Using the venom-leathin , , . normal value- r vC 

^^mdilccly if the pla5ina prochronibia was Icept above 30 pcf 

^ ^ y ShrK''-^^^ 

WmSTUDim ON Human Bcood IH Ei^rm of Puasma Columbus Ohio 

EromthcDcpanmcntofPachoIogy, GiIlegcofM einc, v „j;bnnorm 

] tab &ain Med u 477-481 ^949 clotting time of frofflp^ 

In a Cl -c. itemoostrated that tn „ observation p 


rm became elevated as the puncy of the fibnnogffl IV i fracnoo „ „[ 

author to study the effect of albumin fraction ilbumm defimttly lo ^ system 0^ 

he tbtombin-fibnoogen reaction amc It was foun jepress the clortiog 

IV 1 elevate and fraction IV.4 and hemoglobin slightly depres 
■nogen fractions in aerate phosphate bnfi^cr 

_ t. ^ ^ 


piBiooo FaAcnONS <7^ 

^E SxtmiEs ON HusfAN Bcooo IV 

E’fciaro’.flFtf From the Dcparrtpcnc of P^thologff 

^10 Am J Physiol r /4 458-464 1949 , salt low , ccaiura''' »' 

effect of hepann on 6bnaogcn fracaons njc'" 

1 studied As small an amount of hepann as o OI mg Ou fibnnotrn ra 

S^lant effect on too ec. of Seta filtered fi'^“°E^"ftamed These vaned no.h <- 
t not filtered variable but reproducible effects ' 
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of added hepann The author concludes that this phenomenon suggests the presence of another fance 
(T) vrbich IS necessary for the production of coagulant effects of heparm m fibnnogen fracoons 

R.CC 

A Protamine Titration as an Indication of a CLcrmNO Defect is Certain Hemorrhagic States 
J G Alim P V hioslJcr K Al El^hammer B J Grvssman C L AlfK/m AI Stn^Jrrsn W Eptrr 
anj J Al Crosbie From the Department of Surger) and the Argonne National Laboratory of liu 
Unncrsit) of Chicago Chicago Illinois j Lab A Clin Med S4 473'’47^ *549 
A method for the determination of heparin like substances in blood is desenb^ in detail This mthod 
IS based on the fact that uhen hepann is added to blood and the clotting time begins to increase very 
small increments of hepann then markedly prolong the clotting time and when these locrcmaics arc 
plotted against the clotting times the cur\e obtained for normal blood is a typical first order curve 
Thus in order to make use of the more sensitive portion of the cutac blood sp-cimens were mad^ 
coagulablc by the addition of a standard amount of heparm and then back titrated with a standard 
solution of protamine sulfate to a clotting end point Theoretically the amount of protamine solfatc 
required in such a system to re-establish coagulation would vary in accordance with the conccfltranoQ 
of the native hepanns and annhepanns of the sample other factors being normal The protamine 
requirement under standard conditions was found remarkably constant in both man and dog Sources of 
error and the limitations of the method arc discussed In a future publication the authors plan to present 
their rcsulu in ccriam hemorrhagic states using this method 


LEUKEMIA 

Chronic LvupnATic Leckemia A Study or loo Patients Treated wtth Radioactive PnosTKoatit. 

J H Uwrtncf B V A anj J W J CsTfcnJcr From the Radiation Laboratory and Chniiom 

of Medical Physics (Donner Laborator> and the Department of Physics) and Radiology University 
of California Berkeley Calif JAMA 149 5S5-5SS 1545 

The authors arc impressed with the case and satisfactory perhaps encouraging results 
meat of patients with chronic I) mphacic Icukcmu by means of internal irradiation with P** ^ 

used was i to 1 raiHicuries per week for from four to eight weeks repeated subsequently whmtvtr ^ 
disease relapsed There was a small increase in the ascragt duration of life under this rrcatmut asco 
pared with the use of x ray alone c p 


Spontaneous Remission in Acute Leuxesha Report of a Case Cosipucated »r Eclahp^ 

A L Jenks Jr and S K Daits From the Departments of Pathology and Internal 
Methodist Hospital Des Moines Iowa J A M A 585-59T, 1949 of which 4 

The authors collect i r eases of spontaneous remission of acute leukemia in the litcnturc 
were m children (all females) 3 m adult nulcs and 4 in adult females Tbcdarauon o is well 

from z. to II months (authors patient) One case showed nvo separate rcmissious * 
as the authors the cicntual outcome was death . 

The authors detail the story of the eleventh ease a woman of 33 who develop'd th 

seventh month of pregnancy and who at the same time develop'd eclampsia ^ there was 

delivery of a snllbom baby the panent had spontaneously impovcd to a point for eh 

complete normality of physical examination blood count and bone marrow sm»rs died despr* 

following twenty-one months when she rather suddenly relapsed and within cc 
treatment Autopsy showed leukemic involvement of bone marrow and spleen 

x-r rtv OF Myeloma A 

Formation of Crylstaxs in the Cornea during Urethane Medicatio v ^Sy-SS *91^ 

Medical Department Hospital of Chur Switzerland) Schweiz, med ^ tdo^ma. As formaGO^ 

Deposition of cry seals in the cornea occurred during urethane mcdicanon 0 m\ crpiali are w 
of crystals may be found in different organs in myeloma the author asks urcih*^^ 

called myeloma crystals or urethane crystals The fact that they disappca vr 
cation ceased seems to speak in favor of the Utter C.M 
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SPLEEN 

ACo>..o«,T,oso,T,.nB..-x,Sr.n.oM. P P 

Hophnt UniTcnit) and Ho'pital Balcimtve Md j,u'’pl°hocencs>5 splenic pathologr 

Banu s syndrome is res less ed in re^s ol hismo 

dmial course and ifacrapj* One hundred and thirf) three d ucnrlv seen >o this condition 

author concludes rhar although splenic icin h)pa’tension has cen ^J}culat^lrc, the role 

and maj be associated ssnth a sarictj of abrormaiines in the sp cnic ^a^lcc5 and sobscqneni 

JoJi hrpcncnsion plays other than leading to the formation o gastro jj,5 spleen 

Mood loss IS nncxplained The esidcnce for the tiso hemopoiesis is rcvics«d 

catnely (i) iDdiseriminate phagocytosis and (S) humoral in i ° Jcailcd eompactson of results of 
Therapy is discussed from both the medical and surgical aspects » 

portal shunt procedarc with the procedure of simple splenectomy is [q v 

s:,„m the Denartments of Medicine 

PatMAaTSpLE-s-icPasHEMATortviA R If' HctnltaniW D Ht Univrfsiry aesxiand Ohm 

and Surgery, Unisersity Hospitals of Qeeelaod and estem 

Surg Gynec fi. Obst 75-51 1545 neutropenu anemu and thrombocy 

Sereo patients with splenomegaly hyperplastic bone marto was clearly hemo yric m 

topenu svere studied before and after splenectomy Ev idena tna ,„„,omy from otherauses 

nature was lacking With the ciccption of one ptieot svho i follo'ving splenectomy ™ 

all showed marked although in most insuoccs ‘T^^ia Splenic phagocytic aaioO o 

“non of the spleens revealed vary mg degrees of ^ rTiained or band assun 

any ngnihcance could not be demonstrated m supravital jop^ua are best explained '’7^ 

The authors believe chat the findings in primary Donbt is cast on 

shat the spleen has some regulatory action on a are members of this syn 

2lut congenital hemolyuc anemu and idioptbic throm u w B 

drome " 
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Bircclona Ediconal Mingucl Scrvct 19^9 5x2. pages 

This book contains seven sccaons some of them developed at considerably greater length than is 
customary m tins country on the followng sub)ccts penicillin m the treatment of ncutropcmisCrccom 
mended) the treatment of kala aaar b> splenectomy (recommended in certain eases because the spleen 
acts by depressing marrow acuvit} ) clliptocy tosis in man (discussed in great detail classified on none 
too secure grounds into constitutional clliptocy'tosis and no less than eleven atypical forms and com 
pared with the occurrence of elliptical cells in the camels, the conclusion is that oval red cells m man 
and m the camels arc similar in a superficial way only) leukemia in pregnancy (x cases with a jxiat 
of cases already described) the blood picture in allergy (cosinophilia the most constant feature) the 
distribution of the Rh factor in Spam (high percentage of Rh negatives in Belgium and m the north of 
Spam local variations in Spam not statistically imprcssn'c) and the admimstranon of drugs etc., ria 
the bone marrow (recommended with many contraiodicatioos most of which arc already recogmred) 

Each section has an English summary All the sections arc wntten from an essentially chmcal and 
morphologic pomt of view and the extensive bibliographies will appeal to those who like discussion* m 
be thoroughly documented 
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'THE PROTHROMBIN CONSUMPTION TEST ITS CLINICAL AND 
THEORETIC IMPLICATIONS 

By ArmanoJ Quick. M D . and Jean E Favue-Giely , M D 

procedure uas described for estimating the available tbrombo- 
E IS based* ° blood, nhich was named the prothrombin consumption rest ‘ 
coavnl principle that b} determining the prothrombin before and after 

Prothro ** a measure of the plasma thromboplastin that reacts with 

P'othro^b*** obtained By means of this test it was established that little 
'^ipleted**'-'*** ‘Consumed in the clotting of cither bemophihc blood or platelct- 


tion blood was allowed to remain one hour at 37 C after coagula- 

riS'ilcs prothrombin of the scrum was determined While satisfactorj 

incoiis obtained with hemophilic and thrombocytopenic bloods, occasional 
'^use or'b*'**'* '^<trc encountered that could not be explained In searching for the 
blood° / aberrant results, the important finding was made that when normal 
<letectab)°'a rube, all of the fibrinogen is converted to fibrin before a 

that th fi “‘™'°“rton of prothrombin occurs * This leads to the logical conclusion 
an ^ ^^°t, being uniformly dispersed through the mass of blood, presents 

adsorbing surface which quickly and effectively removes the nascent 
that preventing sufficient accumulation to initiate the chain rcacnon 

nil 0/ through the labiliaing action of thrombin on the platelets Almost 

. tnc 'Consumption of prothrombin therefore occurs onl> after the serum has 
^be clot either mechanically by centrifugation, or spontane- 

through dot retracuon 

observation that prothrombin consumption is mar e ' ’ " 

In Q j ^ *^bc separation of scrum from the clot, the original test vias m 1 
afto- ^ 'control the adsorption factor of fibrin Instead of "aiting one 
tuij.,''°^^^“'ton before determining the prothrombin of the scrum 
fift- ’ ‘Contaimng the same volume of blood, were allowed tocoagu a c 
®incd ^ t“bc was centrifuged and the prothrombin o t 

once and after fifteen minute intervals Since the con' ersion p 

^^arquc^rc Uniren.n Scbool of Md.ar- 

"-h CO acIcnowIcdgcThc cooperanoo of the .L-L 

’^>5 'Ll ’ Hospital and the Junior Lexguc ‘ ‘ 

M»tion,i I •“{>«««) b> a grant from the Diwsion of Rneirch 

mtitutc of Health, United States Public Health Sers ice 

I3.S1 
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PROTHROMBIN CONSUMTOON TE^ 


bin IS very rapid immediately following the break in the intimate contaa of the 
serum with thefibnn reticulum, thrombinwill form and accumulate during centnf 
ugation, therefore the prothrombin time done directly will be abnormally short, 
since It measures thrombin already prresent plus the amount formed during the test 
By adding sodium atrate to the clotted blood just prior to centrifugation, thrombm 
formation is stopped, and a true prothrombin value in serum is obtained 

Methods 

The prothrombin consumption test rcqaircs the same reagents as the original one-stage method for 
dctcrmiiung prothrombin * The thromboplastin is prepared from acctone-dchTdratcd rabbit brain which 
consistently yields a prothrombin urac of ir to ixj seconds for normal human plasma 

Tncalcttm pbasphate trtatti plasma (calatm phosphate plasma) Tncalanm phosphate quanncauvcly 
removes component A from oxalaced plasma It docs not remove the labile factor nor fibrinogen there- 
fore calcium phosphate plasma serves as a ready and convenient source of fibrinogen when detennmmi; 
the prothrombin of scrum 

Calaum phosphate plasma is prepared as follows A measured volume of a o 005 M suspension of 
tncalaum phosphate (i cc for every cc of oxalatcd plasma to be treated) is transferred to a test tube 
By centrifuging the gclaunous calaum phosphate is packed and the surplus waterpoured off ThcroiDircd 
volume of fresh oxalatcd human plasma is added mixed \vith the adsorbant and repeatedly stirred with a 
small glass rod for five minutes at room temperature The calaum phosphate is removed by ccncnfagation 
and the clear adsorbed plasma poured into a dean test tube 

Pntbramhtn feme of sentm TTic calaum phosphate plasma (o i cc ) is mixed with o i cc. thrombo- 
plastin and o I cc of o ol M calaum chloride Into this mixture o i cc of the scrum is blown by menu 
of a serologic pipct and the time required for a clot to form acairatcly detemuned 

The prothromhm cmstmption test Blood obtained by venepuncture is distributed in a cc. pottioos to 
test tubes (100 X 13 mm ) These arc placed in a water bath at 37 C The nmc required to form a so 
clot IS noted and fifteen minutes later o i cc of o 4 M sodium citrate is added to one robe 'nus * 
second tube are put in an International Clinical centnfuge and spun at fall speed for one mmnte 
an additional half minute required to stop the centrifuge the prothrombin tunc is immediately rtcr 
mined in the nonatrated scrum and then in the cicratcd scrum For the latter o 04 M calciam chlon 
used The prothrombin time of the two sera is determined for three consecutive fifteen minute 
Thirty minutes after coagulation o i cc of o 04 M sodium citrate is added to tube 3 which ^ 

4 IS ccntnfpgcd and the prothrombin umc of the scrum determined immediately and for two a 
fifteen minute penods At the end of forty fi\c minutes followmg coagulation tubes 5 and 
out of the wato* bath to one sodium citrate is added and both centrifuged and the prothro 
mined Ac sixty minutes tubes 7 and 8 arc similarly treated ^ 

For ordinary climcal studies it may not be necessary to follow the prothrombin coniomptJOT 
8 ten tubes Three tubes will suffice The first is ccntnlugcd fifteen mmutes after 
after thirty and the third after sixty minutes The prothrombm tunc is determined in ca 
diatcly after centrifugation and every fifteen minutes within the first hour after coagulaaoo 

Results and Discussion 

Prothrombm consumption m the clotting of normal blood In tabic i the pro ^ 
consumption observed in two typically normal healthy subjects is 
will be observed that in subject i, the coosumpuon of prothrombm ^ 

slower and less complete than in subject x Tlius, in the first mdivi 
per cent of the prothrombin was consumed in thirty minutes, 
verted in the second during that period At the end of one hour, t c 
quantity of prothrombm converted in the scrum of subject i was app 
85 per cent, whereas 95 per cent was consumed in the scrum of subject x 
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Such ^ 

fions of the arc interesting, because the concentra- 

*“ottn normal he-ilrE. prothrombin complex arc remarkably con- 

‘n AeavailabiJin of will be important to study these differences 

non m relation ro rU “s determined bj the prothrombin consump- 

nme of Virchcnt rh f'^otloncics While it has been postulated since the 

'^'“cs thrombosis > Porcoagulabilit) of the blood is one of the triads that 
^gulahihti as d ' evidence can be found for its support Hyper- 

‘’^oasionalK drfi coagulation time is not only meaningless, but 

'litomboc) tope erroneous, as will be brought out in the discussion of 

ttia incc the prothrombin consurapuon test offers a new and 

Table j 7*i p l, t 

— ^retbramhtn Consumptttn Durtng snd sjter rbc CiMiulattsn »f Ntmal Bl»0d 

t 

Time jifltf fonnAtiOtt of < lolid dot 



IS 

1 ^ 

1 - 

1 “ 

PrathrombiQ tuse of tmixQ io Mcondi 

6* 

z6 

I7i 

17 

Jijt 

oi 

1x1 

It 


61* 

i8 

X9 


J5t 

i6 

15 



lO* 

3X 



I4t 

14 




10* 

1 



i5t 


4* 

43 

45 

iiJt 

31 

nl 

21 


IJ* 

55 

5X 


lylt 

lO 

11 



17* 

iSi 



xst 

31 




171* 



1 

iSt 


Its 
com 


t ScxIjdqj ^cccrnuDcd immcdiatdy alter ccatnfagaaoTU 

added to anrccractcd doe immcdiatdy before ccntnfugaoon 

''alucj'n^ determine the thromboplastin factors quantitatitclj , 

nionlvr. or other conditions in which intravascular clottmc c^... 

''We of A i m hmothdic blood Evidence has accumulaci^ since ^e 

Mast” Schmidt that tL defect in hemophilia is a lack of throml^ 

^'^litattv'^' Addis* believed that the coagulation defect in hemophilia was 

throinK prothrombin which svas responsible for its s ow _ 

tional]. Eagle** presented evidence showing that the place cts ^ 

■'vhirh^L**'^^ prothrombin, but that its actnation was 

*tudi n, ‘^ould offer no adequarc cxplanaaon Bnnkhous*' was ,r^ f- 
'luantitauvelj the rate of prothrombin con^ers.on m hemophilia ar. 
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concluded that reaction was very slow This he attnbuted to the sluggishness 
with which the formed elements of the blood hberate thromboplastin More 
recently, he‘ has postulated that hemophilic blood lacks a factor which is required 
for the lysis of platelets In contrast to this explanation, QmcL has postulated 
that the agent responsible for platelet lysis is thrombin itself and that the basic 
defect in hemophilia is the lack of throraboplastinogen The platelets have been 
found entirely normal Their seeming stability is due to the lack of thrombin 
formation caused by the deficiency of thromboplastinogen The new concept in 
troduced by Quick is that platelets do not furnish thromboplastin, but the enzyme 
which activates plasma thromboplastinogen 


Table 2 * Th< Pntbnmbtn C^nsmmftton T/rr* in Hemtpbiha 



1 

Coapulation Time 
Let \Vhite 


Time after formation of a lid dot 


Tube 

15 

1 « 

1 « 

1 « 




Prothrombin cooiumptlon tune in jectsidi 

Subject I 

15 min 

I 

11* 

izi 

IX 

11 



2. 


IL 

11 

11 



3 


Hi* 

53 

11 



4 

5 


i3t 

ixi 

11 

»i* 

1 

6 




ixt 

Subject 1 

45 mio 

1 

9* 

9 

9 

9 



1 

11 

Mi 

11 

11 



3 


8i* 

9 

9 



4 

5 

e 


Mt 

11 

11 

9* 

.xt 


Prochroinbia dcccrrmocd immediately after centnfu^anoD. 
t Sodium atratc added to coagulated blood immediately before ccDtnfu^DOD- 


A study of the prothrombin consumption of two hemophilics is given in table i 
The data are typical Similar results have been obtained on zo other hemophilK 
patients ' Oddly, the prothrombin consumption time immediately after the clott 
blood is cenmfuged becomes fixed and often does not change in twenty four hoa« 
or longer Frequently the serum prothrombin time is shorter than that of c 
oxalated plasma and the usual range is mne to twelve seconds This shortening o 
the prothrombin time docs not occur until thrombin has accumulated, for on 
adding sodium atratc prior to centrifuging, to the clotted blood, a no 
prothrombin of eleven to twelve seconds is obtained 
The diagnostic value of the prothrombin consumption test m hemop ■* 
obvious It IS particularly helpful in the diagnosis of the disease in very yo ^ 
children who present difficulties in the collection of blood completely free o 
juice contamination Often the diagnosis is delayed for months and even 
because of failure to obtain a prolonged coagulation This actually 
the case of the second patient The correct diagnosis was not made nnti 
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near]} seven scars old In one hospital his condition had been diagnosed as purpura 
a splencctoms advised 

T^tt p'fthrombti} corsumprtou tt tbiraiibacy afaicftirfura Since it svas foun t at 
removal of platelets from plasma markedh inhibited the conversion o pro- 
thrombin, It could be anticipated that a fault) or dclased prothrom in consomp- 
UOD occurs in thrombocs topcnic purpura This uas scrified ssith cim 
by Soulier’ and by Quick, Shanberge and Stcfanini * ’ The latter stu i one 
w which the prothrombin consumption time improved as the plate ets i 
tnd chmeal recovery occurred and another case in which splenectomy 
rapid recovery as indicated by the platelet count and the prothrom in cons 
rtst In those studies the one hour old serum was employed 



Prothrombin determined immediately after centofugaoon j.^j,[j,fngation 
1 Sodiam atrate added to unretracted clot immediately v 


, 1 by the new technic The 

^ the present investigation several eases were stu i vihen 

results obtained on i of these eases are presented ^jic prothrombin 

rbe platelet count is low, little prothrombin is It tends to increase 

«asumptjon time is not as fixed and constant as in hem p ^^^ouibin which 
*5 the scrum stands There is apparently a slow liberate the activating 

‘s to becxpcCTcd if thehyrpothesis is correct that the p a 

of thromboplastinogcn , nut and the prothrom m 

Smee a dose rclaLnship exists between the p ate k ct 

'^'nsumption, the latter test complements the p . ^t^-cognitionofthrom 

^bsututed for It when the latter is not available Smce thje 1 do 

^ropcnic purpura is relatively simple, the condition m v. i 

<5‘agnosticalJy^ Ir may, however, become hclpW ’n j^,„y,:ed 

Qualitative change in the platelets exist Sue a cx,penmcots 

ut never sausfactonly demonstrated by cona-ctc consumpf ^ 

most important contnbution that the pr° cstablisbr”^' 

to the problem of thromboev topcnic purp 
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demonstrable defect in coagulation occurs despite the normal coagulauon time 
There is good evidence clinicall) that neither the low platelet count nor the de 
fective prothrombin consumption is responsible for the petechiae, the ccch)Tnosis 
or the mucous membrane oozing These arc due to damage or dysfunction of the 
capillaries caused perhaps by a specific agent It is logical to suppose, however, 
that the coagulation defect arising from the thromboc) topcnia superimposed on 
the capillary hypcrpcrmcabilit) accentuates the hemorrhagic state 

The prothrombin consumption in h^poprothrombintmia Since the discovery in 1943'“ 
that prothrombin activity is not confined to one discrete compound, but to several 
factors which have been designated as components of the prothrombin complex, 
the problem has become rather complicated There is a growing agreement that 
one of these factors diminishes fairly readily on storage, and is not adsorbed by 
tricalcium phosphate This agent has been named the labile factor by Quick The 
second factor, component A, is adsorbed by tricalcium phosphate, disappears from 
the blood in vitamin K deficiency, is probably inactivated by sodium atrate, and 
IS diminished in one type of congemtal hypoprothrombincmia ” ' The third 
factor, components, is least clearly' defined * Its existence is postulated to explain 
the type of hypoprothrombincmia that is both congenital and hereditary and in 
which no deficiency in the labile factor nor compioncnt A occurs " ” Most 
characteristic in this type of hypoprothrombinemia is the fixed prothrombin level 
In one family the prothrombin time is consistently sixteen seconds in the mother 
and in a daughter and in one son Recently a second family has been studied in 
which the prothrombin time is fixed at fourteen seconds and has appeared in three 
generations 

In table 4 arc recorded the prothrombin consumption tests observed in the bl 
of a patient treated with dicumarol and in a boy suffering from a congem 
deficiency of component A The prothrombin consumpuon in the latter is stn 
ingly complete Fifteen minutes after the clotted blood was centrifuged the pro- 
thrombin time of the scrum increased to 155 seconds which represents z per cent 
of prothrombin activity In marked contrast, the blood from the patient 
dicumarol therapy which had a prothrombin time of twenty five seconds s ow^ 
a relatively poor conversion of prothrombin during coagulation These r 
cannot be satisfactonly explained until more is known concerning the intera 
of the various components of the prothrombin complex Until such 1 orm 
becomes available the results of a prothrombin consumption test in 
thrombincmia will be difficult to intcrpirct and the test will be of frintt 
climcally . Cjjjmg 

The relation of prothrombin consumption to hemostasis The most remar a 
that has accrued from this investigation is that in the test tube o F 
of prothrombin is converted to thrombin in the coagulation o 


amount 


* Since the manusenpe was submitted it has been shosvn (QincL A J and ^ ^ inactiw 

of component A [prothrombin] in human blood Etidence that it is partly free an ^ inictivc 

or precursor form J Lab A Clin Med si 1Z03 1949) that human plasma contams ^ pfoibrombin 
prothrombin It is probable that component B is concerned svith the conscrsion 
precursor to the active state 
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fibrinogen of the blood Even after the clotted blood has remained in the water 
bath for fifteen minutes or longer, so little prothrombin is utilized that the amount 
cannot be estimated It is only after separation of the scrum from the clot takes 
place that prothrombin begins to decrease rapidly Obviously fibrin, itself, is the 
most important ph} siological anti-thrombin Potcnnall} , i cc of blood can pd 
enough thrombin to coagulate all the blood of the body Heretofore, it 

ficult to explain how this powerful latent clotting capacity of the bloo was c 

in check It is not\ clear that the strong adsorptive property of fibnn not o y 
guards against the accumulation of thrombin, but also prevents the autocata yt 
reaction involving the labilization of platelets by thrombin from being set in 
motion 


Table 4 —Tht Prcttnmiw CcnsumfMn T,m w Di and Onicn.tal 


Subject (Dicumirol) i 


PUsma 

Prothrombin 

Time 


it£ 

Z1 


Tnbe 


Subject (G^ngcmtal) z 


19 


z 

3 


Tune a 

fter formation of a 

. soGtl clot 

15 

1 “ i 

£0 

Prolhrombifl coDsurapUon 

time m >ec. 

M * 

18 

35 

a.t 

2.1 

-0 


13* 

33 


i6t 

.6 



35* 



3St 

' 9 * 


-5 

igt 

>9 

54* 

‘9 

-.8 


I, ,h, irf, ..d.»bcd „o f ;:,f;rot°on’r„t 

ccntration occurs until clot retraction ta cs p npid and unlil e the mo-c 

served in a test tube is purely artificial since the ts alls .,^on 

clastic walls of a vein Clot retraction as seen in a j,; 

strated in s ivo and, furthermore. I tsphs siological signih^n ^^^^^ 

sure. Quick in his monograph” presente a pen ‘ ^[^^5 an^ho' th- 

traction might draw in the tom edges o an injure irnr'cs'^-d sMth 

fibrin clot iegers and Sharp- apparently 

concept to reproduce it as a color plate Jd 

contracts the clot is sscak, and it is difficu t cn-yach 

function in arteriolar bleeding since such a yes"^- certain t’^at r 

mit a yyeak force to narroys the lumen It seems ' 

separation of scrum occurs in intrayascu ar c ottinc 
conscrsion of prothrombin to thrombin ra cs p ace 1 
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It would be idle even in the light of these new observations to speculate how 
hemostasis is achieved, but a few possible suggestions can be offered Platelet 
accumulauon and agglutination at the site of injury is undoubtedly the early 
response as ZucLer'* convinangly has shown As soon as platelets disintegrate 
thrombin is produced and some fibrin must form As platelets are lysed, a vaso- 
constrictor is hberated which contracts all the vessels in the affected area, thus 
sharply localizing the process A clot enmeshing the formed elements of the blood, 
including platelets, will form in the traumatized area Due to the annthrombic 
action of fibnn, little thrombin becomes available to labilize platelets, therefore 
the disintegration of these cells is slow, and the liberation of the vasoconstnetor 
prinaple mimmal but sustained The possibility that the fibrin clot is more tnana 
mechanical plug cannot be ignored It is likely that the fibrin reticulum is the 
means whereby the coagulation reaction is held in check and that by this means 
the conditions for sustained hemostasis are maintained 


Sdmmart 

The prothrombin consumption test, which ongmally was carried out on serum 
one hour after coagulanon, is modified Blood is distributed to several test tubes, 
and after fioced time intervals, the tubes are centrifuged The prothrombin of the 
serum of each tube is determined immediately and every fifteen minutes within the 
hnuts of one hour from the time the blood is taken 

The prothrombin consumption shows considerable variaoons in normal im 
dividuals In hemophilia and in thrombocytopenia it is very incomplete ^ 
hypoprothrombinemia the prothrombin may be very complete as in congjmi 
hypoprothrombinemia of the Component A defiaency type, or surpnsing J 
complete as in dicumarol hypoprothrombinemia The possible significance 
prothrombin consumption in relation to hcmostatasis is discussed 
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THE CHAIN REACTION OF THE BLOOD CLOTTING MECHANISM IN 
RELATION TO THE THEORY OF HEMOSTASIS AND THROMBOSIS 


By ] K MiLsroNE, M D 
The Physiologic Requirement 

I F OCCASION arose to invent a blood clotting mechanism, it might be arranged 
for the blood to remain fluid in the vessels, yet promptly congeal when mixed 
with the )mcc of freshly cut tissue This would probably work well for small 
punctures However, as this mechanism was tested with larger cuts, an unexpected 
difficulty might appear As the blood flowed through the break, a coagulated 
film would be deposited on the cut surface This layer would seal over the wounded 
tissue and hinder the admixture of tissue juice with that portion of blood not yet 
clotted Therefore, hemorrhage would continue through a passagcvtmy lined by 
freshly clotted blood 

To overcome this difficulty a chain reaction might be introduced Then, as one 
layer of blood was clotting, it would mate the ncighbonng layer to clot Thereby 
the coagulation process could be propagated from one layer to the next, and tissue 
juice would be needed only to exert its effect on the imtial layer The mechamsm 
could then achieve a hemostatic plug which would grow by accreaon, and which, 
in this respect, would resemble the natural plug depicted by Tocantins ‘ 

Thus, by tcleologic conjecture, we have arrived at some function a chain reaction 
might serve Other functions can be imagined Ordinary chemical reactions, be they 
stoichiometnc combinations or enzymanc, begin rapidly and thereafter slow 
down But, when a chain reaction is involved, one of the products accelerates the 
reaction, with the result that as more product is formed the reaction goes in- 
creasingly faster * Hence, chain reactions may start with a lag period, but later 
arc apt to proceed explosively This offers opportunity for control dunng the lag 
period, but ensures rapid action when the lag has been passed or overcome 


The BiocmsMiCAL Mechanism 

Whatever its prime function, a chain reaction docs occur during the coagulaaon 
of blood An experiment in which the clotting process was transmitted throug 
a senes of plasma samples was described by Gratia in 15U- * Once the process a 


From the Laboratory of Pathology Yale Umverrity School of Medicine New Haven Coon 
This work was aided by a grant from the James Hudson Broivn Memorial Fund of the Yale niver 
sity School of Medicine , 1 

* The concept of chain reaction was onginally introduced in connection with the phot 
combination of hydrogen and chlorine It has been broadly applied to various senes of 
acnons which repeat themselves over and over again When in addition the reaction vcl^ty 1^ 
as described by Glasstone CGlasstone S Textbook of Physical Chemistry ed 2- New ^ 

Nostrand Co Inc 194G P 1083) then the cham is said to b* nonstauonary It is this type w 

plied throughout the present discussion Here the terms cham reacuon and autoca yti ^ 
arc used m order to include other possible mechanisms besides a simple autocatalytic reaction 
catalytic reactions arc regarded as a speaal group of nonstanonary chain reaaions 
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been initiated in the first tube, each tube of fluid plasma was caused to clot b} 
seeding it %vith a fev, drops of serum from the preceding tube In 1935, Fischer,’ 
apparentlj unaware of Gratia s prcMOus discussion, reported similar senal passage 
experiments with minor differences in technic and results Gratia was impressed 
b} the formal resemblance benvecn the propagation of bacteriophage and the 
propagation of the clotting process with repeated new formation of thrombin 
Fischer wrote of blood coagulation as an endlcsslj transmissible chain reaction 
Although these demonstrations were spectacular, the} were not the first in- 
dications of the autocatalj tic effect Beginning in the nineteenth centur) , two 
complemeatarj approaches ha\c been made to the analysis of coagulation mecha- 
nism (a) Separation of coagulation factors (b) separation of individual reactions 
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done, and the diagram is a tentative, rough summary of data obtained in vanous 


ways 

During the performance of the routine test for clotting umc, and when the blood 
IS normal, the impression is gamed that very little physical change takes place 
unnl the end point is imminent Then, in a comparatively brief interval, the 
viscosity rapidly increases and a solid clot forms This gross impression has been 
confirmed by finer methods, and the piroducaon of fibrin is accordingly represented 
in the diagram At the time the solid dot appears, Jess than half the fibrinogen has 
been converted to polymerized fibnn As this production of fibnn continues, the 
clot becomes firmer Aftcra half-houror more, thcclot retracts Then, on standing 
many hours, the amount of the fibnn dinunishes somewhat, as c:an be determined by 
weighing This last effect is due to the action of one or more fibnnolytic enzymes, 
and represents only a partial development of the fibrinolytic potential of the blood 
Normally, the enzyme is kept for the most part in an inactive state As a result of 
disease orartifiaal manipulation, fibnnolytic aaivity can be developed toasurpns 
ingdcgree * ^Itis a remarkable fact that blood normall) contains enough potenual 
fibnnolytic activity to liquefy its own clot For reasons only partially understDod, 
the fibnnolyac potential is rarely, if ever, developed to the full 

The explanation for the shape of the fibrin curve may be complex in detail, 
but the mam reason for its late start is that, up until that amc, there is not enough 
thrombin to dot the fibrinogen This delay was reported in 1901 by Arthus,* who 
further noted the accelerated production of ihrombm just before the clot appeared 
Soon the amount of thrombin dwindles — the anothrombm effect 

Carrying the discussion one step further, the delay m thrombin formanon is 
due to the fact that suffiaent thrombokinasc activity must first be developed 
Rcasomng from simple experiments on whole blood, Colhngwood and MacMahoo 
conduded m 1911’ that a large part of the dotting time was spent in developing 
thrombokinasc from an inactive precursor which they called prothrombokinase 
Recently, by separating the coagulation process into three stages, earned out in 
three succesivc sets of test tubes, it has been possible to show that thrombokinasc 
activity develops as shown in figure 1 ’ The latent period and the period of ic 
cclcration still suggested a chain reaction, an interpretation corroborattd ^ 
seeding experiments There was farther noted a prompt and rapid loss of , 

kinase activity, another result foreshadowed by the work of Colhngwood an 


MacMahon 

These arc not isolated findings Using different techmeal approaches, the inter 
prctations of several recent investigators’-” arc virtually unammous on the 0 
mg broad condusions (a) The coagulation mcchamsm comprises at 
distinct reactions Qa) A chain reaction is involved m the production 01 a 1 


that can accelerate the activation of prothrombin 
Contemporaty literature, however, shows that these basic findings 
elaborated with greater diversity than might be supposed The diversity s 
partly from the fact that terms like thrombokinasc and thromb^ ^orc 
are used in different ways and that several new terms have been introducca 
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important is the uncertainty concerning which and how many factors pamapatc 
in the direct actit auon of prothrombin Beyond this is the quesnon of which 
iactors, now thought to activate prothrombin, really do something else, such 
as accelerate the development of thrombokinasc How many different chain 
reactions occur? To date no convinang evidence has been presented either for or 
against the occurrence of a simple autocatalytic reaction (e g , x accelerates the 
production of x) Scegers and his assoaates'^ have brought forth impressive, 
although not quite conclusive, evidence in favor of a more complicat^ chain 
Cc g , X accelerates the production of), which in rum accelerates the produenon 
of x) 

It IS possible to summarize the present situation so as to emphasize the similar- 
ities of individual viewpoints rather than their differences 

I Prothrombokinase Complex —>■ Thrombokinasc Complex An autocatalync 

or chain reaction results in the acceleration 
of this conversion 

1 Prothrombin — » Thrombin In the presence of the acuve thrombokinasc com- 
plex 

3 Fihnnogen — > Fihnn In the presence of thrombin 
This IS an oversimplification, attained b) neglecting details, and by grouping in 
the thrombokinasc complex all factors, including calcium, which ma) be found 
to participate directly in the activation of prothrombin 
For the present discussion there arc important differences between this formula- 
tion and the old two-stage theory It mav be emphasized that the nccessar) sub- 
stances for these three stages of blood coagulation arc present in, and obtainable 
from, the blood The prothrombokinase complex is demonstrabl) different from 
the thrombokinasc complex, and the conversion from the inactive form to the 
active form has been followed experimentally * This conversion is of further signifi- 
cance in that It consumes a large part of the umc required for blood to clot in a 
glass tube Moreover, the autocatalytic effect is concerned with the development 
of thrombokinase acavity * As a consequence, a small amount of coagulanng blood 
Can, when mixed with unclottcd blood, accelerate the first of the three reactions, 
and get the clotting process off to a good start in the fresh pornon of blood 
Thus we have rather detailed biochemical evidence of a chain reaction w i 
can take place entirely within the blood, and which can propagate the dottirc 
process 
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The Role of the Thromdocites 

This advance, although not )cr consolidated, is ahead) reaching out to include 
the throraboc) tes On the experimental side it appears that the chain rcaaion 
•will proceed in the absence of whole platelets This docs not prove that matenal 
derived from platelets is not inv'olvcd, or that whole platelets arc not concerned 
when the) arc present In his review on platelets, Tocantins'* states the general 
impression that the) will cause changes in the plasma which in turn 

will lead neighboring platelets to alter, and so on 

The platelet l)sis and fusion observed in coagulating blood arc brought about 
not simpl) b) contact vv ith glass in the presence of calcium, but require particularh 
the presence of a heat-labile factor found in the scrum globulins The scrum fanor 
was demonstrated b) Wright and Minot in 1917 Brinkhous,'* on the basis oi 
different considerations has recognized what mav be the same factor, and has 
suggested the name thromboc) tol)sin How this is related to the other factors 
IS not known but it gives the means whereb) the serum can change the platelets 
In turn the platelet material dircctlv or indircctlv exerts a pronounced accclcra 
tion on the production of thrombin " " 

A reaction senes, shuttling between platelets and plasma, could result in con 
tinuousl) renewed metamorphosis of platelets Thus a white thrombus might be 
formed in flowing and cdd)ing blood where fresh plasma and platelets would be 
supplied conunuousl) to a stationarv nidus of metamorphosed platelets Con 
ceivabl) this might be independent of the chain concerned in the development of 
thrombokinasc, but there is much to suggest that the two chain effects are mti 
matcl) related Exactl) how the) arc related and whether the platelets help or 
hinder the chain reaction is not known 

A further complexit) cannot be ignored The hemostatic plug, as well as the 
white thrombus formed in flowing blood, differ appreaabh from the test tube 
clot or the red thrombus formed in stagnant blood The former have a dispropor 
tionatcly high content of platelets, along wnth some fibrin (sometimes, apparenth 
verv little) Although the fibrin is probabl) a useful constituent, it is not certain 
that It IS absolutely ncccssar) Various suggestions that transformed platelets mav 
be stick) even in the absence of fibrin need to be corroborated In this connection. 
It is curious chat patients with congenital absence of fibrinogen nrc ^ 
incapacitcd b) their abnormalit) chan is usuall) the ease with haemophilia 
Phvlogcnctic comparisons have suggested that alterations of the thrombMyt^ 
represent a primitive component of the hemostatic mechanism, upon which tm 
formation has been superimposed Be that as it ma) , even if tw o adhesive mat 
are used, it does nor necessitate two entire]) different mcchamsms to appl) 

And as yet, the facts do not compel us to postulate a separate chain rcaaion 
platelet metamorphosis 

The Problem or Regulation 

How the chain reaction starts or whether it is alwa) s in progress and 
to be brought to an effective intensit) or critical concentration. 

We arc likewise Ignorant of the precise mode of control It is like! 


is still a myMs. • 

that the control 
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mechanism exerts not mcrel) a static inhibition, but can also dampen the process 
when It IS already under way Otherwise, why would not a hemostatic plug or a 
fresh thrombus continue to grow until it incorporated all the blood in the cardio- 
vascular system^ 

Several phenomena are known which result in the retardation of the clotting 
reactions or disposal of their products Mere dispersion of coagulant products 
by an active circulation may be of great importance In the test tube the rapid loss 
of thrombokinase activity is striking, and here the way is open for its further 
investigation ’ If , as Quick^“ and Ware, Murphy and Seegers'* believe, thrombin 
IS an important link in the chain reaction, then both the antithrombokinase and 
antithrombin effects offer means for breaking the chain The fibnnolytic cnz>Tnc(s) 
may accomplish more than is now appreaated Heparin augments the antithrombin 
effect, and in some ways delays the activation of prothrombin Although it is still 
uncertain whether heparin occurs in sigmficant quantity in normal circulating 
blood. It appears to reach a highly anticoagulant level after anaphy lactic shock and 
total body irradiation There have been suggestions that other anticoagulant 
secretions are discharged steadily or in response to changes in the blood 

Suggestive data on the turnover of platelets, prothrombin and fibrinogen indi- 
cate that these factors arc completely renened e\ery feiv days It has been inferred 
that they arc consumed in the usual blood clotting reactions, slowly proceeding 
in the circulation This implies a degree of dynamic balance to maintain the 
fluidity of circulating blood, for the converted factors must be remosed fast enough 
to prevent gross coagulation As illustrated in figure i the antithrombokinase and 
antithrombin effects could take part in this balance They inactnate coagulant 
products which have already been formed Depending on quantitatiie relations, 
this kind of action could slow up the clotting process hen it nas alreadi under 
way Such action could help to limit the growth of a hemostatic plug to the 

requirements of physiologic necessity The failure, or o' erpowenng o sue action 

might contribute to the excessive propagation of a thrombus 

It IS quite possible that the aitical juncture of the entire si stem is the deielop- 
ment o^hrombokinase activity But deuiled study of this has just begun 
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reaction furnishes the biochemical basis for the propagation of a thrombus * In 
biochemical experiments the chain reaction has long been in evidence In pathology 
the formation and propagation of a thrombus has been the subject of classic stud 
ICS One might speculate what the outcome will be as these data from different 
disaplines arc brought together and extended The chain reaction is so intimately 
a part of the coagulation mechanism that it is likely to occur whenever a thrombus 
forms, unless the individual s blood is unusual Consequently, it would usually 
play some part in the extension of the thrombus The relative importance of its 
contribution in the genesis of various types of thrombi remains to be evaluated 
There may be some conditions where a thrombus would propagate even if there 
were no chain reaction, in some arcumstanccs propagation nught be impossible 
without one Of the latter case, the extension of a mural thrombus far into the 
chamber of the left ventricle might be an example 
Here the growing surface is far from the injur^ myocardium, and the ventricular 
blood could hardly be called stagnant Is the continued deposition of platelets and 
fibnn sustained by diffusion of tissue factor through the thrombus^ Or docs it 
depend on repeated formation of fresh coagulant substances at the free surface, 
through operation of the chain reaction? Anticipation of this question is to 
be found in the statement of Solandt, Nassim and Bcst’‘ It seems reasonable to 
suppose chat, once agglutinating platelets have covered an injured region, the 
nature or degree of the underlying tissue damage will have little or nothing to do 
with subsequent growth of the thrombus The success of their pioneer experi- 
ments in suppressing cardiac mural thrombosis by hcpanmzation emphasized anew 
that the state of the dotting system is very important This may include the chain 
reaction, but docs not yet single it out as the sine qua non of cardiac mural throm- 
bosis 


Summary A Workino Hypothesis 

Detailed evidence has been accumulating that at least one chain reaction occurs 
dunng the coagulation of blood Both the metamorphosis of platelets and the 
development of thrombokinase appear to be involved The autocatalytic effect may 
serve a funcaon in making possible the growth of a hcmostaac plug It also offers 
advantages in the physiologic xorttrol "of the dotting mechamsm It is hkcly that 
the chain reaction occurs in most instances where a thrombus forms, and play* 
some part in its propagation 

The chain reaction is a potentially explosive phenomenon which demands an 
adequate countcrmcchanism With matcnals derived from blood, reactions have 
long since been demonstrated which can reduce thrombokmasc activity, inactivate 
thrombin and liquefy fibrin These rcacaons may help to maintain the fluidity 
the circulatmg blood by removing the products of smoldering dotting reactions 

* This question h« been raised indcpcndcDtl)' m rwo amcles which apfcsrcd since the 
was submitTcd for pnblicauon It was bneflf mentioned by B Alexander A deVnes and R ^ 

Blood 4. 739-746 1949 The idea and a discussion of its unphcacions were presented by J H 
J Insnr Med 4. 5-7 July 1949 For a step toward the same idea sec refacnce 15 page 74 
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HYPOPROimOMBINEMIA STUDIES OF A CASE OF THE IDIOPATHrC 

type and the effect of serum administration 


By Chariot Crocker, Jr . M D , Donald Shotton, M D , Charles G 
Raddock, Jr , M D , and Bvrd S Leavell, M D 


H u 'd'opathic hjpoprothrombincmia was rc 

admtrcd ‘ A cascof th.s tjTchasto 

bcmc^ Lo. ^ « '"t r’"' University of Virginia HospiraTEvc umes 

IS prescncc^and oth^ portion of this report an account of this ease 

poruon ofthe Irl similar reports in the literature are reviesved The second 
sucecsted a new R ">th special studies made on our pauent which have 

tdus typj approac to the therapeutic problem presented by pauents of 


r ART I Case Report 

firsfi Pedume Scn.ce of the Un.t^s.tj of V.r^. Hospal 

of Weedtog uhtch h.d ccetteed .nter^ttcntl/Toce thfage 

hot there ttjs no histoTL f 1,'”'°" bematemcjis and meicni had ocmricd 

h^ntarthroMs On admisa.on hematnr.a tva. present 

wmetvhat slowo th*^°*eXCTaK chtlV'sh’”""" ““ diet but dneloped 

chickenpox and reren,^ i “P“^“ttd no illnesses other than tthoopiog cough and 

me^bTof ch"sZ l A invesu'gaaco of other 

pTious gen^a tiloTe^ 1',!“?' hemorrhagic phenom», m otha member, of 

plasma was normal ' tnother The prothrombin conversion time of the mother s 

Tbac ncre munv nl^'^ ^ admission the patient s temperature pulse and resptratious were normal 
hemon-hares Th ^ '^‘"6 o'er both lotver extremities but there tvere no recent 

or heparosplenomegalp 

7 loo Blood 1 d hn Studies red count 3 7 miJlions hcTDOglobin 11 Gm , white count 

i^eura^n i^r Peuculocyte, r 3 per cent hematocrit 35 

(Duke:) toumi ' ”” “'^"“'^'’fooehour Platelets were 38S 000 bleeding time was 1} minutes 

ranged from Ai'rn” "'j* ‘■*01 retraction was normal The prothrombin time (Quick) 

Admissinn n olotting time (Lee White) ii to 48 minutes on vanous admissions 

high Suhsroi ^ albumin innumerable red cells no casts and speafic gravity was 

the first arltn eMtninations were negative Stool examination revealed ascans lumbncoidcs ova on 

observations Blood urea was xo calcium 5^ The Schick 
TT n Wassermanu and plasma salicylate test, were negative 

Ifltion fhagm I ^ tncl*st9t) Bromsulfalcm hippunc acid excretion ccphalin floccu 

.ndrh.I R Focem. and A/G ratio alUlme phosphatase cholesterol and «ters icterus 

Within normaUirmK ^ <iuancitativc 14 hour urine and urobiJinogcn quanutauve fecal were all 

nrnrs-.vT ^ 94 ^ tncUstvt) EJectrophorctic study of the patient s blood rc\'ealcd a normal 

anrv-ii-3^ CTO ''it no nnogen dcfiacncy Direct exammauon of nailbed capillanes revealed normal 
"^c normal^ traumatic rupture Roentgenograms of the chest sLul! and long bones 

dfr-n.sm *^y^^^cTion zod dcpTCJSion of prothrombin In certain substances snch as 

_ o or sa icy ates ^vcrc considered as possible causes of the prothrombin dcBacncy The JacL of 

ro the Dqjxrrracnc of Internal Medicine University of Virginia Hospital Charlottesville Va 

1138 
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to s>nthctic MtJinin K preparations given b> oral and parenteral routes seemed 

fail'S'' fs- dcficienq A careful historj examinauon and nnmerous tests of liver fnnCTion 

» CO indicate liser disease or the presence of an) agent known to depress prothrombin formation 
cr ore it appeared that this pauent had idiopathic hypoprothrorabinemu The absence of anv change 
melt o- the Subjective or objective clinical manifestations including signs of liter disease over a three 
period of repeated obscrtations has substantiated this interpretation 

In reviewing the literature on idiopathic hjpoprothrombinemia, and the various 
cases reported therein, one is impressed with the definite disease pattern thev seem 
to form The onset is during infancy or childhood without any sexual predilection 
The famil) histor) is frcquentl) bisexuall) positive for hypoprothrombinemia 
of a subclinical degree These patients run a similar chronic course, characterized 
by Cutaneous hemorrhages, epistaxis hcmatemesis, hematuria, hemarthrosis, and 
uterine bleeding severe enough to necessitate hysterectomy ’ The results of the 
hemorrhagic tests in these patients arc nearly uniform Besides the prolonged 
prothrombin times, the clotting time was prolonged in all but the case of Murph) 
and Clark,'’ vv hich presented more the picture of pscudohemophilia with prolonged 
and variable bleeding time and abnormal nailbcd capillaries, but normal platelets 
and coagulation time Though the cases of Rhoads and Fitz-Hugh,‘ and Hagen and 
Watson* showed prolonged bleeding times, these were noted to be onl) slighth 
or infrequently abnormal In general the capillaries, platelets, and other factors 
have shown no abnormalit) The prolonged coagulation time is presumabi) a 
reflection of the prothrombin defect, since no increase in circulating anticoagulants, 
antithrombin or similar substances have been demonstrated 
Successful therapeutic efforts in these cases have been limited to the administra- 
tion of some effective factor, or factors, present in whole blood, plasma, or as in 
the authors case, serum These patients have been uniform!) refractor) to various 
forms of vitamin K administration 

Idiopathic hypoptothrorabineraia is not alvva)S of a degree sufficient to produce 
clinical bleeding and several such subclinical cases have been reported fvlan) of 
these occurred in farmlies who were studied when one member suffered clinical 
bleeding, as reported by Giordano,* Murphy and Clark Hauser * and Hagen and 
Watson * Other cases have been discovered by Plum' and Quick ' ’ and have 
led the latter to speculate on the prevalence of this state The prothrombin esnma 
tions of these patients ranged from three seconds above the controls to as little 
M M per cent of normal,* and in a few the coagulation times were slichtlv p'(> 
longed, but not of the order which those with an hemorrhacic disorder evhib t-J 
The other hemorrhagic tests failed to indicate abnormalities ,n the other lacto-s 
concerned in hemostasis, except for a few isolated observations unasso ,ated v ith 
uny abnormal bleeding 
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TAttLt I --CdiM v\tk Ckrcntc lienfirrkatxe Disfosf anJ Prttkr^hn TtPte 

{AU cases rf rtiofpxj anj all K refract^) 


Authors and year 
of report 

ralient 



Rhoads arvd Fitt 
htndi' iwi 

18 yr male 

9 moi. 

Nef:atlve 

Giordano' I'JIS 

22 yr male 

5 yrs. 

PosjlWe Bl 
Kiuai 

Murphi and Clati* 
1044 

18 yr male 

4 yra. 

PrmU\c Bl 
sexual 

dehlarNal and Bom 
ch(l«' 1044 

14 yr female 

8 yrs. 

Netalive 

dcMarval'* IWS 

23 yr female 

3yts, 

rmiU\e 

nau«r» t<MS 

3 yr male 

3 mos. 

PonliNe 

Owren"" W7 

29 yr female 

31 J-n. 

NeyalWe 

Quict^ 1947 

1 yr male 

Soon after 

birth 

rosiu^c 

Quiet' 1947 

51 >*T male 

1 wk 

rotillvc Bro 
of 8 

tlaicen and atson* 
1948 

31 >x female 

2yra. 

ToaoUve Bl 
sextud 

Authors 

Syr female 

3wka. 

Ncf^ilJve 


1I«uto)o{nc 

ttadtn 


CT f-360 RTI-25 
CR \*riAHc rC 
normil TT ncpa 
tlvc and poothc 
qualitallre V dc' 
!«l? 

RT 4 TT iwsilive 
CT CR rc F 
romal 

BT 1H5 CT CR 
rc, TT twrtnal 
QnsJ»UUN‘t F de- 
fect? nail bed 
captlUney ab- 
normal 

CT BT CR 
rc F normal TT 
oei:aU\e and 
•lixhllv iWiUNX 
CT 10-12 (abnormal 
actord»njt to au 
lh«) BT CR 
rc TT normal 
CT(BQrier) JTMl 
nwallf rm- 
lonxtd BT CR 
rC,TT F normal 
CT W (alK> rtt>* 
lonpcd by iw 
other methods) 
BT 41-5 rc, F 
normal ”rara 
hemoT^h^la 
CT 12 BT CR TC. 
F normal Tmh 
d oh>*pOT»rolh rom 
Wnemia 

CT 12-13 BT CR 
rc F normal 

CT e.V*;> of tests pro- 
lotxfed BT 43% 
of tests prolonped 
mndly CR 40^ 
abnormal TTusa 
alii ne?:ai\vt BC^ 
F nail bed caynl 
Utfes normal 
CT n-4X BT CR, 
TT rc. F nail 
bed capillanet 
normal 


rrolhrtrtWo tane 
and response to 
theripT 


QalA 0-123' con 
irol 2>'24 Wood 
had bemotsUlic ef 
feci 


(JnlA 210* Control 
25 Wood and 
plasma cffectiTe 
(jmek, 60-103' con- 
trol 16 blood ap- 
parently had betno- 
static effect 


(Jnlch, 25-’^r «< 
normal 


Qaid^ IChTS^i ot 
normal 


Index, :i-W^ 


Qntck, 7<h9if 
trol l'-’*3 bleed 
and factor ^ 
(Isolated ft*'* 
plasma) effective 

Quiet lO*, cwiltol 
11-12.S* Wood ef 
fee live 

Qojd; !'»' 
tl-lU 

effKliTe 

Quiet, 47-«l W 
IKlU It-lW 

pljisma effective 


Quiet, y-W' «« 
tiols 12-t' Wool 
andsenim cffectBv 


count TT toumlrpiet test F fibnno(tcn (Juict refers to the one-ataix prothrombin method- 


penod of treatment wnth vitamin K and blood Autops) showed a granulomatou. 
process, possiblj Hodgkin s sarcoma, and probabl) hematogenous tuberculosis in 
the lungs, liver and nodes 
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In tabic 1 «c Iiaic crt)upcJ tJic cases thus far reported in which there is a chronic 
ctncrrha^ii. disorder associated with a defect in the prothrombin mechanism of 
undetermined etiolnci T/ius it can be seen that these cases present a ver^ similar 
clinical picture and esscntialls the same laboratorj abnormalities if the Quick'"’ 
method of prothrombin determination is used The various studies indicate that 
hspoprothrombincmia mas not he a single simple defect and that perhaps more 
than one factor maj be insohcd in deficient prothrombin conversion Ovvren*’*'’ 
concluded that his patient was lacking in what he termed factor V, and chose to 
designate the rcsultinq hemorrhagic state parahemophilia Quick’ studied two 
brothers with abnormal bleeding and concluded that there was no deficiency of 
prothrombin component B or the labile factor, but instead, a deficiency of a new 
coagulation constituent He felt that pseudo-h) poprothrombinemia was a more 
fitting designation for this condition Of course, the implication is that some of 
these reports are dealing with similar pathologic processes to which difi'erent 
terras or interpretations base been applied 


Table l. — Prothromhin Dttrmtnattans cn Mixiuni cf Diffenni Tr/vi ef PlsimM m Velumts (,194s') 
PltimJ pro brfffnhin Ttmts tn Sfconds 


Tj-pes of pliwna iddetd tod prothrombin timei 

1 

1 Patient 

I 

ControJ 

I Dicotunann 
ized 

1 Stored 

None 

j 66 0 

14 0 

87 0 

1 600 

Control (n 0) 

18 0 j 

I 

14 0 

' 15 0 

Dicoura»nniied (870)* 

1 45 0 1 

14 0 


1 xo 0 

Stored (Orer 600) 

^5 1 

17 

lo 0 



• Protfaromfam ame of dog s plasm* before dicoomanmiaaon agbt (8) seconds 


Part II Speoai- Studies 

At the time of the first admission of our patient in 1945 certain preliminarj 
observations were carried out in an attempt to determine the nature of the pro- 
thrombin defect Because of the concept of Quick' and others'' at that time that the 
prothrombin complex was composed of two factors, prothrombin A, ■which was 
labile and disappeared from stored plasma, and prothrombin B, which was 
depressed by dicoumarol, various mixtures of the patient s plasiM with normal 
and old human and dicoumarimzcd dog plasma Chuman not ^ailablc) were set up 
to determine which component was reduced in this patient e res ts are s own 
in table z It will be noted that when stored plasma and dicoumannized pla^ma, 
each with a long prothrombin time, were mixed in equal parK there was a milked 
reduction in the prothrombin time to a level far below that of ei ther 
This could be interpreted as indicative of a different type of prothrombin defiaenc) 
in each type of pl«ma and that mixing the two restored the deficient parts of 
the prothr^bin complex more nearly to norma It was also apparent that the 
addition of either pro^^hrombin deficient stored plasma or dicoumannized p asma 
to the patient s plaLa lowered the prothrombin nme below that of ej^ther plasma 
alone ^s might indicate that the patient was deficient in both of these factOT 
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An infusion of old plasma brought no appreciable change in the patient s pro- 
thrombin time These data could be interpreted to mean that the patient s plasma 
was deficient in both prothrombin A and B 

At the time of the admission in 1948 the patient s coagulation defect was felt 
to be the same as that found on the previous admissions Possible dcfiacncy of 
vitamin K was again excluded by the intravenous administration of 75 mg of 
synthetic vitamin K The prothrombin time was not affected bj this substance, 
being 63 seconds before in)ection and 65 seconds 6-ix hours after injection 
The patient s prothrombin time was consistently elevated, ranging from 50 to 
80 seconds These values varied from day to da) , despite fair uniformity of acnvity 
of the thromboplastin as tested against normal controls No apparent reason for 
the wide variations could be found 

In the light of certain recent advances in the knowledge of factors concerned in 
coagulation, especially in regard to prothrombin conversion, it was felt that some 
preliminar) investigations were indicated to determine the nature of the defect 
exhibited b) this patient The procedures previously earned out (table z) involving 


Table 3 — Pnthvmhw Drferyntn^fions an Mtvtkns oj Diffmnt Typts af Plasmas tn Eqaal Valaats 

Proth^mhtn ttmt in SKonJs 


TypeA of plaima added 

Patient 

Control 

Dicoumann 

ued 

Stored 

None 

55 0 

14 2. 

“• 5 ; 

35 0 

Control (14 L ) 

17 5 


'7 3 

'7 5 

Dicoumannized (1L.5) 

XI 0 

'7 3 


S 

Stored (35 0) 


'7 5 

x' 5 


Mixture of Diconm & Stored (11 5) 

1 >9 0 

17 0 




mixing of various types of human plasma with the patient s plasma in equal vol- 
umes were repeated The results are shown in table 3 

It was found, as previously, that normal plasma mixed with the patient s plasma 
in equal amounts substantially lowered the prothrombin time of the patient s 
plasma, but not to normal levels Normal plasma mixed with either old plasma 
or dicoumarimzcd plasma gave about the same result. Both old plasma and 1 
coumarimzcd plasma, each with a prolonged prothrombin time, substantia y 
lowered the patient s prothrombin time, but not as markedly as did normal plasma 
Furthermore, it will be noted that a mixture of all three of these abnormal plasmas 
yielded a lower prothrombin time than any two 

These data could be interpreted as previously to indicate that the lower pro- 
thrombin times resulting from mixtures of the vanous prothrombin dc acn^ 
plasmas was due to an elevation of the prothrombin concentration of the r 
mixture as a result of different portions of the prothrombin complex being supp 1 
by the vanous individual plasmas However, this interpretation, 
cording to the concepts of Quick, is open to some objecuons Against ^ 
that the addition of purified prothrombin* to the patient s plasma failc to 

* Supplied through the courtesy of Dr Walter H Seegen Wayne University College of ^Ird 
Detroit Mich 
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c prothromhin time to nmnal nnn3;in(; the concentration of added prothrombin 

prothrombin time from 67 to 37 seconds The 
a itions of increasing amounts failed further tj reduce the time of prothrombin 
conrcrsion T 7 iis result would indicate a dcficienc) of some other factor necessary 
or the rapid consc-sion of p-othrombin to thrombin as well as a deficiency of pro- 
t rombin per sc Mixing the vanous types of prothrombin-deficient plasmas may 
a'c altered the concentration of this factor and hence caused more rapid con- 
■'ersion of prothrombin, c\en though the latter was still in low concentration 
The existence of a factor in normal blood which is necessary for the rapid con- 
version of prothrombin seems to be beyond dispute The disagreement as to the 
nature of die factor and its mechanism of action will not be discussed here We 
hare chosen to use the term accelerator or actisator globulin (Ac-globulin) after 
Ware, Guest, and Scegers,’’ but arc cognizant of the unsettled similanty of the 
substance so named to the labile factor of Quick,® factor V and factor VI of 
Oivrcn,”* I’and the prothrombokinascof Milstonc ” 

Because of the importance of this Ac-globulin in the rate of prothrombin con- 
version It IS apparent that the Quick one-stage prothrombin technic is not an 
accurate measure of prothrombin concentration in the plasma, since the variable 
factor of accelerator globulin activity is not controlled The two stage determina- 
tion'® of prothrombin concentration would appear to be less affected bp variations 
tn accelerator globulin since the rate of conversion of prothrombin is not measured, 
but rather the actual amount of thrombin produced during a definite incubation 
period However, this test may be criticized as a measure of prothrombin concentra- 
rion since the activity of Ac-globuJin apparently also influences the amount of 
thrombin produced Seegers, et al have recently modified the two stage method 
to measure the concentration of prothrombin by adding known amounts of Ac- 
globulin to a reaction mixture containing specified amounts of thromboplastin, 
calcium ions and the plasma to be tested, and incubating for varying periods of 
time before adding fibrinogen Although the Quick one stage method' docs not 
measure actual prothrombin concentration, it does serve as an accurate measure 
of the speed of prothrombin conversion to thrombin, a reaction in which all of 
these factors take part It will be noted that in the protocols presented, prothrom- 
bin IS expressed in terms of prothrombin time rather than per cent concentration of 
normal This tenmnology was used because it is evident that a measure of pro- 
thrombin tunc cannot be accurately interpolated to prothrombin concentration by 
the usual graphic method unless the acavity of Ac-globulin is controUc 

Ware and Seegers have demonstrated* that accelerator globulin is in a highh 
acuve state as it exists in scrum after clotting They believe that it is in a less 
active state in the plasma where it exists as a proenzyme Accorfing to these 
authors It is acuvated by the formation of smaU amounts of thrombin in the first 
stage of dotting, amounts too small to cause dotting of fibnnogen The acm ation 
of plasma Ac-globuhn is then followed by increased thrombin foimation and the 
reactions proceed by co-autocatalysis After the concentrauon of thrombin has 
been built up to the point where clotting occurs, the reaction is spent The throm- 
bin formed is destroyed, as is thromboplasun, but Ac-globulin was found to 
survive in the scrum in a highly acuve state 
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It was therefore felt that some estimation of the activit} of accelerator globohn 
might be ascertained by study ing the influence of small amounts of the vanous 
sera on the speed of prothrombin conversion of the vanous plasmas It was con- 
sidered that the small amounts of other factors pertaining to dotung in thrombm- 
frec serum, such as antihemophilic globulin, platelet breakdown products, and 
prothrombin would not interfere with the use of scrum as a rich source of this 
material Platelet breakdown products and antihemophilic globulin appear to 
parucipate in the initiation of coagulation and furnish acovc thromboplasne 
effect They have no influence on the rate of prothrombin conversion when an 
excess of artificial tissue thromboplastin is used, as show n by Ferguson and Lewis 
The prothrombin content of fresh serum immediately after dotting is normally less 
than 10 per cent of that of normal plasma Barium carbonate adsorpuon of the 
residual prothrombin was carried out in some instances but difficulty was en 
countered in avoiding an excess of the matcnal which inhibits the activity of 
prothrombin in the plasma to w'hich the barium carbonate-treated scrum was 
added It was not felt that the small amount of prothrombin in the scrum would be 
suffiaent to bnng about the striking changes noted 


Table 4 — The Everts of Varttus Sera on the Prothromhtn Ttnus of Vartoas Types of FJastna (Ose Fart 
Serum tn Tint Parts Plasma^ Plasma Prfithofnhn Tirms tn Snntds 


Typti oi ttra added j 

1 PaUent 

Diccmmajioixtd 1 

1 

Stortd 

None 

60 5 

14 8 

13 5 

Normal serum 

'5 7 

14 5 

17 0 

P&uent s serum 

48 5 

19 5 

16 5 

Dicoumanmzed serum 

18 5 

Ijf 0 

13 3 

Srored scrum 

XI 0 1 

18 5 

XI 0 


It will be seen from table 4 that one part of normal scrum in three parts of the 
patient s plasma brought about a marked reduction in the prothrombin nme from 
a value of 60 5 to 15 7 seconds (normal control 15 o seconds) Normal serum also 
brought about a striking reduction in the prothrombin time of dicoumanmzed and 
old plasma, parucularly the former On the other hand, the patient s scrum did 
not bring about nearly so marked a reduction in the prothrombin time of cither 
the patient s or dicoumanmzed plasma, but did reduce that of old plasma, the 
reason for which is not apparent Neither scrum from dicoumanmzed nor sto 
blood possessed as much accelerating effect as did normal scrum There seem 
little doubt that normal scrum possessed a factor which was capable of accelerating 
prothrombin conversion in the patient s plasma It is apparent that any altcranon 
in prothrombin concentration by the addition of scrum could not account for this re- 
markable reduction in prothrombin time (table 3) This acccleratory effect of norm 
scrum on prothrombin conversion is also demonstrated by the use of punfie pro- 
thrombin A clotting mixture consisting of purified prothrombin o 1 cc , human 
fibrinogen o x cc , and thromboplastin o 03 cc was used Uponrccalaficationwi 
o I cc calcium chloride (o oz-4 M) at 37 C it was observed that purified prothrom m 
was converted to yield sufficient thrombin to doc human fibnnogen m an average 
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time of iSfi "icconiK nii". i>; in aecorj with previous findings that thrombin is pro- 
duced slowlv , in tlie absen-'e of Ac-globuiin b) the interaction of thromboplastin, 
Calcium and purified prothrombin - However, if o 05 cc normal serum (thrombm- 
free) was added to the mixture at tlie time of recalcificationvvith o 05 cc calcium 
chloride, clotting occurred in ^5 seconds Also it was noted that fresh normal 
scrum possessed a more marked accelerator) effect than did normal scrum which 
wasz_^ to^S hours old, the latter bringing about clotting in 74 seconds In contrast, 
using the same technic, fresh scrum from the patient produced clotting in 50 
seconds and i_} hour old scrum in no seconds 
The data in table 5 show the relative potency of fresh normal serum in accelerat- 
ing the conversion of prothrombin in the patient s plasma These findings would 
be in accord with the concept of the cnz)mic or catalytic action of this substance 
A modification of the two stage method of prothrombin determination was 
performed in order to evaluate further the concentrauon of prothrombin in this 
patient s blood The results of this test seemed to indicate an actual deficiency of 
prothrombin, as well as dcla) in its convertibility to thrombin, as previously 

demonstrated A i 11 dilution of control defibrinated plasma yicldcda prothrombin 

time of 13 seconds whereas the same dilution of the patient s defibrinated plasma 
yielded a prothrombin time of 68 5 seconds However, since adequate control of 


Table 5 —Tit Egm «i ih Pnthnmbm Tim «/ iht PMstnt s Plasmt tf Smm AJM t) Inortsmi Amiums 

»/ Plasma 


Proporuons of serum to plasma 
Prothrombin time in seconds 


III I J 

1 6 

I 11 1 

I 10 1 1 40 j * 

16 ( 16 5 

18 

ir 

15 5 1 }i 5 1 3 ? 


57 


accelerator globulin activity was not possible, intcrpretaaon of the ^es^ 

difficult Dr Walter Secgers kindly performed determinations of both prothrombi 

and Ac-globulin of a sample of the panent s plasma He report , 

concentration of 41 per cent by the original two stage technic an 

the modified technic in which the amount of accelerator glob m was ™ 

He concluded that the Ac-globulin concentration w« m prothrombin 

to 60 per cent of normal It is interesting to note that nc 
concentration nor that of Ac-globulin, as determined by Dt g > 
as might have been antiapated Perhaps the retardation of 

factors simultaneously was sufficient to bnng about the £^^r)r alone would 
prothrombin conversion noted, whereas a deficiency of cit conversion 

have to be more extreme before a comparable delay somewhat 

time would be noted Although Dr Seegers prothrom '"^^^rlusions, that a 
higher than our tests would seem to indicate, his gecer results we ob- 

dcficiency of both factors was present, arc in agreement wi 

the patient s plasma b) 

The marked acceleration of prothrombin conversion in normal 

the addmon of normal scrum in vitro prompted the a of the ar- 

scnim to the patient in the hope of lowering the bled The 

culating blood Accordingly a normal donor of the same 
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blood was allowed to dot and the serum removed under sterile precauuons 
Fifteen cc of this serum was injected intravenously 2. hours after collection, at 
which time it was free of thrombic activity There was a slow dedine in the 
patient s prothrombin time from a level of 67 seconds to 37 seconds in i6i hours 
At this time 45 cc more of the scrum Cwhich was by this time 18 hours old) was 
given and the prothrombin time fell from 34 seconds to X5 seconds in one hour 
Three hours after the second injection the patient s prothrombin time was n 
seconds This was the lowest prothrombin time yet recorded for this paaent 
Twenty-four hours later the patient s prothrombin time was 31 seconds It is of 
interest that as little as 15 cc of scrum given intravenousl) had a significant 
effect These results arc shown graphicall) in figure i 



HOURS 

Fig I — ^Thc cfTccts of incravcnouj adramiscration of fresh scrum on the prothrombin umc of psticnt 
H H 

It IS interesting to note that the paaent s coagulaaon amc, which was 15 
utes on admission, was now ix minutes, suggesung an improved stare of coagnJ^ 
bility of the paaent s blood It is also of some interest that the paaent s 
became more active in accclcraang prothrombin conversion when added to er 
own plasma after the above treatment Thus, one part of the paaent s 
obtained after treatment, with three parts of the paaent s plasma collected o 
the intravenous admimstraaon of scrum, lowered the prothrombin amc 
seconds to 17 seconds, whereas previously the paaent s scrum had rcduc 
prothrombin umc from 60 5 seconds to 48 5 seconds 
The paaent was seen March 15, 1949 on a return visit after the jircccd^ ® 

had been completed She was admiacd to the hospital because of bleeding 

gums for three weeks Examination revealed six canous deciduous tec 



'^o-Mrr. s ,orroN. cR.nDOc> , ant, i.cam:ll ^3^7 

occurred ^^nhml7uc\inm'p^ irntatcd and bleeding 

feh °'«‘''”S ‘J' P*'""‘ '■‘“I' '•fcol' blooJ md 

"<II he noted that th^nm h 1’ I admtmstrauon tt 

"'thin an hour s ttmr T I clotting times ncrc markedl> reduced 

"hen the mo tscre " “'‘^cr, that the most marked reduction was obtained 

are interp-eted as hrTJ'' together, near the end of her sta> These results 
r eted as further cs idence in support of the hy pothesis that she is defiaent 
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HOURS AFTCB IHITUL TRAMSFUSION 

The effects of ffesh blood juid scrum on the prothrombin and clotnng times of patient H H 


in two factors, prothrombin and accelerator globulin, which were presumably 
supplied by the blood and scrum respectively 

extraction of the six carious teeth was done under a general anesthetic and 
iccding was minimal both in amount and duration Her course remained un- 
eventful and It was felt that she had been earned through a potennally dangerous 
procedure by the use of the blood and scrum 

Discussion 

These studies support the concept that scrum contains an active substance i\ hich 
IS capable of accelerating prothrombin conscrsion to thrombin It is 111 eh that 
'deficiency of this substance may play a role in many tvpcs of hemorrhagic states 
^ suggested by Alexander and co-workers ^ It is probable that alterations in 
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Ac-globulin arc of parncular importance in various types of prothrombin dcfiaency 
Further investigation is needed to delineate dearly the different types of hypopro- 
thrombincmia and to evaluate the use of scrum in treating certain eases of this 
type 

Our observations also suggest, as do those of Owen and Bollman'^ in dogs, that 
depression of Ac-globulin activity is a major factor in the hypoprothrombinemia 
produced by dicoumarol It is obvious that if such be the ease, scrum or some 
fraction of the scrum such as Ac-globulin may be of potential value in quickly 
reduang the prothrombin time to safe levels in cases of dicoumarol intoxicaaon 
We have earned out preliminary observations on the effect of intravenous normal 
scrum from compatible blood on the prothrombin time of three patients receiving 
dicoumarol The pattern of response in all has been the same In the most recent 
patient the prothrombin time before giving 175 cc of scrum was 49 seconds An 
hour after administration of the scrum it was 30 seconds, nsing to 38 seconds at the 
sixth hour, with controls of 15 Twenty-four hours later it had risen to 40 against 
a control of ii seconds 

From the evidence that both prothrombin and Ac-globulin arc depressed in 
hypoprothrombinemia following dicoumarol and with liver disease’”* control 
of the coagulation defect will depend upon the correction of both dcfiacnacs 
An apparently effective and simple means of so doing is to give whole blood, 
thus supplying prothrombin and fresh, thrombin-frcc scrum nch in Ac-globubn 
m a highly active form 


Summary and Conclusions 

I The reported cases of idiopathic hypoprothrombinemia arc reviewed briefly, 
and a case observed for over three years is presented Particular attenoon is called 
to the similar climcal pattern presented by the chrome cases 

Studies arc presented indicating that in this patient the delay in prothrombin 
time was due, at least in part, to a deficiency of a factor necessary for rapid con- 
version of prothrombin This factor, or factors, which we have called Ac-globuhn, 
IS contained in a highly active state in fresh normal serum 

3 After the in vitro demonstration of a deficiency of Ac-globulin in the patient s 
blood, it was possible to bring about a marked rcducaon in the patient s prothrom- 
bin time by the intravenous admimstration of relatively small amounts C15 

45 cc ) of fresh normal (thrombi n-frcc) scrum A further reduction of the pr^ 
thrombin umc to near normal values was brought about by combined who c 
blood and scrum admimstration The evidence suggests that partial correction 0 
both prothrombin and Ac-globulin deficiency respectively resulted from su 
therapy 

4 The possible effects of scrum and whole blood upon the delayed prothrom m 
conversion rate of dicoumarolizauon and liver disease arc discussed 
liminary observations in the former type suggest that such therapy may be 
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THE EFFECT OF ARTIHCIAL SURFACES ON BLOOD COAGULABIUTY, 
WITH SPECIAL REFERENCE TO POLYETHYLENE 

By Thomas J Donovan, M D , and Bernard Zimmermann, M D 
hrrnovvcno!^ 

AS A PRELIMINARY evaluation of the efficacy of polyethylene tubes in repara 
jLX. tive vascular surgery, comparative studies were carried out on the coagula- 
bility of blood in tubes of polyethylene and other nonvascular matenals Poly- 
ethylene IS a plastic made by polymerizing ethylene under heat and pressure to 
hydrocarbon chains somewhat longer than those of paraffin This may be repre- 
sented as follows 


CH.=CH. 


heat 


^ CCH;) n 


pressure 

This plastic should be well tolerated in body tissues, since synthetic plastics of 
the simplest monomeric structures are known to cause the least reaction This was 
established bv Ingraham ct al , who found that small pieces of polyethylene im- 
planted in the cerebral cortex of dogs, cats, rabbits and monkeys caused onlvslight 
glial thickening with no significant foreign body reacuon, up to three months 
postoperatively They stressed, however, the importance of using pi^rt poly- 
ethylene, because any traces of the antioxidants used commercially to increase its 
insulating properties have given progressive fibrosis and marked foreign body 
reaction 

The effect of a pure polyethylene surface on blood clotting was invesngated in 
two ways First, a scries of clotting times was performed in tubes of piolycthylenc, 
glass, paraffin and collodion Secondly, the capillary acuon in polyethylene an 
glass tubes was studied in an attempt to explain the increased coagulation time in 
polyethylene tubes 


Materials and Methods 

Effect of polyethylene on tissue Inasmuch as the punty of the polyethylene is an 
important factor in the coagulauon studies small pieces of polyethylene and ucitc 
were inserted subcutaneously in the backs of 30 rats and the surrounding 
removed en bloc for histologic study at various intervals Polyethylene was ^ 
to cause the same degree of fibrosis as lucite, a plastic which has been shown to 
tolerated relatively well in animal and human tissues The thin fibrous s ea 
surrounding the plastic was seen to increase slightly during the first threemo 

Figure 1 shows the reaction to polyethylene and Incite at three months T c 


From the Naval Medical Research Insatute Bethesda 14 Maryland 
The opinions or assertions contained herein arc the pnvate ones of the anthors an arc 
constmed as official or reflectmg the views of the Navy Department or the Naval service 

* The polyethylene used in these studies svas anpplicd by D C Balfour Associaces S 
New Jersey in November 1547 
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capsule surrounJinc tlic •-pai.c from whicli the plastic was removed at fixation 
showed no foreign Ixvdv qnnt cclK or leukocv tes under higher magnification 
Mfjscnr-trt of c.JC,uU ,n trr-t Glass tubes of 5 mm id were bent in the form 
of a semicircle of 6 cm radius as ncarl) identical geometrically with a po ye y 
ene rube as It was possible to make them Some of the glass tubes vvere ne wi 

a thin laver of paraffin bv filling them with hot liquid paraffin for ^ moment, 

emptj mg the tubes and plaeing them in a cold wJter bath ora cvvsccon s 

glass tubes were lined w ith a collodion film which was allowed 

hours Four tubes, one each of glass, paraffin, collodion and pol>cthylcnc 





-OS 






^ rAV AOT Lcctte (B) Tbwie Movths 

Fio 1 —The Tissoi Riactiov to into Rats 

.tt« Soecotaneoos In^ ^ TT,, 

The fibrous capsule surrounds the si»« rf., capsule was about a mm whJe the 

Width of each piece of plastic represent tty 
length approximated i cm 

inserted in a rack Venepunctures of blood 

needle attached to a 10 cc syringe in exclusion of air, the needle was rc- 

wcrc allowed to flow into the n-ansferred carcfull) into each of 

moved, and a little over a cc of when the first definite fibnn 

the four tubes The time was note moving the rack The temperature 

precipitate became perceptible m eac am-conditioned room In 

was kept relatively constant at “ ^ ,,conds until the 

the first groups of clotting times, ,hc blood wzs discarded snd .hr f- 

• When xny difficult} with the venepuncture 

cedure repeated 
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last tube dotted In this way each tube was moved umforml) and each group of 
four observations was comparable to the other fourteen in extent of motion of the 
blood in the tube In the last fifteen groups of dotting times the rad. was moved 
at three minutes and at decreasing intervals thereafter as the end points were 
approached Thus, the motion of the blood was reduced and the clotting times for 
each surface were somewhat lengthened The first fibrin precipitation was used as 
an end point because it marks the beginning of the second phase of coagulation, 
1 e , fibnnogen conversion to fibnn It has been rc-emphasized by Nygaard that 
either this end point or complete dotting is suitable since the first phase of coagula- 
tion, 1 e , prothrombin conversion to thrombin, is proportional in duration to the 
second phase In tubes of various materials complete dotung may be less dearly 
defined, as an end point, than the initial appearance of fibrin 

Measurement of surface action The amount of adhesive force exerted bj the surfaces 
of glass and polyethjlene on water was measured b> suspendmg various sized 
capillary tubes* of glass and polyethylene in dean graduates half filled with dis- 
tilled water in an air-conditioned room maintained at 13 C ±1 degrees The dif- 
ferences between the water level in the capillar) tube and the graduate were 
measured by a cathetometer These measurements were repeated at Icngthemng 
' intervals imtil the difference in water levels became constant In glass tubes such 
constancy was obtained in minutes, while with polyethylene tubes in the iniaally 
dry state the final level was reached in one to two weeks Since the delay in ob- 
taining a constant level is undesirable, some of the polyethylene tubes were soaked 
m distilled water for periods up to two and one-half months pnor to the deter- 
mination of their capillary action This served to increase markedly the imaal 
and final wettability of the polyethylene tubes, and hence the height of the fluid 
levels, but did not hasten the attainment of a final constant level 

The capillary action of polyethylene and glass tubes was also measured using 
camne plasma in place of distilled water Harkins and Brown and other workers 
have found that organic, viscous liquids of alkaline reaction give cxcepnonally low 
surface tension values and are unsuitable for capillary acuon studies ’ The values 
obtained for polyethylene and glass tubes in plasma were markedh low, as would 
be predicted, but were roughly proportional to those determined for polyethylene 
and glass using distilled water 

The radius of each tube was determined by filling a carefully measured length o 
the tube with pure mercury, which was then weighed From the radius and the 
distance water is repelled or attracted, a negative or positive value, respectively, 
for the adhesive force between the surface and water was obtained b) the equation 


T (attractive force in Gm /cm ) 


height X density X radius 
z 


CO 


Results 

Effect of surface on blood coaffilatton The mean values of the 30 clotung times for 
each surface studied are shown in table i, in which they arc compared wit 

* Tubes were chosen hiving a cylindrical bote of abont o 05 cm radms which did not saiy s fp 
cantlj* m any part of the tube 
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h« Keen sJim^ the diameter of ours Canine blood 

blood "Th d r rtcatcr prothrombin contcrsion rate than human 

plastic f clotting times in glass and paraffin, ^lass and 

*'5nificant in both paraffin and the plastic tested are statistically 

clotting time in a poI> ethylene tube is about twice as 
* fodion ^ almost as long as in tubes lined with paraffin or col- 

of nol of this series with that of Hirschbocefc shows chat the effect 

aam ^nd Incite surfaces in delating coagulation arc very nearly the 

^ ^ ^*"cnotgrcatI) inferior to those of paraffin and collodion, which simulate 

ar endothelium in this respect as well as any known surface 
I , ‘'•^O'action was observed repeatedly following the coagulation studies, and 
o“ffh there was some variation, the collodion surface was exceptional for the 
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III/ I * 





1314 


EFFECT OF ARTlFiaAE SURFACES ON BLOOD COAGULABILITl 


and flatten out in about a vvcck Calculations based on the final levels observed for 
the two sizes of pol>eth} Icne tubes g:ivc a value of 034 Gtn /cm for the attractive 
force of polyethylene on water at Z5 C , slightly under half the above-mentioned 
value established for glass 

Table z shows the values for surface force in polyethylene and glass tubes as 
compared with the Hirschbocck values for glass, Incite, paraffin, and collodion' ’ 
and the standard value for gloss ' The mazimura attraction of polyethylene for 



Table Valsas (Cm /cm ) ftr tht AJbisitx Fmc itttntn Water ami the SxrjiKis «/ Peljetij^' 

Glass (These flares artcempared utsh Hrrschhaeeks taiaes for ihass^laettt para^a anil 

eel/eJeett’ ’ and the estailssbed tvilete far glass’) 


Series j 

Polyethylene j 

Lucite 1 

GIus 1 

Panxf&fi 

j Collodion 

Authors 

HirschboceV 

Harlans and Bro'vn j 

+0 034 

+0 038 

1 “ 

4-0 073 
+0 053 
4-0 0736 

-0 037 

4-0 034 


water as determined above is about half that of glass and slightly less than that 
reported for Incite Initially it repels water nearly as much as paraffin * 

Lampert has stated that the effect of a surface on the coagulation tune of b 0 
IS inversely proportional to its wettability ’’ Comparison of the data m tab ^ ^ 


* The Application of the capillary height method to lurfacc tcntioa mcasurcnienti may 
sidcrcd CO be of tomewhat doubtful value in aystems of liquids which do not wet glass 
these eipcriracnis of « atcr against nnwertaWe pol) ethylene The angle of contact may sa T 
mined to be zero for water against gJass bnt the same is not true for the plastic ^icins under 
cion Although no correction has been made for this factor and the values arc accordiugh not 
as being absolutely correct they serve the purpose of this ivorL adequately 


TiiriM\<; ; dosox^^n avd dhrsard zi imermann 


'Mth tho'ie in taWc i thit pohctin Icnc follows Lamport s rule, as do lucicc, 

paradin, and with collolion as an exception 

Discussion 

The process that determines the speed and extent of coagulation under nonnal 
circumstances is the conversion rate of prothrombin to thrombin, svhich is in turn 
dependent on the amount of actisc thromboplastin present Thromboplastin is 
released outside of the blood stream from tissue juices and ssithin the vascular 
sj’stem b\ the breafdoun of platelets Indirect and debatable evidence suggests 
that thromboplastin is normill) present in the circulating blood, but is rendered 
inactisc b\ combination with an antithromboplastic substance, and that the bal- 
ance between the concentrations of these substances determines the^balancc betsveen 
coagulabiliti and fluiditi of the circulating blood o ‘ 

U^urfaccs that repel water, such as paraffin and some of the plastics, ^ 

the agglutination and disintegration of platelets and the subsequent li cration o 
thromboplastin “ Since the extent of clot rctracuon is normal in polj ethylene 
tubes, this material, in contrast with collodion surfaces, presuma y as no in 
crcascd'SIhHTtnoFfibrin Furthermore, polyethylene repels svatcr relative!} wel 
an'd-ThCTcfbrc-probably'- inhibits platelet agglutination and ysis in the same 
manner desertbed b)' Quick for paraffin and other water repe ing su 
The mechanism b> svhich water repelling surfaces 
ma} not be concerned solely svith platelet disinwgration zner an 
others describe a catalytic action of foreign surfaces on the 

recalcified plasma '< Tocantins postuhtes ^c thejn^e^^ 

free plasma after exposure to glass is due either 

or an inactivation of anuthromboplastin ^ disappeared when 

Bnggs who reported a absorpnon of positively charged 

the glass was lined with paraffin , meiianisro m the initiation of 

colloids was suggested by the latter as a po 

the clotting of blood in contact with glass , . , as m tubes lined 

.3 «.rl> » 

with pu.ffio Polydhylcoc 3 f I, „ dimfore 3uje=t,v3 .hai 

action on water are also similar to P ^ rclauve inertness to the clot- 

it delays coagulauon in a similar rnann , ' J on the stabilit} of 

ting colloids of blood as well as through its protective 

platelets 

Summary and Covciusions 

c I and lucite in the subcutaneous 

. thyc.ct,oDtoim3lIpi«a ^pol)^ 

.. .o »..»» 

with the well-tolerated Incite ^ r^Kcthslene, paraffin, collodion 

. A of C10.P.S n»» 3va3 „ loop 

as in glass, and nearl} as long as ^ 

arc sillar to Hirschboeck s findings for lucre tubes 
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3 Clot retraction was found to be moderate and essentially similar in polyethyl- 
ene, para&n, and glass cubes It was sbght or absent in collodion tubes 

4 Capillary tubes of polycchylcnc were shown to repel water initially and then 
gradually to attract water over a period of days to a maximum height about one 
half of that in glass tubes Thus polyethylene follows Lampert s rule, which states 
that the effect of a surface in delaying the coagulation of blood is proporuonal to 
the capacity of that surface for repelling water 

ACKNOWIEDGMENTS 

The aothor* wiih to express appreaatioQ to Dr* H G Saroff J Sendroy, Jr J L. Tolhs E. P 
Croolatc xnd Mim M, E Tarver for helpful advice arid coopera tioa m these ftndics 

REFERENCES 

‘ Aixew J G Sandbuon M akd Jacobson L. O H)’pcrbcpanDcmja — the caosc of the hcniof 
rhagtc disease pcodaccd by total body exposure to loomng radtatioa Atomic Eoergy Commis 
»ioo Contract with Mctallwgica! Lab Ufliv of Chicago Nov 19^6 

* Best C H Hepann and thrombosi* Harvey Lecture* $i 66-8^ 1540-1541 

* Craboavt E The coagulation of blood Advance* in Entymology F F Nord and G H Werkman 

New York Inrcrsacncc Publishers Inc 1545 Pp 31-59 

* ZiiT M ANO CoBBN S S Scudic* 00 the chemistry of blood coagnlanoa 10- The reaction 

between hepann and the thromboplastic faaor J Biol Cbcm j/tf a37, 1^0 
.* pHRoutON J H Mechanism of blood coagulation Am J Med / 67-77, 1547 
Gortnei R a ano Batoos D R Glass surfaces versus paraffin surface* 10 blood clottmg phe- 
nomena a hypothesis Proc Soc Exper Biol Sc Med ay 810, 25x8 
’ HAunm W D akd Beowk F E, Tlic dctcnmnation of surface tension and the waghc of faUiog 
drops The surface tension of water and benacnc by the capillary height method J Am. Chem 
Soc 42 499t 1919 

* Hieschbobcc j S Delayed blood coagulation in methyl methaaylatc (boilaWc Incite J vessels 

Proc Soc Exper Biol &: Med 47 311 1541 

* — — Delayed blood coagulatioa and absence of clot retraction in collodion lined vessels Proc Soc. 

I Exper Biol Sc Med 4/ ixx, 1540 

Inobaham F C Alexandu. E and Matson D D A new synthetic plastic for use m surgery 
JjkJA A xjy 8X'-87, 1547 

Jacques, L B and Watke*, E, T Anaphylactic shock and hepann J Physiol pf 434* ^^94^ 
“JoEPEs, J E Heparin m the Treatment of Thrombosis cd a. London Oxford University Prc« 
2546 

'*Lamphet H. Du phyiilcalitchc Sate del blutgcfinnangs Problem* Lapng Georg 'nueme 1532 
” Loznee, E L. and Tatxoe F H L. Foreign surface* and blood coagulation J Clin. InTCSOgatioo 

2 J 142, 1543.. 

“ Ntoaaed, K. Hemorrhagic I>iscasc* Fhoto-EIectnc Study of Blood Coagulability St. 

C V MosbyCo 1541 - 

“ Qoiac A J The Hemorrhagic Discafci and the Physiology of Hcmo*ta*Js Springfield, Oiar 
Thomas 1543.. _ , 

Tocantins L M. Relation of contacting surface and anuccphalin activity to maintenance 0 m 
ity and coagulability of blood Blood r 156 1546 
Waenie E D Betkxous K M. and Smttb H P The prothrombin coavemon rate in van 
specie* Proc Soc Exper Biol Sc Med 4^ 157 1939 



the role or STAPHILOCOAGULASE IN BLOOD COAGULATION 

II Coagulation is the Absencx or Caloum and in the Presence of 
Fluorides, Heparin, and Azo Dves 

Bj John D Miale, M D 

TN A preceding report " it was shown that broth cultures of staphjiococci 
J~ produce a substance Qstaphjlccoagulase) which is able to clot plasma by rcaaing 
■"It a globulin substance (ccayjtlast fjobultn CG) to form a thrombin-Iike sub- 
stance f^coagulasi-thrtrrbtn, CT) Staph) locoagulase is not capable of clotting highly 
pwfied fibrinogen unless this reaction tal es place, and the rate of production of 
svhen plotted giscs a hyperbolic curve similar to that obtained in the activa- 
tion of classic prothrombin to thrombin 
This similarity in the nvo reactions, plus the finding that in both cases the final 
product IS one which clots highly purified fibnnogen, naturally leads to investiga- 
tions aimed at establishing whether the nvo reactions are the same, similar, or 
unrelated This report presents studies of the reaction of Staphylocoagulase with 
CG to form CT as influenced by factors known to have an effect on the conversion 
of {jTothrombin to thrombin and on the activity of thrombin 

I Tbf Ro/t of Calcium m the Staphylocoagulase Reaction 

It has long been known that the presence of oxalates or citrates does not inter- 
feiie with the coagulation of plasma by staphylococci However, m the ab- 
sence of quantitative studies it has been impossible to state that the presence of 
calcium ions is not necessary for the staphylocoagulase reaction Because of the 
important role of calcium in the conversion of prothrombm to thrombin, a study 
of this factor in the staphylocoagulase reaction has been undertaken 
The method used was that of progressive removal of calcium by controlled molar 
concentration*! of oxalate Blood (^human^ was drawn into a Sihcone* coated 
syringe, and all the apparatus used in this section was similarly coated Plasma was 
obtained by centrifugation and then diluted i lo with physiologic sahne The 
calcium concentrauon of the vanous reagents was determined by the method of 
Clark and Colhp » This made possible the addition of sodium oxalate m mcrcasing 
molar concentrations beginmng with a molar oxalate concentration )ust equal to 
che determined molar calcium concentrations and mcrcasing to five times the 
calculated calcium equivalent 

Typical results are shown m table i It is obvious that progressive removal of 
calcium in no way interferes with the coagulauon of plasma by either staphylo- 
coagulase or CT, even when the plasma is otherwise incoagulable by an excess of 
thromboplasun ’ It seems justified to conclude that the reaction of staphilo- 

From the Labomtoncj of the ManhfieldCUnic and St-Josephj Hospital M^hficld ^iscooim. 

Tbi, study was supported m part by a grant from the Marshfield amic Research Fonndauon 
* GcncTAJ EIcctnc Co Dn Film 
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coagulasc with CG docs not need the presence of calcium 10ns, diffenng therefore 
in a very basic way from the activauon of prothrombin On the other hand, once 
CT IS formed calcium is no longer required, a condition also applicable to the 
action of thrombin 

n Coagulant Action of Stafbylocoagulase and CT in the Ftticnet of Soluble Fluondts 

The anticoagulant action of the soluble fluorides is due to their decalafymg 
acnon plus the apparent adsorption of prothrombin ’ Table z shows that sodium 
fiuondc even in very high concentrations has no effect on the coagulation of plasma 
by either staphylocoagulase or CT The failure of fluorated plasma to clot on 
addition of thromboplastin plus adequate amounts of calcium chlonde supports the 
opinion that fluorides also remove a substance ncccssar) for coagulauon, and this is 
substantiated by the more marked deficienc) of clotting on simple rccaicificaaon 


Table i — Tht Efftct of Proptssut Pjmeval of CaUtum on iht Comimlatten of Plasma by Stafhylocoayytlast 

and hy CT 


llolar Ratio 

Ca Oxalate 

Clotting tunc vith 
Siaphi locoaffulaie* 

Qotlinii tune 
with CT* 

Thrombin Time* 

Oottinc time with 
Tb rcmboplastxD* 

I 0 

45' 

10' 

J 3 3' 

43' 

110 

43’ 

10' 

13 z' 

360' 

J 1 0 

45' 

10' 

J 5 4' 

no dot 

1 3 0 

43' 

10' 

13 3' 

CO ciot 

140 

45 

10' 

15 1' 

no dot 

1 5 0 

43 

10' 

IS 1' 

00 dot 


Plasma (Siliconc) i lo with sodium oxalate added to the given molar concentration final 
volume o 5 cc. Incubated at 37 C for 10 minutes before adding other reagents then aj cc- of coagn 
Unt added- Maintained at 37 C throughout 


* Staphylocoagulase, stenlc cell free filtrate of broth culture 30 amts 

* Coagulasc Thrombin CT crude-^'^ 

’ Thrombin (Up)ohn) diluted wiih saline 

* Thromboplastin (Difeo), 

It IS noteworthy, therefore, that the effect of staph^docoagulase is not inhibited 
by this deficiency If fresh oxalated plasma is treated with a suspension of CaF it 
can thereafter not be clotted cither b) rccalcificauon or by recalaficanon with an 
excess of thromboplastin added, suggesting that prothrombin is the substance 
removed 


in Coagulant Actum of Staphylocoagulase and CT m the Presence of Heparin 

The anticoagulant action of hepann has been thoroughly investigated, 
and Its use in this study is indicated by its inhibitory effect on prothrombin acuva 
oon and its antithrombic action in the presence of an accessory plasma actor 
Therefore it seemed important to detenmne whether it inhibits the stapby ocoa 
gulasc reaction or the action of CT 

Table 3 show the results of various coagulation tests on plasma contatni^ 
increasing amounts of hepann No inhibitory effect on staphylocoagulase can 
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Tatu; 1. OAfi’jnr -C ,ri rf Sljfh'KA^^Alast anJ CT In th Prtsmt cf St Jium FlnmJt 


Corf cl 
nonrjdf’ 

— — _ 1 

1 Oottinr Tinr 

1 » rih ‘•tif S) Ir> 

( loihni* Timr 
with CT> 1 

1 

Thnjmbin Time* 

rrolhrombtn 

Time* 

Cilntnn Time* 

0 ^ 

0 01 M 

0 OL M ^ 

30 

15 

1 

,0 

9 ' 

9 1 

19 0' 

10 0' 

11 0' 

59 4 ' 

1 55 I 

1 81 4' 

9 0' 
is' 30' 

no dot 

0 03 M ' 

15 

9 1 

10 5'' 1 

f 330 0' 

1 no dor 

0 05 M 1 


9 1 

u. 0' 

no clot 

no dot 

D lo M j 

*5 

9 ' 

<9 5' 

no clot 

no dot 

0 10 j 

-s 

9 

10 s' 

no dot 

no dot 

0 ^0 M 


9 j 

19 0" 

no dot 

no dot 

I 0 M J 

.s 

9 1 

IS 0' 

no dot 

no dot 


* OxaJarcd human plasma (from ^ 5 cc of blood -f* 0.5 cc- of 0.1 M Na Oxalate) dilated i 10 
^Tth saJine o 5 cc containing the stated molar concentraaon of fluonde Cfrom NaF) incubated 
for 10 minutes at 37 C before adding other reagents AJ) tests at 37 C 

*Staph)IocoaguIasc 50 units 0.5 cc. 

* CT Coagulasc thrombin crude*®o5CC 

* Thrombin (Upjohn) diluted \vith sahoe 

* Plasma o i cc + Thromboplastin (Difeo) at + CaQj ai cc of molanty calculated to equal 
rhe sum of oxalate plus fluonde in each test. 

* Plasma 0.5 cc + CaQ a5 cc of raolant) calculated to equal the sum of oxalate plus fluonde 

in each test. 


Table 3 — Efftct a/ Hipgnn an tb< Oan$ni */ flasms tj Staphytact^iMUst 0nd CT 


Hepann mx /cc ' 

Clotting Time 
with Stapbylo- 
coagalase* 

1 dotting Time 

I with CT» 

1 

Tlirombln Time* 

1 Protirombin 

1 Time* 

1 

1 CaJciom Time* 

0 

3 ^' 

10 

IS 8' 

S6o' 

5 

0 003 

30' 

10 

18 l' 

86 4' 

no dot 

0 OL 

30 

10' 

•9 3' 

3600' 

no dot 

0 1 


10 

zz 3*’ 

no dot j 

no dot 

0 Z 

30 

10 1 

3-' 1 

no dot I 

no dot 

0 4 


to' 1 

36 6' 1 

no dot j 

no dor 

0 6 


10' ( 

39 5' 1 

no dot 

no dot 

I 0 


10 

85 9' 1 

no dot 

no dot 

z 0 

5 0 

3°' 

30' 1 

to j 

10 ' 

1 

96 0' ' 

no 0' [ 

no dot 
no dot 

no dot 
no dot 


^ Oxalated human plasma (from 4.5 cc of blood + o 5 cc ^ i M Na Oxalate) diluted 1 ic 
with lahnc 0.5 cc contaimng the stated amounts of hepann (Hepann Sodium) incubated ic 
tninutcs at 37 C before adding other reagents. All tests at 37 C 

* Staphylocoagulasc, 30 units “ a5 cc 

’ CT Coagulasc Thrombin crude 0.5 cc 
■* Thrombin (Upjohn) diluted with saline 

* Plasma 0.1 cc + Thromboplasan (Difco) o-i cc + CaQ aoi t o- 

* Plasma o 3 cc + CaClj o-ox M, o 5 cc 


demonstrated, nor is there any esidence of inhibition of the CTcffea ^t the same 
time a definite inhibition of prothrombin actisatioo is demonstrated, as ucll as a 
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dear cut ancithrombic action, less striking in this case because of the use of dilutd 
plasma for the expenments outlined 

rV Coaptlant Action of Stapbylocoaiulast and CT m the Presence of A^o Dyes 

The anticoagulant action of certain azo d)cs in vivo and in vitro** * has bon 
attnbuted to the inhibition of thromboplastin’** ” ’* or of thrombin ' Table 4 
illustrates the anticoagulant effects of one of these dyes, Chlorazol Fast Pink, on 
plasma and also shows that there is no inhibition of cither staph} locoagulase or 
CT The anticoagulant action on plasma is ver} similar to that of heparm In 
addition, the type of clots obtained with thrombin on plasma contaimng i-o 


Tablb 4. — Effect ef Chitrtrzel Fast Ptiei an the Clattiti^ »/ Plasma hj StapbjlKva^idasi ani CP 


Dye Cone 

mfi /ce « 

Qotiinjf Time 
with Suphylo- 
coA^Ute* 

GolUn^r Time 
with CT> 

Thrombin Time* 

Prothrombin 

Time* 

CaJaum Time* 

0 

30' 

10' 

14 S' 

5X 0' 

s' 

0 01 

30' 

10' 

,5 O' 

58 3' 

S' 

0 01 

30' 

10' 

14 3' 

5 « 1' 

s' 

0 03 

30' 

10' 

14 3' 

57 4' 

%* 

0 04 

50' 

10' 

>3 9' 

73 7' 

9' 

0 05 

30' 

10* 

11 5' 

81 3' 

* 3 ' 

0 I 

30 

10* 

17 4' 

178 5' 

no clot 

0 1 

30' 

\0* 

xo 0' 

no clot 

no clot 

0 5 

30' 

10' 

5 S 0' 

DO clot 

0 

0 

a 

I 0 

30' 

xo’ 

110 0' 

no dot 

DO doc 

% 0 

30 

\0* 

• 

no clot 

no clot 

5 0 

30' 

\0* 

• 

no clot 

no dot 


' Oxalxtcd bninin plasma (from 4 5 cc of blood + as cc. ai M Na oxalacc). dilated i to 'ml' 
saline, as cc, contaimag the stated concentraaon of Chlorarol Fast PinL (Naaooal Amiine. Cl 
^353) incubated 10 minutes at 37 C before adding other reagents. All tests at 37 C 


‘Stapbylocoagulase 50 umts *1 a} cc 

* CT, coagnlase thrombin crude,” o s cc 
'Thrombin (Upjohn) dilated mth sahne 

‘ Plasma ai cc + Thromboplastin (Difco) as cc + CaQj, aoa M, o i cc 
‘ Plasma as cc + CaQj aox M, as cc 

* Extremely small globular or shredded clot after long incobanon 

and 5 o mg /cc of dye suggests that there may be some stabilizing effect on 
gen as well, an effect attributed to the chemically related compound Gcrmanm 
It IS interesting that the anticoagulant azo dyes, heparin, and Gcrmamn contain 
ester sulfunc groups 


Discussion 

Following the demonstration by Arthus and Pagis’ chat the remov^ 
prevented the coagulation of blood, and the work of Pckclhanng*’ ** an 
marsten’* showing that it is essenaal for the formation of thrombin but not or 
thrombin activity, calaum has occupied a secure place in the classic sc cm 
blood coagulation ” ** It is generally agreed that it is necessary for the activatio 
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^protliromhin, proluM\ through the formation of an intermediary complex 
Therefore <:ince -ifapln Io<.oiguIa<;e actne in the absence of calcium, we ma> 
suppose that its reaction with plasma docs not insolvc the activation of plasma 
prothrombin Tins conclusion is supported b) the failure of heparin to inhibit the 
reaction in spite of its othcnsisc strong anriprothrombic effect, as well as the 
unreduced actis Its of staphs locoigulasc in he prcsenccofthcother anticoagulants 
The failure of heparin and the azo d)cs to inhibit the coagulation of plasma by 
CT suggests that the substance resulting from the reaction of staphylocoagulase 
and CG is not thrombin althouch it can be classified as thrombin-like The nature 
of CT is not jet apparent, although it seems proper tentatively to place it in the 
group of substances which attack fibnnogen directly without the intervention of 
classic prothrombin and thrombin Since we have consistently failed to demon- 
strate anj fibnnolj tic or fibrinogenolytic activity of the materials in the staphy- 
locoagulase reaction it would appear justified tentatively to exclude it from the 
trjptic cnzjme class The inhibitor} effect of hepann on tryptascs" but not on 
staph} locoagulase would also support this tentative conclusion, as would the 
failure of fluondcs to inhibit, the rclativel} wide pH range of activity, and other 
properties Obviouslj this and other points need further clarification It is 
significant however that none of the other substances which arc able to clot 
fibnnogen' t « 10 ii far been demonstrated to need a globulin co-factor 

of the type involved in the staphv locoagulase reaction 

Conclusions 

I The coagulation of plasma by staphylocoagulase and bj CT docs not require 
the presence of calcium 

1 The activity of staphylocoagulase and CT is not inhibited by soluble fluondcs, 
hepann, or azo dyes 

3 The failure of antiprothrombic and anuthrombic agents to inhibit the 
staphylocoagulase reaction indicates that it is not related to the activity of pro- 
thrombin 
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THE DETCRMIN \T[0\ OI THE LC\ CL Of LEUKOCYTES IN THE BLOOD 
STREAM WITH INELVMMATION A THERMOSTABLE COMPONENT 
CONCERNED IN' THE MECH-VNISM OF LEUKOCYTOSIS 

Bj Y'au MnvMs M D 

H ///; r/ 1 tech iCii! Jitislat ce of Rirrit Lirm\ aj.d Louise Pibovane 

W ITH AN acute inflammation the Icxel of uhite cdls in the circulation is al- 
tered, but It IS dilhcult to predict the direction of the shift There cither 
tnaj be an increase or a decrease in the number of circulating Icukocyt«, ^ 
other hand there ma) be no appreciable change The rise is in part uc to t c 
tion b\ cells, scscrel) in|ured at the site of an acute inflammation, o a 
t)pc of alpha globulins* termed as an cntit>, the leukocytosis promoting 
CLPF) > ' » Subsequent ssork has revealed that the active P»““P‘Y«P“ 

for the effect of the LPF seems to be a pclj-peptide * The ^ maeni- 

blood cells accompan)ing an inflammation cannot 3 lwa>s e up ica of tlic 

b, . >,„glc .k LPF ic .b« .be „ 

Factor at the site o( an acute in/laramation may to part cap am 
times far above that obtained b) mcrel) in/ccting onf ose ° ' explain 

oier hand, .. conee, table that them may be other /ac.ora .»e Pl»ad mapl .m 

the ulcmtate effect on the leukocyte level accompany mg an . c [ gypjQh, 
Earlteretudtea have tevealed dta. eobmffue.t 

ulifl of an exudate, there often develops a leukocytosis tt c !, g j,,, 

that necrostn assL.ted with the e.fflobulm 

By indunng tissue iniury, in turn causes the Joca however, to be an 

rooting factor with the eventual effect noticed P j Lnni the cuelobulin 

incorrect interpretation, for when necros.a was dis- 

fraction, the nonmjurious pyrexin or the pyrogenic factor 

played the subsequent leukocytosis * , . c„r nlace it will be shown 

The purpose of the present paper is twofoW In *e ^t place^ ^ 

that besides the thcrmolabile LPF of aids m explaining the 

raostabic component, especially in acid exu second place, an 

mechanism of the final leukocytosis with i concerned m the detcrmina- 

attempt will be made to point out the various acute inflammation 

tion of the white blood cell level when there is a co of the vanous fac- 

It will be shown that the final picture is a tes unt component 

tors previously described, ’ as well as the effect o P 

O h Temple University School of Mediae' 
From the Agnes Bare Chase Foundation for Cancer Researc P 

Philadelphu Penna Cancer Council This is number 41 a se-i $ 

Aided m part by a grant from the National A vi ry 
^titled Smdics on Inflammation 

* Ac least It seems to be associated with these protein 
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LEUKOCYTE LEVEL IN BLOOD STREAM WITH 1NFLA1.IMATION 


Methods 


Dogs were given in icute pleunl indimmicion etcher svith turpentine or with 5 per cent croton oil 
in olive oil The amounts injected in the right chest cavit) were cither i to i j cc of mrpenune or in one 
instance o 3 cc of 5 per cent croton oil in olive oil On the following day and on subsequent days white 
blood counts were taLcn The animals were tapped for the presence of any pleural exudate The pH of the 
exudative miicnil w as measured b) means of 1 BccLman pH Ndctcr The measurements were also checlxd 
by the use of Hydrion paper as a colorimetric measurement of the pH Five to i cc or even lesisvas 
injected into the heart of a normal animal in which the basal white blood count had already been cs 
cablisbed The number of circulating leukocjTcs was measured at hourlj intervals for a period ranging 
from four to six hours Into another dog a similar experiment was run in IiLe manner the only difference 
bemg that the injected exudative sample was cither brought to a boll or boiled for thirty mmutes In this 
way any heat stable factor present 10 the exudative material could be recos"ercd and its activity on the 
number of orcnlaang leukocytes csublishcd Since the primary activity as it will be pointed out pres 
cntly of a heat stable component of the leukocytosis promoting factor seems to be located in exudates 
of an acid pH this suggested that the effect may be associated svith pyrcxin as indicated m earher 
studies • For this reason pyrcxin was administered to normal dogs These animals svcrc observed at 
periodic intervals and as stated prcvionsly they eventually developed a marked leukocytosis m the 
blood stream ‘ This rise in the number of circulating leukocytes was observed to occur both m the sys 
temic and the peripheral circulauons so that the effect could not very well be explained as a circulatory 
redistribution of white cells Animals were also injected with boded pyTcxin m order to determine the 
heat stability of the leukocytosis-promoting component studied In both experiments a differential 
count was made at the same ume the absolute white cell level was determined Parocnlar care was given 
to establishing the percentage of immature or one lobe form of granulocytes as early as one hour 
after the administration of cither boded exudate or of boded pyrexin The reason for this step was to 
obviate the possibility of secondary injury in tissue caused by either exudate or pyrexm with subsequent 
formation of the LPF 

Finally in an effort to determine whether the results obtained were spemfic for one species only a 
similar type of expenment with whole and boded guinea pig exudate was repeated on guinea pigs "nis 
injection of guinea pig serum was utdiied as a control in this series of experiments Differential leuko- 
cytic studies were also undertaken This study on dogs and on guinea pigs allowed a greater laucudc m 
drawing final conclusions 


Results 

When aa acute inflammatory process is induced in the right pleural cavity, exuda 
tivc material is often recovered and the pH of the exudate tends to be at an alhalinc 
pH * At tunes, however, the pH of the exudate may reveal a relanvcly neutral pH 
On subsequent days the pH tends to be relatively at an aad pH ' When the pH 
of the exudate is alkaline or relanvcly neutral, it is found that the corresponding 
leukocyte level in the blood stream is cither markedly increased, not significantly 
changed, or merely slightly increased In some cases there is even a decrease in the 
level of arculating leukocytes Such a decrease is likely to occur if the basal 
blood cell count tends to be elevated In other words, it is impossible to pr ic 
with any sense of precision what the injecnon of an imtant in the pleural cavity 
will do to the white cell count in the blood stream Such data is assembled in tab c i 
On subsequent days the exudate recovered from such an acutely inflamed area ten 
to be at an aad pH,® and, generally speaking, the level of arculaung leukocytes 
tends to be at a high level This is illustrated in table i The question 
which immediately is raised is whether there is any single factor or a combmatm^ 
of factors which determine the ultimate picture m the level of leukocytes m 
circulaDon with a concomitant acute inflammation 
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>'-c cxudarr^'"'^ ^ '■’ ^'■‘' »n uhJc 1 h,sr different 


'T"* /Vr/rr^-, 


' '■ '■ •■r-‘ *■■■■< •>■ 


^Of Co 




fli'il while blood 
cell count before In 
I «UQnff inflinunitjon 


pH of erudite 


( ^ite blood cell 
I count with Inflmiin* 
I ^00 It in alkane 

/ pH or at a relati\-cly 
I neutral pH 



*5%crot^^ I --r 1 / o I 

t ^anjcctcd ° oii aicd as an imtaot lo aiJ others torpcDDnc nnhzcd. 
tNo eiadatc obtained 



pH the in'^e^ ^ neutral pH The average increase is 65 3 per cent Ac anaRahne 
observatino 38 9 per cent, whereas at an aad pH the \aluc of all the 

If the sa ’‘l ^ 56 6 per cent 

samp cs of exudate arc now subjected to hear b> boiling them either fo- 
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thirty minutes or by bringing them )ust to a boil, it is found that the heat cssentialh 
abolishes the cfFcctivcncss of alkaline exudates The average increase is 15 6 per 
cent (table 4) This increment is within the range of normal vananon' * during a 


Table 3 — Th< E^eef fff In^Mmmatory Exudatts #/ Difftrertt Hjdreyn loft Conttntratfon on tlx Nitmhr •/ 

Cmvlaitni tonketjlis 


Dog no 

pH ol iojecled 
exudate 

Amount of exudate 
{n)cclc(t 

Basal white blood 
cell Count 

HjghcJl while blood 
cell count wbieqntnl 
to the adnunutratioQ 
of exndate 



fC 

ptr cv mwt 

118 T 

7 3 

t 0 

9.750 

’5,430 

119 T 

7 8 

r 0 

'7,175 

10,900 

IU.T 

8 5 

3 15 

5,7x5 

9, ' 5 ° 

98 T 

7 IS 

I- 5 

11,650 

’ 3 , ’ 5 ° 

119 T 

7 4S 

5 0 

0 

0 

19,050 

118 T 

7 SS 

I- $ 

’4,5x5 

11,950 

118 T 

7 Si 

5 0 

”,475 

ZI, too 

131 T* 

7 6 

5 0 

’9,3x5 

10,455 

Average change in white count at alkaline pH 

ix, 7 og 

17.651 

87 T 

7 OS 

6 0 

9» ioo 

li 150 

63 T 

7 0 

10 0 

”•,475 

19,600 

illT 

±7 0 

5 0 

7.075 

17,500 

137 T 

7 0 

3 $ 

11,183 

14,150 

98 T 

6 gS 

3 8 

9 ( 2.00 

11,550 

137 T* 

6 95 

5 0 

’ 4,575 

18,300 

iixT 

6 93 

3 5 

6,975 

15,000 

Average change in white count at essentially neutral pH 

10, jj,6 

16,907 

87 T 

S 0 

SO 

10,700 

14,2.00 

98 T 

6 S 

4 0 

10,500 

11,750 

II9-T 

6 i 

5 0 

14,900 

10,500 

131 T 

6 63 

1 0 

12. 2.50 

10,950 

i3lT 

6 87 

5 0 

11,415 

14, lOO 

133 T 

6 8 

5 0 

17,650 

33.750 

Average change in white count at acid pH 


17 , 54 ’- 


Pet cent increase in white cells with tn|ection of alkaline exudate 38 9%. 
Per cent increase in white cells with iniecnon of neutral exudate 65 3%. 
Per cent increase in white cells with injection of aad exudate 56 6% 


* 5 % croton oil in olive oil used as an inflammatory iintant in all other eipenmcnts turpennne 

unlued 

period of four to six hours Heat at such tempierature or even at a lower temperature 
evidently inactivates the LPF present in the exudate * This is also essentially true 
when the original exudate is at a relatively neutral pH, the rise averaging 31 8 per 
cent (table 4) On the other hand, when the pH of the exudate is definitely aa m 
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charjcfcr, the c!Tccti\cnc's of tlic active principle tends to be maintained (table 4) 
The atcrape rise in tins croup of docs is 55 5 per cent This figure is approximately 

TxfLr j, ~Th CfrJ t' B I r M-'j (I (/ DiFnrt UjJrcitfi Un Ctn.trJuiisn tn tit Numiir if 

Cfr-*V/r^ t/nkfcjfts 

Hlfhest ichite blood 


(cr at pm 


Average change in uhitc count at aJ^aiinc pH 


SdT 

54 T 

1X3 T 

136-T* 

118 T* 
Mo-Tf 

87 T 

7 °5 

7 0 
±7 0 

7 a 

6 58 

6 95 

6 SS 

6 0 

II 0 

5 c* 

3 5 

38 

5 0 

Average change in whicc count at csscnaall/ ncucraJ pH 

80-T 

5 ° 

0 7 

S 7 T 

6 5 

4 0 1 

118 T 

6 i 

I 0 

i3xT 

6 63 

X 0 I 

131-T 

6 87 

5 ° J 

•34 T 

e 8 

5 ° ! 


Average change in vrhicc conne at add pH 


^ n nf hnilcd aJtahnc cioditc 15 

Per cent increase in white cells with injccao . ...j neutral exudate 318% 

Per cent increase in white cells with exudate 55 i%- 

Per cent increase in white cells with injecpon 

TTTL thirty minutes in all other expenmenis the 

*In these expenments the exudate was bode 

exudate was just brought to a bod .rnrant In all other expenments inrp-ntin 

t 5% croL od in ohve od nsed a, an inOammatory imtanr 

unbred 

( heated aad exudate (cf table 5 and 
similar to the one encountered m case o un facror in acid exudates 

table 4) It would seem as if there is present * , m alhajine or neuffa! 

which tends to be either absent or present in r 
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TIME, hours 


Fio I — The Effect of an Aixaune Exudate on the NcDfSEx of Oxcdlatino LEurocms in as 

Otherwise Normal doo — • — Thccffcctof an exudate of pH7 55 O "O — --The effect of boil- 

mg this same exudate Note that the effect on the absolute white count js abolished but that there 11 sdU 
an effea on the percentage of discharged immature granoJocytes m the circulation This is indicated Iff 
the unstained columns, wbcfcaa the blacl. columns indicate the effect of an untreated alkaline exudate on 
the percentage of immature grannIoc}Tcs in the circulation Boiling the exudate docs not seem to alter 
materialJf any change in the outpouring of immature granulocytes into the blood stream 



1*10 X. IHE DFFECT OF AN HXUDATE AT A KRLATIVB NEUTRAL PH ON THB bOlll^S 

Lkococvtes — • — The effect of an exudate at pH 6 98 O O O The ^ 

the same exudate Note that boiling an essentially neutral exudate docs not completely a 
on the absolute white blood count 
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fxudatcj rvi 1 

^rrccuhlcd.JLnccln'jiTcnJ / ;"''T no 

'. i. and 3 U ,s ^ccn «pcnincnts ,n 

an all al.nc c.xudarc rJds to .iar^ ' concerned, 

crcn<i5to,nacc,^ate.tC/?g i) On the contrary, boihng 



T/M£, hours 

ever ^ exudate although reduemg the oinmarc effect probably by ibohshmg what 

number o/ ^ ^ ^ ^ present in such an exudaave material snii /caves a potent effect on the 

6 8 leukocytes — • — TTic effect on the circu/aong Jeakocjtcs of an exudate at pH 

istration ^ effect of a simi/ar sainp/c of exudate but brought to a boil before admia 


fere IV u ^though perhaps it diminishes its potenej, still does not inter- 

exudate effectiveness (^cf figs i and 3^ At rclauvcly neutral pH, boiling the 
^ yields somewhat of an intermediate picture (fig 
ence c>ut previously, pyrcxin or the pjTOgemc factor of exudate, the exist- 

datesw I^en confirmed by Bennett,’ tends to be present in acid ciu 

lion and Smith have failed to obtain it b> unlizing the scheme of cicrac- 

ined by this author, but thc> hare nevertheless shown its presence in the 
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cuglobulin fraction of exudates ” Tantun and his collaborators have also shown' 
that there is a pyrogenic factor present in the wholeeuglobulinfraction of exudates, 
or as It was formerly called necrosin The term necrosm referred to a com 
bination of necrosm, pyrexin, and the leukopenic factor of exudates Since that 
time these various components have been dissociated from the euglobulin fraction, 
particularly of acid exudates ' “ At times the dissociation of p}Tcxm from 

necrosm is a difficult procedure It is assumed that this is the difficult) encountered 
by Smith and Smith " In recentl) published data, the author has shown that when 
such separation is difficult to perform, allowing necrosm to stand on ice for several 
weeks will permit p)Texm to settle at the bottom of the container as a preaputc 
which can easil) be recovered as the p)rogemc factor, or pyrexin 


Table 5 — Tbt Etentual Effect ej Pjrtxen on the Kumber of Ctradaltni L/nkoc^ttS 


Dog DO 

B&ial white celt couDt 

Dojc of pjTtiJn 

Highest white cell coonl 
subsequent to the idnun 
lilrxtion of pjTTxin 


per cv mm 

mx 

per CM mm 

97 T 

11,350 

38 

17,7“ 

70-T 

11,700 

7 

10,950 

18 D 

11,400 

I ±40 

17,-5° 

16 D 

9.775 

M 

16,550! 

16-D 

11,500 

M 

ii,4o°J 

51 D* 

10, 8oo 

89 

33.'°° 

75 D 

11,2.50 

134 

17,400 

81 D 

8,9x5 

10 

13.750 

11 D 

8, 500 

X3 

M.750 

8 D 

10,150 

45 

10,150 

Average 

CO 

h.. 


10,650 


* Pyrexin injccfcd into nght chest instead of introdnang it in the arculating blood 
t Penphcral blood sample 
t Cardiac blood sample. 


It has been pomted out previously that p)Tcxm, usually obtained from aad exu 
dates,'" most frequently m the later stages after its admmistranon tends to yid * 
leukocytosis m the blood stream ' Such observations are gathered m table 5 ’H'" 
factor which induces a state of leukoc) tosis and which is assoaated with pyrexin 
probably is closely related, if not identical, to the leukocytosis-promoung factor 
of acid exudates (tables 3 and 4), for boiling pyrexin fails to inactivate this leuko- 
cytosis component These data are assembled m table 6 Vigorous boihng 
inactivate the leukocytosis-promoting component associated with pyrexin i 
indicates that this heat stable component seems to differ from the thermola 1 1 
LPF ' When pyrexm or boiled pyrexin is administered, the state of leukocytosis 
may take place m a few hours or it may occur on the next day The boiled exu a , 
or for that matter boiled pyrexm, induces a discharge of immature or i-lobe 10 
of granulocytes into the circulation as early as one hour, if not before, after thei 
ministration of the matenal These studies appear m table 7 The rapidity of c 



\ 'tr\> IN 


_ r Ti, r„- ! -r-ffn.rJ L^.Ujf,s 


1331 


^vcra^c 


r> ri 


1 t.al 1 

D'^e of boilrd r>Tcrin 

Hi heat white cel] coont 
SBtr«queDl to the arfmfn 

“ 





Mtrtijoa of bciJed p>Texm 

97 T 


fr rM r'T 


fer ai rrt 

-t>T 


I* 3.5 

±170 

h» 

0 

0 

f 3 T 


I- '.5 

3 ^ 

15 000 

'o-T 


8 'CO 


13.750 

95 T 


9 815 

±7 

Xl.,050 

97 T 


“ 400 

±150 

-3.350 

tig T 


075 

9S 

13 550 

118 T 


II 1-5 

iioo 

10.750 

I- D 


I- OvX 3 

So 

ir 500 



1 1 100 

M 

31 lOO 



10 S15 


10.733 


- _ tf/ B st/fJ ExaJate cr af Pjrcxtr ar tht Ir-marxft Granxlacjtas in tb< Blatd Sirtmes 


Dog e 


T>p^ of tmthjoe 

of boiltd flutfnal u 


pH of exucbte 


fiuj) oinabcr 
0/ imnutpre 


Number of 
immjtnre 
gTtnalocytes 
•pproxinutely 
I bcmr titer 


Ntunbcr of im 
mitiire gruolo' 
cylattthepeai 
of Lheeventoal 
feukocTtosis 


ji^T 
136-T* 
II8-T* 
140-Tt 
134 T 
132. T 
118 T 
80-T 



1 

1 


(Hobe form) 

xdnuoutnuoa 
of nittenxl 
fl Jobe fonii) 

liter idmmii 
tntioo of boded 
ouieriij 
(1 iobe foTB) 

exudate cc 

i 

/er ce*/ 

prr uni 

per ctnl 

1 5 

7 55 

16 ' 

31 

30 

3 5 

7 0 

10 

3° 

46 

3 8 

£ $8 

16 

.6 

3- 

5 0 

1 6 95 

1 4 

18 

40 

5 0 

, 6 80 

1 10 

34 

44 

X 0 

6 63 

1 "f 

x6 

38 

I 0 

1 6 xo 


31 

48 

0 7 

pyre XI n, mg | 

5 0 

I « 

31 

54 

±80 1 

- 1 

16 

-0 

4 s: 


_ 1 

6 

40 

46 

1 

- 1 

4 

18 

38 

1 

1 

1 

1 

ii 

z 8 

4 - 


J '•*uuitcs lample was boiJcd for a period of tfurtr minutes in aJJ otner cipcnm-nts tnc 

«»Jatc«as,ust brought to a bod 

“tdiicd » pleural ttntant in all other cipenmcnts terpennne 

^nfmal never displa>ed a leutocptosis after theiniecnon of boded pprcxin pet the nuc 
Pfcpara?™*'"'^' grannlocytes began nsing as earl> as one hout after lajccaon of the boded pr-enn 

'vould support the view that the cffcctncncss of the heat stable component does 


P seem referable to a secondary tissue iniuri caused b\ 
‘^iled ovreYin 


either boiled erudate O' 


Pyrexin 
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Furthermore, it is of interest that even though boiling tends to inactiiate an 
alkaline exudate when the absolute white cells are studied, jet the percentage of 
immature granulocytes or single lobed forms still show a rise (fig i) This would 
suggest that a study of the differential leukocj tic formula is a more delicate test 



Fio 4 — ^Thb Emcr of Pthrion and of Boiuno rmf Mateaial on thb Nome* of Cucoiay^ 
Ledkocttes • — A — A — A The effect of pyrcxin on the number of circulating leukocyte* 

The effect of boiled pyrciin on the number of orculating leukocytei Note that either pyrcitin or > 
pyrcxin eventually gives rise to a leukocytosis The initial leukopenia has been shown in an ‘ 
to be referable to the presence of a leukopenic factor assoaated with pyreiin • Samples of blood 
heart or from a peripheral vessel in the lobe of the car produced essenaally similar effects, indicatmg 
the results arc not referable to a redistribution of leukocytes in the circulation 

than the absolute white count in determining the effectiveness of heated or 
exudate That this is true has been pointed out previously m the case of ra ' 
LPF'« 

The effect of pyrcxin and of boiled pyrcxin is shown in the case of an expen®'^'’ 
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In ncurc It i 

^scntullt fi,h i^ahcr fJic maicml, as in man) cases of acid exudates, 

in the circulars P^cxin in inducing a state of Jeuko- 

'icld similar result,. ^and^; Peripheral and cardiac samples of Wood 

J«ikoa tes in thr ' "1 effect IS not referable to a redistnbution of 

Inord^to / 

species the for ' '^£ conclusions bised only on one aaiwal 

egoing senes of erpenments ssere repeated on guinea pigs These 

T-^ p,f ExtJ^,,nlitCm:.lalini Wim Oil, ef th Gums 

■ P‘t 


Uo-^Mtfd Exudate 


Boiled Eradatc 


CJ 


e 

10 

11 

ij 


PlI of eiu 
date 


5 iS 
® 3S 

6 j 

7 76 


Aver^ 


»ge 


1 ^ocni of 
, feated or 

vnhfited 
MudltC 

I injected 

, Bi,al 

cuabof of 
OfCulltlDX 
white 
cells 

Hifhest 
nunber of 
nrmlaUDS 
white cells 
wiihio 6 
hours 

G_P no 

fiasat 

, number of 
amliuox 
I white 

cells 

^ Hipest 

1 numoer of 
Qrenlatirp 
white 
cells 

j 

<e 

fer m nri 

/rr em «« 


1 /er e» nrr 

1 /er f» r-w 

0 I 

M 75^> 

iS 500 

s 

1 13,750 

, XI, 500 

0 6 

1° 375 

19 000 

s 

1 14,875 

j 18,150 

1 ° ■* 1 

7 1x5 

19 150 

IX 1 

1 5,8x5 , 

24,000 

1 ° 5 

10 130 I 

1 

40 750 1 

i6' 

11,1x5 j 

19,000 

1 

1 

10,615 1 

16,875 1 

1 

11,344 

xo, ffgS 


UnhtMftJ tnJ Gttiua Pig, BlitJ Strum tn tit Whtit BIfJ CM Lml >j tl, Gum, F,g 



0 s 

1 ° ^ 

15,000 

II 000 

1 

(Tsme tb€ I 

1 15 000 

1 XI, 000 

1 

1 

1 1 

13,000 

10,000 



”.375 

6,875 


iB 000 
8 7SO 


5,1x5 ( 11,375 

p.„. ^^iirnaJ Incrcaic m Circoliane Wiucc Cdis in t Srudy ofNormiJ Vananon in Gninea 

^oc- Soc Exp Biol & Med 6 j 318-313 1546^ 
cent increase with exudate 151.5% 
cent increase with boiled exudate gi_4% 
increase with blood scrum 33 8% 

• Increase with boiled blood scrum 35 6 % 

Was th f° hardlf anf coagolaccd exudate left. The matenai to be admimstcrcd 

^ tafccn and suspended in about a two or three fold roJumc of distilled water 


^tcr animals were injected in the nght pleural cavity vrith about o i cc of 5 per 
oil in olive oil, and on the following day either the animal was found 
to ‘ioracentesis yielded a small amount of exudate ranging from o 1 cc. 

5 cc Postmortem examination revealed the presence of some exudative fluid 
^ tec right chest cavity, and this fluid was injected into normal pigs Thev re- 
subo ^ ° 5 of cither the tmtreated or the boiled material b\ injecting it 

Pad in the groin White blood cell counts were done b) meting the toe 

1^* approximately hourl) intervals It is clear from table S that exudative ma- 
*1. particular!) at an alkaline pH, )iclds a pronounced nse in the nurabe* o^ 
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circulating leukocytes of an othcr\Msc normal guinea pig upon administration of 
the material b) the subcutaneous route Boiling the exudate sample reduced some 
what the effect, but a pronounced influence still remained In all the observations 
the exudate induced an average rise in the number of total circulating lcul,oc)tcs 
amounting to 151 9 per cent Boiling such exudative material reduced this figure to 
8 l 4 per cent This is still an increase, for in an earlier study it has been shown that 


Ta6ft p — of Soft UnhtateJ MnJ HtattJ ExuJjtt anJ BfotJ Srrum fnm Guir^a tnThir 

emulating Inmatart GranMlxyttS 


G P DO. 


>s 


Average 


5 

S 

II 

16 


Avenge 


10 

11 


Average 


2-3 


Average 


Amount and t>'pc of mattnal 
injected 


Baial Dumber 
of imnulorc 
mnutocyies 
G lobe form) 


o 4 cc whole exudate 
o 5 cc whole exudate 


ptr fcnt 

4 


zbo I cc boiled exudate 
o 4 cc boiled exudate 
o 4 cc boiled exudate 
io 5 cc boiled exudatet 


5 cc whole blood serum 
5 cc whole blood scrum 


o 5 cc boiled blood scrumt' 
o 5 cc boiled blood scrumfj 


Number of 
immature 
XTanulocytcs 
appro ilnutely 
I hour after 
admioittratioQ 
of matcnal 
(I lobe fonn^ 


cent 

»5 


16 5 


6 

8 

10 

6 


7 5 


Number of 
nuturt priatuo* 
cytesat tfce 
peat of the 
e%-eQtuil leuko" 
cjrtoiis after 

admirujtntioQ 

0! matcnal 
(I lobe forol 


per cent 

18 


14' 

iS* 


18 5 


8* 

4 


* Pctcentigc of immsitnrc granulocytes taken i to a fess hoars after the height of the 
level has been attained 

t Since a very shght amount of the matenal was obtained foUosving its boding ib' 
was suspended in distilled water to a volume ranging to about two or three nmes the amount 
boded sernm 


the average maximal variation in guinea pigs is 36 9 per cent As a further co 
trol, the effect of guinea pig blood serum was injected subcutaneously m 
of otherwise normal animals, this was done in only two animals Ct^ble 
average increase in the number of circulating leukocytes was found to be c 
less than in the ease of exudates It amounted to 53 8 per cent Cef with *5^9 
cent in the ease of exudates, table 8) Furthermore, when the serum was broug 
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a boil, the 3\crjpc nv amnuntcJ to 55 6 per cent, a /iqurc not abo\c that cncoun- 
iCTcd in a stujj of the normal \anation in puinca pigs *' 

Finallt , a jtuJt was undcrtal cn in puinca piqs to determine the ciTcct of exudates 
on the difTcrcnual Icuf oc) tic formula It is clear, as shown in table 9, that a guinea 
pig exudate induces an carl) discharge of immature Icukoc) tes into the circulation 
This rise IS to some extent duplicated in the ease of boiled exudates (table 9) On 
die other hand, hotJi unheated and boiled blood serum fail to show an) appreciable 
changes In brief, it w mild appear from the results on the guinea pigs as if in these 
animals there is also present in their exudatne material a relatively thermostable 
feuhoct tosis-promoiing factor which is csscntiall) absent in guinea pig serum 
These results resemble tlic observations made above on canine exudates 


Discussion 

The foregoing cxpxmmcnts indicate the presence of an additional component 
concerned with the mechanism of Icakoqtosis with inflammaaon In contrast to 
the factor pircviously repwrted which was thermolabilc,' the jircsent factor is ct 
niostable The thcrmolabilc componenr is found to be associated '^''^ch c a p 
globulins of exudates ^ The active principle seems to be a polypiepti c. per aps 
attached to the globulin molecule < When separated from the globulins by ag^ 
the material, it is found that the original thcrmolabilc LPF compoaixt, now 
of its protein atuchment. is also thermostable ^ The tfacrmostablc com^nMt 

tfescribed in this Mtjcr IS usually recovered in greater abundance romaa ex > 

tn contrast to the labile compxmcat, and furthermore this component is 

close associaaon with the pyrogeme factor of exudates or pjy^n -Are J 

labile component and the thermostable component of the LPF separa 
This may be the ease On the other hand, it is conceivable that one is 
one and the same subsunce The leuLocytosis-promoung hetor, “ ® 
seems to attach itself in an alkaline or in a neutral exucUnvc « ^pha 

globuhns ’ Consequently, boiling this material It^sdso quite possible 

niolabilc LPF attached to a denatured pirotcin is inacn rrr/-sent‘° the LPF 

^hat m an acid exudate with an appreaable Since 

slides over and becomes correspondingly iicta^cd likewise thermo- 

pyrcxin IS also tbcrmostsble/^ and since the LPF j>o FpeP p ^ studies, it is 
soiblc,^ boiling the combined haters fails to maenvate k Future studies, 

.c»locy» 1. p,cd,c^ 

When the exudate is aad in character, the Ic number of Icid^oqtcs 

^kcdly raised (table z) It would seem as if ^ aad the thermo- 

in the blood is referable to at least two factors, cendenq is counter- 

stable components of the Icukocytosis-firomoang a t,„^nlabilc Icukopcoin of 

balMccd by two other leukopenic pnmanl) aad exudates ‘ 

^datcsis and the thermostable leukopenic f ^„jnccs the final Icukoci tic 
combination of these various opposing factors i f.rrnrs dominate the 

level m the circulation When the leukocj’tos.s-promonng 
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resultant effect is a rise in the white blood level On the other hand, a predomi 
nance in the concentration of either, or of both, leuLopenic factors results in no 
appreciable change in the level, or else in a franh leuLopcnia 

CoNCLUSIOVS 

There is present in inflammator) exudates, particular!) in exudates having an 
acid h)drogen ion concentration, a thermostable leukoc) tosis-promoting compo- 
nent, which in conjunction with the previouslv desenbed therraolabile leukocyto- 
sis-promoting factor aids in our understanding of the mechanism of leukocytosis 
with many inflammator) states The thermostable component of the leukoc)tosis 
promoting factor is recovered in association with the p)TOgcnic factor or p)Tciin 
Whether it is essentially different chemicall) from the active prinaple present in 
the thermolabile factor is discussed and remains to be seen 
The resultant leukocyte level in the blood stream with a concomitant inflamma- 
tion is the resultant of a multiphcit) of factors The rise in the number of orculat 
mg eukocytes with inflammation is induced bv a combination of the thermolabdc 
an the thermostable components of the leukoc) tosis-promoting factor of exudates, 
whereas the decrease in white blood count seems referable to both Icukopenin and 
the leukopenic factor of inflammator) exudates A predominance in the concentra 
non of any one of these factors liberated b) injured cells at the site of an acute in 
flammation will determine the final level of white cells in the arculauon 
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EXPERIMENTAL THORACIC DUCT HSTULA 
Observations on L\mphocyte Output 


Bj William W L Glenn, M D , Francis X Bauer, M D , and 
Samuel L Cresson, M D 

S INCE the adaptation of polj’vin}! chloride and polj ethylene to the making of 
cannulae, seteral investigators' ' ha\c been able to produce thoracic duct 
fistulae in the dog which are free-flowing for as long as 8 dajs Thus is provided, 
for the first time, a means for continuing observations on the Ijmphoqtc output 
from the thoracic duct The findings maj have implications as to the production, 
circulation and fate of the l)mphoc}tc 

It has been known for man) ) cars that large numbers of white cells, 98 per cent 
of them lymphocytes, arc constantl} passing into the blood stream from the 
thoracic duct YofFc) ' has found that a 10 kilogram dog discharges, on the average, 
about 100 million lymphoc) tes hourl) into the blood stream through the thoracic 
duct From this rate of 1 ) mphoc) tc output he estimated that in the dog there is a 
complete replacement of the blood ^rniphoc) tes twice daily Sanders, Florc) and 
Barnes' and Adams, Saunders and Lawrence^ have recently determined that there is 
a similar rate of replacement of the blood lymphocytes in the cat The former also 
estimated that in the rabbit the blood l)’mphoc) tes are replaced at least 5 times a 
day It is important to note, however, that in all of these previous cepenments, 
the thoracic duct fistulae have been created under a general anesthetic and have 
drained for a few hours only 

Investigators arc not in agreement over the fate of the lymphocyte after it enters 
the blood stream Yoffey and Drinker,* for example, on the basis of the number of 
lymphocytes in lymph prior to passage through a lymph node, maintained that 
only one lymphocyte in 32. that enters the blood from the thoracic duct eventually 
re-enters a peripheral lymphatic They believed that to this small extent a re- 
circulation of lymphocytes takes place Sanders, Florey and Barnes' did not believe 
that any lymphocytes arc recirculated through the lymphatics and assumed that 
all of the lymphocytes passing through the thoracic duct arc ncwl) formed cells 
Ehrlich,’ on the other hand, thought that many lymphocytes leaving the Woo 
arc recirculated through the lymphatics Considering the several theories rega ng 
the fate of lymphocytes, Ehrlich stated After having been formed in the ym 
phatic tissue, the lymphocyte passes through the lymphatics, and possibly, a m 
through the veins of this ussuc, into the blood stream, where it circulates or 
several hours After this period some leave the blood through the mucous 
brane of the gastrointestinal tract, others, probably the majority, return to 
lymphatic tissue, and in the lymph nodes, also through the pcnphcral 
vessels It is likely that many of these lymphocytes go on and return to the 00 
stream, and in fact this cycle may be repeated several times 

From the Surgical Research Department Jefferson Medical College Philadelphia Petma 
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The results of tvtsuLTS 

roeb'Z ZZ’' ' "" “™^5 “ tall in 

*ccond ° *’'°°d concentrar Phis fall was frequently marked but it no tune did it 

coontj r °t drainage Z h * 'r™pbocytes reached the lowest point generally on the 

lyn,„. 'he blood ivcre com /hereafter either remained the same or increased gradually tlTiere 

tplZZ' “"““"^tion in thTbtwtl”^ 'tie return of the 

tbe 7 c“P preformed ZlZZ P"°P''»''" 'e'els tool place slowle In ctpenment S a 
umber of small lymnb weeks before the fistula was made There was no greater decrease in 

intact f™P oeytes in the blood in this dog than in the other dogs where the spleen was 

^ srudje 

of /"^^Ph draina^£7’^/°““"'”'“’" thoraac duct lymph shows chat where there was ade 
,n^Phocyres passing °'’ 'h‘'d day there was nsnally a drop in the calculated number 

Jmf' °° “nnnJation ”7 'he thoracic duct per unit of time Eipeeimen, . is of particula. 

Jynmb "as f ° d t 'h'^" duct m this dog a profiise flow of lymph and a relatireli low 

Pcno(f°°f c decided to male a dciibOTtc acrempr to obtain a manciuin (low 

O' four hours of fisti,i° draina^ Fluids were admuustcred chicQv tn month Dunn^ th- hy 

^^flouofJjTn more chan 6000 cubic ccnumcrcn of fluid uTrcp^-im Th*maiir'cm 

flow of Jyjnnlf , on this day was 36S cubic ccntirucTcrs Desyre this \rrT 

the thora/' j ^ « “odcrarc drop in the calculated number of Ivmr‘'ix‘>-Tcj rassr-r 
I “ exp^?"" O 

^tionship between th^*^* *officicnc data was available so that ob'crs-ation. co-IJ b- nui 
c rate of flow through the thoracic duct and the hmph to-nr jxr 


Results 


y- fk* 

T" II 
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Table i — Resalit cf Exfmr tnts 






Small 





Erper 


Hemal 

W B C 

ijmpho- 

No of 1 

Lrmnh 

U B C. 

Remarks 


ocril 

(per 

cries 

sped 

low (CC- 

[per cu 

iraent 


rr) 

cu mm ) 

[per cu 

mens I 

per hr ) 

mm.) 






mm ) 






10/14 

40 0 

i6,Soo 

1030 






10/17 

40 0 

S 300 

1466 




Very active. Fladi 


11/13 

35 5 

10 750 

iiS- 





liliy 

38 5 

II Soo 

8S3 




forced. D-ath &. 

X 

FisniU open 11/17 




1 

96 0 

1813 

enrred one day fd 


n/i8 

49 0 

14 500 

loS 

1 

111 7 

1950 

lowing dosurc of 


11/19 

49 0 

19 300 

707 

5 

• 7 =- 5 

XX90 

6srula Tasonotce 


Il/n 

57 0 

=■3.150 

347 

5 

139 0 

S30 

collapse. 


Fistula dosed ii/ix 









1/19 



1.13 






1/10 

44 0 

17 000 

1581 






Fistula open i/xo 




X 

96 0 

8000 



1/-1 

S 3 0 

33 100 

166 

3 

61 S 

6300 



i/n 

53 0 1 4S 100 

67S 

5 

90 0 

3070 



•/ 2-3 

56 0 

31 650 

3-7 

6 

64 0 

1750 

Quiescent. 

4 

1/14 

5 > 5 

43,100 

loSo 

6 

70 1 

3011 



Fistula dosed 1/15 










.48 0 

43 800 

316 






1/16 

34 0 

1. 850 

711 - 






i/j -7 

34 0 

11,350 

617 






j/31 

35 5 

30 coo 

1440 







8/7 

31 0 

10,330 

117S 






8/18 

35 0 

10 830 

1679 






8/19 

X9 0 

XJ.XOO 

1564 






Fistula open 8/19 




I 

66 0 

4x00 



8/xo 

39 ° 

44 . 9 °o 

898 

I 

3 =- 7 

4550 



8/xi 

37 0 

43,000 

645 

I 

iS 8 

6800 



8/xi 

34 0 

18,830 

938 

X 

31 6 

3600 

No attempt ma‘l= ^ 
increase lymph flow 
by forang 6md$. 


8/13 

43 5 

33.400 

1083 

1 

x6 0 

3050 

5 

8/14 

8/15 

43 5 
38 0 

35 400 

38 073 

1770 

857 

X 

1 

xo 6 

XX 0 

3450 

-^67 


8/16 

38 0 

43 . 3=-5 

1146 

X 

5 = 4 

1800 



Fistula dosed 8/x6 









8/17 

38 0 

53.100 

138 






8/18 

30 0 

81.450 

814 






8/30 

31 0 

45.850 

8OX 






9/7 

x6 0 

44 . 55 ° 

1113 







7/17 

5-5 5 

18,300 

813 




No peeoperaave 
counts made, 
blood count - hrs. 
jfeer fiitda F®" 

duced. Occasional 

diarrheal stool^^ 

6 

Fistula open 7/17 
7/18 

7/19 

Hstola dosed 7/10 

35 0 

36 0 

65.700 

68 300 

ZII4 

833 

8 

8 

9 

1 

135 =• 

31 6 
64 1 

3606 

45=-5 

3450 
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TAPlt t -~C<r I •’trJ 




ui 

I*- So 

No of 

I tmpS \\ h C 

I)ilr 

O- 7 


cT irt 

»r<ri 

t jT frr nj 


1 ) 

1 j r-*~ 


r'rr* 

per hr 1 mm i 




r-n 



7 / 1 .} 

33 3 

is 7'" 




7 /-f 

31 0 

'5 dS° 




■*/ 

5 ' 5 

.. *50 




open 7/17 




6 

10 3 3931 

7 /*S 

33 0 

.S .30 


t I 

30 0 3'74 

clojfd ViJ 






7/30 

35 0 

400 

1833 


t 

7/31 

f ^0 0 

30 330 

'735 



S/i 

' 35 0 

3S oco 

I0i|0 



open S/i 

1 



S 

38 61 5578 1 

S/i 

' 35 ° 

fS 900 


3 ' 

33 1 8007 

9/3 

1 ,31 0 

6t Boo 

'55 

ro 

44 0 3748 ' 

Vd 

33 0 

59 Soo 

1076 

10 

57 6' 395 '- ' 

cloied 8/3 1 






S /3 


41 700 




8/6 j 

15 0 

37 900 

47 -t 



8/7 f 

/ 

U 700 1 

867 J 

J 

1 


8/16 

! 

11 800 

'396 j 

( 

' 


(Unnulz acadcnti) rc 
moved 7/15 


rorhal used 


Irmph e„ly „d htc ,n the period of fi.tuU drumige It appard that Ximit^ot'o^f 

the fitttil,, establish^ an inaeaae in the do. of Iy»ph as followed 
“'d was accompanied by an increase in the number of lymphoc^ per « ^ 

tor seseral day* of free drainage, howxsrr an increase in lymp ^ ,1,^ l,uiph flow were al 

oonibcr of lymphocytes per cubic millimeter of lymph It was o serv ^ „ „f ^hc lymphocytes toolc 

^cd to fall to a very loss level after a period of profuse flow a cooOTtra ^ increase 

P*^ for a time but as the flow conunoed to drop the number o ymp ocy u j^phocytes 10 the 

m the lymph flow under these conditions was accompanied by a 1*'””^' ebanees 

y“ph In Ublc a excerpts from the protocol on experiment 8 reveal any apparent 

mean for diflcrcntial counts made on speamens of thoracic na ^ percentage of small 

™nges at first but after several days of drainage there was obnn^a ^ difcrential 

‘rmphocytes Cubic 3) Although the total white cell count in the ympa ,t can be seen from 

Was sometimes higher on the final day of fistula draiiwgc o ^ gjul Jsy 

le I that an average of several counts always revealed a lower to lymph flow had 

f -l^tnage Uc coufts recorded in table 3 were made in the early morning 
“Riniihcd With consequent concentration of the ccIIol*r c emen 

[)j5Cussion' ^ hich 

"Oic creation of a thoracic duct fistula under local animal so 

"^•11 drain continuously for a number of of fistula drainage 

^epared requires almost constant attenuon unng observed connnuousK 

several of the experiments reported the anima ^r^nients, how ever, ob- 

os^cr consecutive 14 hour penods In the majority ^ fisrulae rc- 

'-^ations were m7de over7 16 to 18 hour penod daily as 
•^ined open 
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Table l,- — Exptrtmtnt t Thera ic Dtrt Lymfh 


Dav of fistula 
anloage 

Time 

L>’njnh \olume 
(cc) 

Time 

1 

WBC 
(Per CJUL) 


II 46-1 i6 

16 0 

‘j- 47 

9,900 

1 

I 46-1 16 

13 7 

I ' 4 ^ 

9.450 


1 46-3 i6 1 

7 S 

1 50 

9,600 


3 46-4 16 ^ 

6 4 

3 48 

14.575 


4 46-5 16 ' 

' a 4 

1 4 47 

11,500 


1 3 16 Small dot rcrao\cd from cannula 



5 46-6 16 

3 e 

5 47 

4,600 


6 46-7 16 i 

^ 3 

6 47 

4,900 


1 7 16 Small dot rcmo\cd from cannula 1 



1 7 46-8 i6 1 

1 ° ^ 

1 7 47 

4.700 


S i6 511 cc. 5% glucose in 0.85% saline started I V 

at about 3 34 


CC /minute 





S 4^9 

5 ° 

8 51 

3,850 


9 46-10 16 

IX 0 

9 47 

1 it,i 5 o 


10 46-11 16 

18 0 

XX 00 

11.515 

j 

9 30-10 00 

, 11 6 

9 30 

4,150 

1 

10 00-10 30 

9 7 

10 05 

5,300 


11 00-11 13 

1 1 0 

It 17 

7 , 35 ° 

4 

11 tj jcM cc 5% glucose in 0 83% 

saline given P 0 



ii 45-1 03 

41 0 

1 1^ 48 

3,ICX5 


1 03-1 15 

a -7 5 

1 03 

1 , 55 ° 


Table 3 — Oil Ceunts Tbortru. Duct Lymfb 


Eipcniocnt 

1 

Date 

Total WBC 
(per cu mm ) 

L>TDphoC>’tCl 

Polymorphn- 
nudean (*^)| 

Total 

coontC" 

Small 

Intermediate 

Large ' 


11/17 

1,630 

89 1 

7 7 

7 - 7 

0 4 

110 


ii/ii 

4,630 

71 6 

18 I 

7 5 

I 8 

94 


i/io ! 

7,100 ^ 

83 I 

14 8 

I 5 

0 6 

847 


i/m 

5 f 37 o 

1 

64 3 

It 6 

15 4 

7 7 

636 


8/19 

8 400 

88 7 

10 4 

0 9 

0 0 

518 


8 /a6 

1,630 

71 0 

19 0 

1 0 

7 0 

100 

G 

7/17 

7 - 550 

6t 4 

as 3 

11 0 

1 3 

300 


7/19 

6 000 

50 4 

7-5 6 

18 0 

6 0 

300 

8 

8/1 

4,9°° 

70 0 

14 8 

5 7 . 

! 0 0 

994 


8/4 

5 . 3 °o 

6t 6 

37 7 - 

6 1 

0 0 

45^ 


The problems encountered when using plastic cannulae arc relatively minor an ^ 
in marked contrast to the difficulties encountered when using cannulae ma c 
glass or other nonclot preventing materials Nevertheless, plastic cannulae 
blocked occasionally Factors that predispose to blockage must be care 
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| 0 ] r opraalh tlir ifclu frjtu>T o'” the animal anj conuminacion of thcmouth 
c cannula \sitli ti\ uc (Iuk! tn>m the \%ounJ tlirouqh which the cannula pro- 
^ cs Small clotx in the lannula chouM he watched for and promptlj removed 
^ IS un best he accomplnhe i h\ tw i<itinc a hne wire in the substance of the clot 
^ fnf>ut!i of the cannula If the hmph contains large numbers of red ceils, 
1^* f carls 1'loi.haqc of the cannulae can be annetpated The 

s o eJectroh tes, fat and p-otcin throuqli a contmuoush draining thoraac duct 
stuJa IS of major importance An animal so depleted would soon die unless some 
ort Were made to replace these losses An apempt ss as made to replace the sodium 
^ chlondc loss but no protein or fat s as administered e.\cepcforasniall measured 
*roount of the latter qiscn for the purpose of a fat absorption stud) A detailed 
account of the protein loss in these animals is gi'cn in another paper The protein 
concentration in tlic 1 ) mpii and blood declined stcadih during the penod of fistula 
linage, a fall of i to i 5 grams (xrr cent total protein oscr a period of four to six 
‘^>■5 of fistula drainage was the rule Where done, the albumen-globulin rates re- 
gained the same after depletion but onl) a fess such detcrminanotis were made 
"The drop m the concentration of blood h mphoc) tes after thoraac duct fistulac 
produced IS in accord with the findings of others who have worked woth 
Oracle duct fistulac of short duration Sanders Florc) and Barnes'* and Adams, 
coders and Lassrcncc* showed that a similar fall in the concentration of Ivmpho- 
0 tes in the blood occurred follossing operaaons where no Ipmph fistulac svete 
produced The evidence of Adams, Sanders and LawTcncc is parucularl) convincing 
this point. The cats used in their cxpicnments were anesthetized svith dial an 
werhanc intrapcntoncall) The effects on the blood lymphocyte levels of the ano- 
ctjc agents and their mode of administration should probabl) also be chec 
S‘ncc the drop in the blood ly mphoc) tes in our expenments followed cannulaaon 

° thoracic duct under local anesthesia 
The finding of a decreased lymphocj tc output after several days of continuous 
Il^ph drainage is of considerable interest If there is an appreciable 

o ymphocytes the failure of many millions of these cells to tea ' j ° nn rh^ 

a tune cause a fall in lyunphocytc output through the thoracic duct 
other hand, a decreased lymphocyte produenon, in response perhaps to^c ^c- 
^«itng experimental conditiL, would hkewise cause a drop in 

We have presented no conclusive evidence one way or c o ct 
R emonstrated by Rous« and by Dnnkcr*» that there arc m Ij^P J) 

^Ph nodes which, under cLdiuoos of normal lymph do net 
J=rent lymphaucs With an increased flow of lymph through ^e ^ 

A i*^ ^ sharp increase in the number of lymphocytes ^ nodes it 

f diough thiTindicates that there is a surplus of 
fl'^es no indication whether these cells were formed in the n 
^mved there after having first cuculated through the o ^vhich mas in 

expenments of several days duraaon there arc depressant effect on 

“cnee lymphocyte production Starvation, known to a incardios loJacL- 
^^Phoid tissue, may have been a factor in these p^nipi 

=°°.»tnamtion results in a charactensne atrophy of lymphoid nssue witn p F 



1344 


EXPERIMENTAL THORACIC DUCT HSTUI^ 


recovery accompanying refecding He states that Ijmphoid tissue is particular!) 
sensitive to fat deficient diets In our experiments no protein and a negligible 
amount of fat was given dunng the period of fistula drainage, although all dogs 
received glucose or sucrose from which fat ma) have been formed ” The amount 
of sugar given vaned from the equivalent of 15 calories per kilograms per day in 
experiment 8, to 50 plus calories per kilogram per day in experiment 2. Someoftbe 
carbohydrate given was undoubtedly lost through the fistulae During the period 
of fistula drainage there was a rapid and usually appreaablc fall in the protein 
concentration of both serum and lymph in all of these experiments “Jolly” ob- 
served an appreciable loss of weight in the cervical and popliteal lymph nodes, as 
well as in other lymphoid structures, of two dogs starved for six and seven days 
In two of our experiments, z and 4, one popliteal node was removed under local 
anesthesia at the time that the thoracic duct fistulae were produced and the op- 
posite popliteal node was removed, under local anesthesia, just after the fistula 
closed There was a loss of weight in the nodes removed after fistula drainage that 
averaged 113 5 milligrams for the 1 animals This was compared with the average 
difference in weight of 4a 5 milligrams, with a maximum difference of 90 5 milli 
grams between the two popliteal nodes in 8 control amraals sacrificed for other 
reasons Microscopic sections of the glands in the z fistula dogs did not show any 
characteristic changes in the nodes removed after fistula drainage It was notpos 
sible to correlate the decrease in lymphocyte output through the thoraac duct 
with the histologic findings in the popliteal nodes * 

An increase in the blood leukocyte level accompanying the production of thoracic 
duct fistulae has been observed by Adams et al ‘ and others With regard to the 
lyrmphopienia that usually accompanies a blood leukocytosis,* it is intcrcsung to 
note (table rj that the rise in leukocytes preceded any significant fall m the lym 
phocyte output through the thoraac duct fistula 
The sigmficance of the changes in the percentage of the various sized lymphocytes 
in thoracic lymph (table 3), after several days of fistula drainage, is not clear 
Wiseman'* states that size is not strictly a funcuon of age in lymphocytes 
He regards the degree of basophilic staining of the cytoplasm as the more evident 
and reliable indication of the youth of the cells In our experiments there ap- 
peared to be after several days of fistula drainage an increase in the percentage 0 
cells showing a deeply basophilic cytoplasm From the observations made y 
Wiseman, these findings might be interpreted as indicating that the drop m lyffl 
phocyte output through the fistula was at the expense of the older, less basophihc, 
cells 


Summary 


Thoraac duct fistulae in dogs created under local anesthesia and draining con 
tinuously from two to eight days have been utilized for the study of lymphocytt 
output Too few observations have been made for them to be statistically sig 


* The authors would lite to cipteit their appfcciaaon to Dr Jojeph Fcldmin xoJ Dr Henry no ^ 
of the Department of Pathology Yale Uoivctjity School of Medicine for the hutologic cxaimnatioii 
the lymph node jcctions 
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It )i rcjli'cJ tliji jftcf 'r'cfjl >Ij>' of drainage, factors other than the 
simple loss of h mp'iott tc-v tlirourh the tliorac/c Juct fistula ma) have influenced 
the I'inphocvtc output Tlic ncsc sits fo' tal me into consideration the may fac- 
ters sshich max innucnsc 1\ nphocs tr outp it in the c\ aluition of the cfTcct of aay 
smple facto- js cmphasi— d 

to SOUUJX.MOCT 

Th n,tho-( Mojli life to cjpe > ihnr utioi to I> John H Gibbon Jr and to Dr Ccci 
f^irLcr fo- tScif bcjf^ul tucc-mo-t ir the arsonfli ht—nr of this tsnrl. 


FOTJCNCCS 

■Cats J C G.tiouir j If IWm J L Ftocs F U .spNW F C L,mph front Ii.crdna 
An tjpraimcotJl ituJt Sjrr Gir-c A OSu ff 559 '9r _ I E 

’Gu^-v U U L. Ot-^s Fscc F \ («.!--<>- F Hor^s O 

Eipenmottal thoracic duct fotala Ob -tationt 01 the t-thniquc the absorption 
front the intcitinei and poicin dcfiletim Surp Gtn-c A. Obst /f loo-ioS rj49 

• lorror J M \ ariation m l}mphoc)ic [toJacaan J Anar a 5^ t^nhJ^cs from the tboraac 
Sa-v-Dtau A G Fioarr, H U a-.d pAasn J M The output of Ipinpnocyt 

duct in cats and rabbits Utii J Crp Path at x5-t inclodiite stndics 

* Adams, U’ S Saus-diu R H AvoLsssarr et J S Output of lyntphoota 

on thoeactc duct l,mph and peripheral Wood Am J^>"°'^^^^]rsbatnBgontbepob- 
Yontr J ht AVnOaiNicn. C K The cell eontettt of peripbo-al 1/®?“ 
lent of the circulation of the limphoes re Anar Rec ra 4>7 >959 , hjesr Yort Acad 

’Eaator.W E -nte role of the hrnphocjre ,n the eiteulation of the lymph Attn Netr 

Sc 81 J ig <6 ,«>daction of Irmphoeytosu J 
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THE EFFECTS OF ROENTGEN RAYS ON THE INFLAMMATORY CELLS OF 
THE MOUSE AND RABBIT 


By William A Townsend, M D , and Berry Campbell, Ph D 

R oentgen rays have been used regular)) b) radiologists'”” for the treat 
. ment of a large variety of inflammator) conditions, but e\pcrimental mor 
phologic studies, as shown below, ha\c rcicalcd no reliable esidcnce to explain 
why roentgen rays should be of saluc We undertook this problem to determine 
whether morphologic alterations of the inflammator) cycle could be induced by a 
variety of roentgen ray doses applied at times before and after inciting an inflam- 
matory reaction in mice and rabbits Our quantities and times of irradiation include 
and extend beyond those used by most earlier workers 
Sturges and Levin” were the first to study the effects of roentgen rays on leuko- 
cytes they defined as inflammatory They found that either intravenous yeast emul 
Sion in)ections or roentgen rays, when applied separately, caused a depression of 
the lymphocytes in the circulating blood of frogs, whereas roentgen rays supenm 
posed on the effect of yeast emulsion had no additional action They concluded 
that if the leukocytes remaining after administration of yeast emulsion were in- 
flammatory cells, then inflammatory cells wxre radioresistant 
The radiorcsistance of inflammatory cells was further supported by Maxiraow" 
who heavily irradiated inflammatory sites locally in the subcutaneous ussue of 
rabbits The earliest examination was made eleven days following irradiation when 
the inflammatory site contained only Icukocy tes and polyblasts in a gelatinous 
fibrin substance The fibrocytes had been destroyed as well as collagenous fibers, so 
It was concluded that either leukocytes and macrophages were extremely radio- 
resistant or that the initial infiltration had been destroyed and replaced by a second 
ary infiltration 

Soto, Brunschwig, and Shultz'* produced subcutaneous abscesses in rabbits with 
a variety of bacteria and with croton oil The animals were given whole body 
irradiation at intervals of iq hours before in[ection and immediately, 5 hours, 14 
hours, and 7 days following in/ection of the irritant The dose applied was 600 r 
Cioo KV , 2.5 ma , 50 cm focal distance, i nun Cu plus i mm A 1 filter) The abscesses 
were mainly observed grossly but some were observed histologically In neither 
case was any specific evidence found which indicated roentgen rays were of value 
climcally or the cause of histologic changes 
Hayer'^ locally irradiated (600 r) an area on a dog s thigh immediately follow- 
ing the subcutaneous injection of turpentine and observed that the abscess e- 
vclopcd as in the normal animal A similar observation was made following loca 
irradiation of the spleen, but whole body irradiation markedly inhibited absew 
development until a later period The reason for these results was thought to be 
the leukopema following whole body irradiation ^ 

A number of authors have observed that roentgen rays decreased the number o 
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' 7vm <i I, 


'*'!) ni rri c^M^IlrLL 


' 34 / 


^uturc. ,n mdimmation induced bj 

numk-, 7 ;;,; V oPpuinc. pigs .nd reported a 

■f^i-Ji^tion 77i,s drircav- sw ' ( four hours PoWing 

? , "''’ '"; fo"' 

' rcsuli uvu.rmc ] T" T""'"' 

'ccfinic MiscJiurJicnlo ' 1 "i “ "ho employed a simiJar 

smears ts\o three an ( f <•<> ''(>').crs csamincd inflammatory exudate 

^ots sites in "’*h>'sing irr idiation of staphlococcic inflamma- 


"eJI 


’ an incrral'eTni^''^' 'hat an increised leukocytic destruction as 

An increased I I ^ " '' s-^nsed hv irradiation 

foJIouinp irraJiaT infiltration wis found b> Buhtz iisithin a few hours 

had his conclusin ^ *' I'abbits prepireJ as Puhase had done previously Buhtz 
^ increased neut ” hv Tanncnlvcrg and Bayer “ Poumeau Delille^ found 

i^avs follo;sjjj nop 11 ic infiltration into rabbits subcutaneous tissues within two 
fliin ravs than aseptic abscesses with smaller doses of roent- 

^atter author r ^ pi'ccedinp authors Doses over 150 r were said by the 

ihatroentpen 'ii decreased infiltration Burnet de Rochebrunc-i reported 

dation wherea^^^'^ imposed upon formic acid on a rabbit s sLin resulted m an eru- 
^uparately ”^'^hcf roentgen rays nor formic acid had this effect when applied 

in the subcutaneous experimental inflammation 

^hctitncse Pi’^dnced by an injected inflammatory agent A clear dcscnption of 
the rahb^^^‘^ cytogenic development of the acutelv inflamed areolar tissue 

Cure on the^^ ^ contributed by kolouch For a review of the carber litcra- 

the aforem*^ ^mmatory article, reference is made to the elaborate discussion in 
studied th P^Per, and to the textbook ofMaximowand Bloom “ Kolouch 

loose con ^ ^mmatory cycle of rabbits and introduced the Romanowsky-stained 
"^1* tech cissuc spread which was employed by the authors of this paper 

cells m the he described below, aJlowcd the direct companson of 
The n ^ ‘^°”iicccivc tissue with those of the blood smears and splenic imprints 
ififfcrcnt of the vanous inflammatory tells has varied in the past with 

as posstb]'^^ 1,°^ shall attempt to follow Maximow s nomenclature as closely 
and rest convenience suggests certain modifications The terms ameboid 

^nown "^^ndenng cell have been used for the resident tissue cells which arc 
Cate the as dasmatocytes, histiocytes, tissue macrophages, etc To indi- 

Che j^'^'^°™c)rphic line from the ly mphocyte to macrophage we have introduced 
ffffcstion of Bloom, the new term intermediate polyblast 


MATERIAtS AND METHODS 

composed of egg albomm into svhich » small arooodc of mdu ml as a marie 
Icctcd m CT7 mate the lodaramarorg cycle in the mice and rabbits This imraot s\as in 

*f^omcn A ^ ^ iTUanncics into the loose subcutaneous connective tissue on the literal parr o 
'*b With ui)ection svas made into each of the mice svhich iverc then Ullcdat apprope ate in rg 

'"hi (see "cce used in experiments to standardly the mSammaton cre/e p~pa a 

aninia)”'^^ rabbits svcrc similarly treated except that severe inflammarorr sites svee na-- 
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According to the technic introduced by kolouch the loose subcutaneous connectisr tissue of the 
inflimmatoiy site svjs remosed placed on a clean glass slide and spread, rapidly air dned and turned 
svith Wngbt Gierasa 

The mice svere given whole body irradiation 10 groups of three or more in a small cardboard box 
The animals svere irradiated svith a 7 ma superficial therapj machine set at looKV craittmg too stm 
roentgens in i j minutes svith no fitter and a 50 cm focal distance The doses varied from 1.5 r to ito r 
to the svhole bod) svhich was applied at sartous times preceding and follossung the injection of the 
irriunt A toul of 150 mice svere irradiated in these experiments 
The rabbits to be locall) irradiated were injected ssith a similar imunt in tss-o sites one on either side 
of the abdomen The tissues svere remosed and prepared b) the method of Kolouch after the rabbits had 
been killed at approprute times by injected air Tssent) four hours follosving injection of the imtant 
the rabbits were irraduted on one side only under intrasenous Nembuul anesthesia Localuaaon svas 
svas accomplished by means of a cone three centimeters in diameter having a 15 5 cm focal distance The 
roentgen rays were produced b) a 7 ma sup*rfiaal therapy machine set at too KV which emitted 170 air 
roentgens per minute ssith 1 z mm of aluminum 61 ter 

Five rabbits ssere given whole bod) irradiation with the same machine similarly hitcred but emitung 
roentgen rays at the rate of 64 8 r per minute ssith the focal distance raised to 3) cm Four sites were 
mjected on each rabbit s abdomen for the purpose of stud) ing morphologic variations between the 
various inflammator) sites 

Eight rabbits were given whole bod) irradiauon with a ij ma deep therapy machine set at uo KV 
which emitted 106 r per minute with 1 mm of copper plus z mm of tin filter at a 33 cm focal dis- 
tance The half value la)er svas i 35 mm of copper Four sites were also injected in each animal of this 
senes 

The Inflammatory Cycle of the Mouse 
As previous literature has not described the normal cycle of inflammation in the 
mouse as revealed by this method, we present the following observations as a neces 
sary basis for the irradiation expenments The fibrocytes (fig 0 0 ^ this species dif 
fer from those described by Maximow in the human connective tissue in hasting a 
larger number of distinct chromatin clumps in an otherwise fine reucular chromatin 
pattern The fibrocyte nuclei arc the largest and palest staimng in the connective 
tissue and are round or oval in outline The indistinctly delimited cytoplasm is 
slightly basophilic and more homogeneous than that of the wandenng cells The 
fibrocyte cytoplasm occasionally contains india ink but no other particles 
The wandering cells (fig i) differ from the fibrocytes in having smaller, more 
deeply staimng nuclei with a heavier, denser chromaun network, the cytoplasm 
being more basophilic, granular, and vacuolated The cytoplasm has a distinct 
boundary in the ameboid wandering cells and is indisunct in the fixed wandenng 
cells Some of the wandering cells begin phagocytosis in the inflammatory site 
within one hour These resident phagocytes give nsc to large histogenous macr(> 
phages by gradual transmonal forms which show increasing cytoplasmic an 
nuclear volume As the nuclear volume increases, the chromatin blends into e 
parachromatin until frequently the nucleus appears homogeneous This cell is re a- 
tively more frequent in the earlier hours and is considerably less frequent af^ t c 
first day of the inflammatory cycle Kolouch called this cell the aenvated c as 
matocyte 

The lymphocytes of the mouse are morphologically similar to those in the u 
man The nuclei are either round or indented, with chromatin clumps which cn 
into the parachromatin The scanty cytoplasm is deeply basophilic and occasion 
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^ 1,''* ‘ ' 'cs and inccrmcdiatc 

The hn'p* 7 (i^( ' *'' '■’"' 'h- nd nul i(innccti\c tissue 

^-nes\ ithinfol'Iu, ' ” ''' " " ' '*'* sue about the capii- 

'^thin t\\e)\c Ijf, ] ^ ‘ ‘ 'he irritant an 1 lar;;c numbers are present 

' « *ccn throurhn^ 'hrainm ^ c.i" 'ars to the hcaw initial immigration, 

the initiaj infihrj ’ i'^ '' *’! '•tnaiion Within two hours after 

^^ear and cs tori'"*''” ' tes were acquiring an increased nn- 

‘^e'clopmcnt ifi '‘’hiwe nliuh charatrerred carls intermediate poI)blast 

Umphocste to "f mllaniniaton sue the esolution of the nuclei of the 

could h; follov'^i *' '""•tf’cdiate pol\ blast and finalh to the macrophage 
Borins strands and ^ ‘JctaiJ The clumped chromatin of the lymphocyte 
sescraj disf.- f’'''t‘^tialh sill erentiatcs into a heass reticular pattern containing 
pt’I) blast chrmn ^ ' '^*^°ciatcd withthcformationofthe 

^cqutrea lid T’^tttrrn \ as i tendenc} for man) intermediate pol) blasts to 

thatofthc I nucleus (fiqs q and 5) As the chromatin became more like 

rophap<./-g| cell, the nucleus filled out to the round nucleus of the mac- 

“^^with tb ^*bc)topIasm and nucleus increased insolumcduringrhisproc- 

This basophil ic and more granular and spongiofonn 

hour hours niacrophage was completed in some cells within twenty- 

cbecontin to be from those lymphocytes first infiltraang Due to 

^ seen ud”** '"hitration of 1) mphoo tes (fig 6) a complete transmonal scries could 
''■eloptnfJf hours The intermediate polyblasts even in the earl) stages of dc- 

AlchouElTr'^! ^ capable of phagoc) tosis 

“ccasionaf I niajorit) of ly mphocy tes formed intermediate polyblascs, an 

The dee P^phocy tc undenvent nuclear and cellular pyJcnosis and fragmentanon 

^ discus identical with the degeneration of lymphocytes in the spleen 

Cells res ^ hi^ Rarely a py knotic or fragmented nucleus could be found in 

“^egenerat*” •ntcrmcdiatc poly blasts or macrophages More rarely these 

The fih ^ contained phagocy tosed tnatcnal 
cspcciall 'vcrc seen in mitosis in both the control and inflamed tissues, and 

polvbl, 5 stages of inflammation Rarely macrophages or intermediate 

•ph "’cre found in mitosis 

°0c or of the mouse differed from those found in the human in having 

*n thr- ^obes which formed a closed ring A study of neutrophil development 

indicated that the single lobed, thick nnged nuc ei were 

^nthern.^ ^ ®*^ltilobcd nuclei The single lobcd cell was espea y prominent 

•£>£ th *°^^cration of neutrophils which had begun within one one o 

fra ' of the irritant Large numbers of neutrophils underwent celluhr 

^ours L) nnd were ingested by histogenous macrophages wi 

tionoc As in the case of the lyunphocy tes, secondan 1 

In the throughout the penod of observation The ncutrop 1 ■were 

normal tissue in about the same frequency as the lyiopbocyw 
filled tissue of the mouse also contains mast (fig ic) c s w 

'^'th mctachromatic granules which obscure the nucleus The ennre cell is 




° ^ ussuc spread from the mouse normal tissue showmp fibrot^tes (a) and wander 

ing^I, Cb) :,nd a mast cell (c) Wnght-G.cmsa, X 600 

o 1 Connective tissue spread from the mouse inflamed ussuc showing neutrophilic infiltration 
and degeneration 4 hours after in|ection of the itntant (a) nentrophU ssith a thick ring nneletis (b) 
pol^orphonuclcar cell (c) pyknotic nentrophU Wright-Gicmsa X 600 

0 3 Oinnccavc tissue spread from the monsc inflamed tissue showing lymphocpnc infiltratinn 
development (b) ju; hours foUowing onjecuon of the nntant. 

4 —Connective tissue spread from the mouse inflamed ussuc showing typical intermedute 
po yblast d^opment 14 hours after in)ccuon of the irritant Wnght-Gicmsa X 600 

10 5 — Connccuvc tissnc spread from the mouse inflamed ussuc showing intermediate polyWast 
cvclo^cnt and secondary neutrophUic infiltrauon foor hours after injccuon of the irritant (a) lympho- 
cyte fb) early intermediate polyblast, (c) late intcnncdiatc polyblast (d) inacuve macrophage CO 
acuve macrophage (f) degenerate lymphocyte Wnght-Gicmsa X 600 

10 6— Connccuvc ussne spread from the monsc inflamed Ussuc showing a secondary mfiittaaoo 
ot l^phocytes and nentrophUs 84 hours followmg injecnon of the imtant The smaU dark granules 
»rc from a mptnred mast cell Wnght-Gicmsa X 600 
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'^''T’lolor no spcc/fic 

'n the inla>-ini ‘nn th- irjO^f,,, ,j{,, , nilr^lthnuph sc\cra) wcrcrupturcd 

' ' 'He with (ifi - ion "<ji cut 'uttcrinc of the granules 

rrrr^ nj Irrii>M7io os Kti i tviiTon Cictr or Mouse 
'ri^ -1 ffr -t 

'fol 'cncs sho\ ' t ' t’tt! r ; n Jtfe ef tie /rouse As chc con- 

ircolar tijsuc' ^ tojxinial h niphoct tic infiltration in the inflamed 

otJchli TT, ^ J at twcKc hour' this p'cpiration was studied most thor- 

numSer of 1 animators idl p^ipulation at this stacc, in addition to the large 
^^'■c difT '^r^'oestes, consi'ti o' insasne neutrophils, cf J)’mphocj tes which 
Thus th ""o intermediate ptis Masts and of histogcnous macrophages 

Jrr^ji'^"'‘'“‘."ron each o' these cell sarieties mas he determined 


intermcd^'°^ '' I'our inllamniators site produced sacuolation in the 

of thr- Masts \ itli dosatjes of _so r to sco r TTiroughout 


.50 r to 5CO r TTiroughout the cytoplasm 
n^'acuol upr^nfcd large numbers of small clear sacuoles A similar type 

, c IS Sen occasionalls seen in the normal cell hut neser in anj large num- 


r , -- j s.i >0 

°J"’cafrecteJ cells 
^'^cuole.ssen o 

5^ p > seen III me normal ten nui iit>ci uj mu / 

^ours j ^ appearance of the intermediate pol) blast twenty-four 


^ ' Jcuolcs at these dosages ucrc observed to appear 

"> the 1 ^ 'tiach their greatest frequenej at twenty-four hours, and decrease 

*nd h ssould seem then that they represent a resersiblc alteration 

fta'e been diflercntiatcd from the frank degenerative changes 
thjcj- J^aryorhcxis, chromatolysis, and irregularity of nuclear outline 

reccivi to sacuolation, at doses of 700 rot more The preparations 

Polybl*^^ r and 1600 r showed extensive degeneration of the intermediate 

of , ^’’'"^y-Tour hours (fig 8) This resulted in a decrease in the number 

minatory cells relative to the fibroblasts in the tissue spreads 
j®**^°ph 2 gcs showed a greater resistance to the irradiation than did them 
900 rut, ^ if Vacuolation similar to that described above, appear at 

inthii ''S^''^tation showing at ixoo r and more Cfi^ 9) though dificrcntiation 
PhauM.^f-^'^ ^ made between the hematogenous and the histogcnous macro- 

bc ar '’^^quently the relative radiosensitivitics of these two cell lines cannot 
xvjjjj ^^®*ncd Evidence presented below indicated that up to itoo r, 
cring cells of the tissue arc unaffected 
those '*^*'^*^ t" the number of lymphocy tes and neutrophils became apparen 
Iji ^‘y^tations which had received 900 r and larger doses 

of ability of the inflammatory cells to localize the irnt^t vj evidtmt j 

for -posed to doses higher than 700 r TTeindia.uk ^ 

Posures spread out over a larger area following « (jje fibre- 

Werer these usually inactive cells were activated y .~Tiblcmatic 

esponding to lack of compcution of the normal scavcngcrce ‘ ^ 

^ W, - . . . P". In this senes <’“!> do«S“° 

same nature as those described in the 


Or “^tattan of the four hour tt/flammatory site 
ijrfB,„ tested The effects were of the sa 


prcvjo inc enccts were 01 tne saiui. 

us section though of lesser seventy ,A,,rr/T tre'eJwc 

^ of the tnfiammutory stte at the nme of mjeettou ‘r St or ^ 
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EFFECTS OF ROENTGEN RAIS ON INFLAMMATORI CELLS 


the time of injection Low dosages in this series produced no alteration of the inflam 
matory site At iloo r doses, no degeneration of macrophages of tissue origin or of 
intermediate poly blasts was seen (fig lo) A normal infiltration of both lympho 
cytes and neutrophils was found up to twenty -four hours with a decrease noticeable 



Fio 7 — Connective tissue spread from a mouse inflamed tissue shosving vacuolation twenty our 
hours follosving irradiation with 400 r (a) vacuolated intermediate polj blast 0>) nonvacuolited mt» 
mediate polyblast (c) degenerate lymphocyte of tjpe seen m nonirradiatcd inflammation dK ^ 
Giemsa X 600 

Fio 8 — Connective tissue spread from a mouse inflamed tissue showing marLcd vacuolation 
marked degeneration twenty four hours following irradiation uith laoor Wright Gicmsa X 600 
Fio 9 — Connective tissue spread from a mouse inflamed tissue showing india ink in fibrocyccs ^ 
lowing destruction of many macrophages yz hours after irradiation with iico r Wnght-Gicmsi 
600 ^ 

Fio 10 — Connccuvc tissue spread from a mouse inflamed irradiated tissue shows normal 
of mtcrmediatc polyblasts nvent) four hours followzng irradiation ^vith izoo r immediately 
jcction of the irritant X 600 

in the later stages As a severe leukopenia was noted in the arculanng blood in l«s 
than twenty-four hours, normal infiltration at this stage seemed the more 
able It was further nouced that the cells derived from the invading lymp 
did not undergo degeneration as in the other experiments where the inflarninatoo 
site was irradiated after they had invaded the nssues A plausible cxplanauon 
the greater resistance, under these circumstances, of the infiltraung lymp / ^ 
and their derivatives, the intermediate polyblasts and hematogenous raacrop 
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I tvc h ,’i. \ !i. i jlrcj !\ I'-cn JcurovcJ in the 

Hooi jri nK the ""o c rr^ ' - * ] ^ * t I'lH ^ 

'^0 ion }ic Im! ^ j ' r jv ii| *ut'c‘i \ •i'* "'Cen ^^ ith cliche massi\c 

initotirr the hn h ^ j\,- c » ' thi^ *'*1! jv 

-i Lf jt f ; - / f -r r ft/ tr Three micc onI> were 

•^>1 in this prt a' tlic cip iti -nt <'i- fc c-^ii of the pcriois The) sserc killed 
cni\ fojr hours jfier tlie irriutit \ - iiij' ted ■Ml showed a prcatl) decrease 
W’^OCMIC inliliraiio) an I wa sits n' intermediate rolshUsts The histogcno^ 
nJcrophaces \ ere pcs-nt in no tu! numi' s and consequent!) outnumbered t c 
ematoqcnous inflamnuto \ cells a mini' aal rchtionship " hich is the resersc o 
•hat seen in the emt'oK \ slirht inltltration of h mphoes tes was present 
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TV OF THE 

Effects of Irradiation on Inflammatory yc f,{,it3 were 

I Local inadtatton ou the tnjlammatoiy cells »« rabbits Twe / dosages 

•rradiatcd locally on the twenty-fourth hour following t e m ^ hours 

•^nging from 8o r to looo r Examination was made at interva £Q^JJtI w ith rc- 

0 ^ing the irradiation and no deviation from the contro jnflainmator) 

morphology or the numeri^ f'^ent^four hours before the 
In addition one rabbit was exposed to looo control was 

•njcction and examined twenty-four hours later No eviati 

m u Twelve rabbits were given 

, u P‘ of leneral body irradiation on the ranging from 5 

ole body irradiation at joo r or 1000 r and a markedly re- 

to 96 hours Of 5 animals given icx» r (at aw KV;, 4 l,„ko- 

'i'lted infiltration of leukocytes In the fifth only a modcr of the m 

infiltration was seen In all of the experiments, no 
mniatory, or tissue cells were observed 

mmator) C) cle at an\ 

Our experiments did not reveal any acccleraaon of ^^^-h a phenomenon if 

°*®6c, though they were spcafically designed for 
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EFFECTS OF ROE^^■OE^^ RAYS ON INFLAMMATORY CELLS 


It should exist No effects of an) Lind were observed at dosages below 150 r in di: 
mouse or 1000 r in the rabbit General bod) irradiation prior to the setting up of 
the inflammatory c)cle decreased the infiltration of neutrophils and l)mphoc7ics 
in dosages of 700 r or more in mice, and 1000 r in rabbits Our evidence would in 
dicate that the decreased infiltration is for the most part a reflection of the pro- 
found leukopenia induced Local irradiation in the rabbits produced no such cfica 

A striking resistance of all the inflammator) cells was noticed The l)inphocytcs 
in the tissues showed no degeneratisc changes, indicating a great radiorcsistancc 
in contrast to those obsened in the hematopoietic organs but in agreement with 
expenments on blood * The intermediate pol) blast, which proved to be the most 
easil) affected of the inflammator) cell population, showed no strucniral abuor 
malities, under the conditions of the experiment, in response to doses of less than 
2.50 r and exhibited frankl) degeneratiie phenomena at irradiations of 700101 
more It was apparent that the macrophages of tissue origin (as well as their pre 
cursors, the wandering cells) arc more radioresistant than at least some of the 
macrophages developing from lymphoc)tcs Large doses (1100 r) gi\en at a tune 
preceding the inflammatory stimulus resulted in no degenerative phenomena in 
these cells following the onset of the inflammator) c)clc Degeneration did occur 
in macrophages when irradiation at this dosage W'as performed rwent) -four hours 
following the in)cction of the inflammator) agent With 900 r, sacuolation could 
be observed in macrophages in those sites irradiated after the formation of the I)"® 
phocyte derivatives No degenerative phenomena were observed in the infiltrating 
lymphoc)rtes at the greatest dosage (tioo r) Neutrophils which had insaded the 
inflammatory site likewise proved resistant to all doses studied 

In our results, there is nothing to correlate with the conclusions of man) cliw 
Clans that roentgen therapy is of great value in a number of inflammatory condi 
tions It IS pKissiblc that a stud) similar to this on septic inflammauon, or even the 
inclusion of the late stages would have made our results more confluent with pre 
vious literature We wonder, though, whether the phenomenon of decreased m 
filtration which we observed in response to massive w’holc bod) exposure has been 
misinterpreted by some who were looking for an acceleration of the inflammatory 
cycle by x-rays 

Our study of the inflammatory cycle in the mouse substantiates the study by Kol 
ouch in the rabbit The neutrophils began invasion of the inflammatory site within 
one hour following injection of the imtant and reached a maximum within four to 
SIX hours They qmckly underwent degeneration and were ingested by the macro- 
phages Lymphocyac infiltration occurred within four hours after the injection 0 
the imtant and immediately or very shortly afterwards began a transformation 
into intermediate polyblasts The maximum number of lymphocytes was foun 
in the tissues within twelve hours following injection of the imtant Koloucn 
paper dealt with the sequence of cell types and not quanutatively with the pop 
tions Our findings on the variability of the secondary infiltrations of both gran 
cytes and lymphocytes indicate that a large number of preparations arc necessary 
in order to deal adequately with the latter question 
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1 \n 4nrIcrRtii' i ol loll Jillc i ii i iln'ii of ific inllaniniaforT c)clc is induced b) 
Treatment with rixriitrii) ras'- . 

- The dcircaved inlihratioii of ilic mil unnutors site caused b> massne whole- 
bodi cxpisMircs K-forc the itillaniinatHin w is set up or carls in the cjcle is uc to 
the IcuLopcnia induced in the Linulatiiir Mood 

5 Of the inllaniiiiators iclls of the mouse the intermediate pol) blast (a )mp o- 

cs til. dens atisc isrelatisels tlie most radioscnsitisc ssith structura a norma lUcs 

noticeable follnuinn .VJ r 1 he in icro| luces derised from the intermediate po )- 
blists show alterations follow ini. doses of 700 r or more Wandering c ’ , 

Cenous macrophaccs inliltrTtinc iMiiphiKs ics md neutrophils s oss no 

logic abnormalities folloss lilt, doses as high as i_oo r is 

■f Tile ahihts of the tissue to present the spread of the inflammat r) g 
decreased follnssing dosaqes of 70Q r or more , those 

5 The inflammitors cells of the rabbit ire markcdl) more resis 
of the mouse 
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B^QELIS LACn^; dokner ku^ponse axd clinical anti- 

PERVICIOL'^ ANEMIA ACTIA m OE LI\ ER EXTRACTS 
AA’iLrctn F \A inTr M S , Jons R Moti M D , asp Ed\ms E Hais, Ph D 


S INCE the isolation o'’ Mtimin P in crtstalline form uas announced in this 
countn,' sescral inscstipators hate puhlished the results of clinical studies 
With the pure material on pernicious anemia patients These studies, tshile incom- 
pEtc, lease little room for doubt that sitamin Pi is a potent anti-pernicious 
»Bemia factor Allosstnq for inJisidual sanation of patients, the responses have 
proportional to the amounts of Mtimin Bi used and in turn proportiona to 
the microbiologic actisit) as measured b> IjrctobactUus lactts Dorner Thus, e 
picture ssith regard to clinical response to pure sitamin Bi is rapidl) ^coming 
clear Hosvescr, in siess of the obseneJ sside sanation in the Uctobacllus laats 
l^tncr potenc) exhibited b) commercial parenteral liser extracts,* vve have leJt 
the need for an inscstigation of the relationship betssecn the microbiolog^ic rc- 
^nse obtained svith this micro-organism and the clinical response to or ora 
^*1 parenteral liscr extracts », s, „ -can. 

We base accumulated assas data on 69 pernicious anemia cases in ss 
et) of Ever extract preparations svere used The preparations svCTe prepare 
«veral different methods, but each svas carefull) assayed 
“cans of the Uctobacllus locus Dorner organism We believe that the data aci^u- 
*tte<i are sufficiently pjcrtincnt to justify publication of these pre iminarj 

W«* The umplw on be classified as foJlotvs (s) Eapenmenul 

^ ' liver fraaions including the sapemacaac of autoljicd whole livCTS^e^^^ parenteral 

70 per cent alcohol soluble fractions of aqueous liver extract expro | L„i inlublc fraction 

“'nnons in the P units per cc class.ficauon made from the 70 d«ss 

**f'*Wm' liver extract (3) experimental refined parenteral solntions in e for oral admmiscra 

^Uon and prepared bp several different cxpenraental poccsscs The ,rcek and 

TO Were given in three eqnaldailp doses The crude P"***'*^*^ every fourteen daps 

®orc highly refined concentrates were given bp a single parent mj therapy or were 

1 All $nb|cct5 tested w ere anemic either as a resu to g,. arsenic for the 

i^pse due to a lapse in treatment The latter group of panents had not . Before fiver 

recommended bp the Ann Pernicious Anemia Board of e „.cliarirc was satisfied that the 
^P 7 was started each patient was hospitaliacd until the physician Bospitafiaacion was 

snosis of Addisonian pemiaous anemia was correct In all but on or ^ conemned 

at least until t^d of the second wecit of treatment In many mstanecs 
ongh the third week r Mr I F Roland tn our Nutntion 

Tes, This wort was done under the supervision ol W J ^ Sj,orb * using a 
The Laacb^lt^ loats Dorner organism was handled P n^r future The results hare 

^tJl^cubation period f Details of the method wdl be ^ shed m the near ^ 

^ ^ — ^ ThZAraoffljboratoncs Chicago III 

^om the Chemical Research and Development Department ^ic 
3 ‘"Tics referred to in this pap-r were prepared from pork 
tNo enaynutic release of Ua.h^.Ilu Icctu Dorner activity was attemp 
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LACTOnACILLUS LACTIS DORSCR R13P0SS1, AND UVTR ETTRACT 


tlic U S Pharmacopocn* as being important in esaluating the adu-pcrniaoas 
anemia potcnc) of liscr extract preparations 
The data presented in table i and summarized in table i suggest the follcwing 
conclusions 

I From the limited scries of eases reported upon experimental oral liver prepara 
tions, It appears that bcmccn 5,000,000 and 6,000,000 LLD units over a fourteen 
daj period (350,000 10^50,000 LLX) units dailj) in the form of liver extract appear 
to be required to obtain an optimal hematologic, neurologic and general clinical 
response in cases of pernicious anemia This amount of LLD activit) appears to be 
required regardless of the manner in which the liver extract preparation is treated 
during processing 

i Although the senes of cases reported using various expcnraenul parenteral 
liver extracts is not large it appears that the intramuscular injection of approii- 
matelv 100,000 LLD units over a fourteen daj period (representing approximately 
6,500 LLD units daily ) in the form of liver extract is required to obtain an optimal 
hematologic, neurologic and general clinical response in cases of pernicious anemia 
Again this amount of LLD unttage appears to be required regardless of the manner 
in which, or the degree to which, liver extract is fractionated or refined 

3 Taking into account the fact chat the data presented arc derived from a com 
panson of two bioassay methods (each of which has its own inherent vanablcs;, 
It is reasonable to conclude chat there is a correlation benveen Lactetatilhs 
Dorner assay potency and human anti-pemicious anemia assay potency in liver 
extract preparations 
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^Tanctnia irT^t^ •' (<i prcicnt an iinmua) case of megaloblastic 


iRin B, yfji f Scar olJ cliilif \ Iio s\as treated successful!) with vjta- 

lir responses P^i’i'cidar interest Isccausc the patient had exhibited simi- 

‘^urine ts, * r^ftinteral adnunistration of refined li \cr extract and fohe acid 
‘"Srretious relapses 

^fiden f anemia of mfanct has reccnrl) been defined b) Zeulzcr and 

)fan of ’f'lwiigators resersed this term for that group of children under x 

marros changes identical with pernicious anemia 
^ ^'fher spontaneous!) or after a single course of liver or folic acid 

> a fen cases of megaloblastic anemia in children requiring continuous 


On!) -7^^ antipcrnicious anemia factor have been reported Jonsson’ listed 


Cases in addition to x of his own that he felt met the requirements, and 
Jons Dunn’ accepted on!) 5 These cases base been ampl)^ reviewed by 

the c*—' Dunn’ and by Benjamin * An additional case representing 


lot disease complex has been reported by Waagstein ’ Prompt response fol- 
y '' administration of liver extract or folic acid in these cases, but response to 
min Bu in such patients has not yet been reported 
amin Bu, a pure crystalline antipcrnicious anemia factor, isolated from liver, 
announced m a series of three papers published in ApnJ 1^48 la this coun- 
CC) and by Smith’ in England at about the same time Spies and associates 
emonstrated the effectiveness of vitamin Bjj in cases of pernicious anemia in 
mts, macrocytic numtional anemia, tropical sprue and non-tropical sprue 
“crk ct al reported that vitamin Bi, was cffccDvc in the treatment of the ncuro- 
'Ogic manifestations in pcrmcious anemia Hall and Campbell,” ” after treaung 
patients with pernicious anemia, state that vitamin B,, was as effective as Iner 
extract in managing the hematologic and neurologic aspects of the disease 
Luhby'o reported that vitamin Bu alone was ineffective in the treatment of mcgalo- 
f>lastic anemia of infancy, but when small amounts of fohe and were added a re- 
sponse was obtained He concluded that vitamin B,. alone could not cata^-zc 
(mclcoprotcin metabolism to the complete stage necessary for red blood cell forma- 
tion 

Bcthcll and his associates” have shown that Bu is present in the feces of patients 


From the Dcparcmenc* of Pcdutncs Mid hfcdicinc The University of Rochester School of Mcdiane 
*od Denastry Rochester N Y 

The observations described m this paper ''■ere made ondcr a contract with the Umvcrsjty of Rochester 
Atomic Energy Project and vixrc supported in part b> the Hochstctier fund 



rrRMCious anhmia is childhood 


with pernicious anemia in relapse in approximarcl) the same quantities as in nor 
mnl indniduals Fcca! extracts from a patient \%ith pernicious anemia in relapse 
sshen gi\cn intramuscularh to an untreated case of pernicious anemia, producctl 
significant hematologic and clinical response BcthcII states, houc\cr, that vita 
nun Dj- IS incITcctnc in macrocjric anemia of pregnanev and the puerpenum It 
appears that Mtamm Bj- ma; he the principal anti pernicious anemia factor in 
Iner, although information thus far accumulated is not conclusisc 

Rltort or Case 

M D unit hc»m in Rochdter Municiful on following 5 moflths fcs 

tation period and a normal Jahor The hirth weight ua* 342ogram< The cord blood Uaiscrnunn wis 
negatne The nconatorium was not rcmarkahlc iioc>ano<i$ jaundice or pallor was noted Therewrr- 
4 normal <ibling< ages iz 10 S and 3 icars The father and morher were in good health and of Sialian 
extraction 

The child did well and 5hot\cd no abnornulitiei in growth and dcsclopmcnt until the age of 16 
months In the fall of 1943 she was admitted to the Strone Memorial Hospital on three occasions be 
cause of progressne imtabilic) anorexia, pallor and wxight loss On each occasiOG marLcd anemia with 
red blood counts as low as i 6S million and hemoglobin as low as 4^ grams per cent wax found She 
was treated s)mptomaticaII} and gnen several small whole blood transfusions No definite diagnosis 
was made 

Fwth Hesfitjl AJmtsstfin m t/ ^9/ 44 

Intaral Hutar^ The patient dunng the six wccls between the third and fourth admissions was m 
cratcl> improved for about one wccL after which there was progrcssivx return of ^raptoms ^ 

and drowsiness were noted for two weeks prior to admission and edema around the c>xs was noted 
several days before admission , 

Phjsfcai Exjmtrufian She was afebrile but pale irritable and appeared chronically ill The liver an 
spleen were not palpable and the neurologic examination was not rcmarLablc The cxaminaticm 'Jras 
otherwise entire!) negative 

hMhcrattrj Figure J 

Ctitrsi Three days after admission rha-apy with refined liver extract* vs-as started i cc 
vvecUy for 5 injections A maxiraum rcticulocjtc response of 35 per cent was obtained on chcnitn ay 
treatment She was discharged on the thirtieth hospital da) when the red blcxxl cell count was 44 
million and hemoglobin was 11 3 Gm 

The child was followed m the Out Patient Department for four months during which 
ccivcd two injections of refined liver extract There were no complaints and the child gain 6 f»noa 
m v% eight during this interval She failed to return and was nor seen for tune months unnl Apn 9 ^ 
when her symptoms recurred and it vyas found that the hemoglobin had fallen to 7 8 Gm 
course of six weekly injections of refined liver extract was started and in June 1945 she 
plaints was cheerful and catmg well and the hemoglobin was 13 6 Gro per cent She again a 
cum for observation and therapy 

Ftltb n^sptal Admtssten en 4/19/4S , . ^lous 

Interval! Htstory Patient did well for about five months followung the liver therapy mptoms 

spring Over the five months preceding the present admission she showed a gradual rctm o 

Pl^stcai Ex^fna//fi 7 j The p:iucnt sppc 2 ^ chcomcaWy i\\ was irritable and sho * °i,e snlcco 

low color to the jLin The liter was palpable two fingerbreadths below the costa “ otimina 

was not felt Except for a soft blowing apical systolic murmur the remainder ol c po> 

tioD was negative r n ^ Vir^min A absoTptioD and 

Laboratory Laboratory findings not included 10 table 1 were as follows shovoed a 

Olocose tolerance tests st-ete normal Duodenal drainage revealed ,vetenegante 

probable defiacncy p attern The electrophoreuc pattern was normal Siclcl g . 

• Rrt«./«irn-El. Lilly Company 




rl'RMCIOUS ANEMIA IN CHILDHOOD 


I}6^ 


in the bone mjrrou arc tho«n in figure t She wat dijchargcd on the fourteenth boipital dap with red 
blood cell count of j 7 million and hemoplobin of ii pami per cent 

The patient is current!) rcccisin); tj units of refined liscr extract everp three svects Qmical ant) 
laborator) findings arc normal at the time of this ssriting 

Dfscussiov 

The similar responses lo refined li\cr extract, folic acid and sitanun Bu are il 
lustrated in the upper three graphs of figure 1 Maturation of cr)ihroid cleinents 



4 

3 

2 




TIME IN DATS 

Fio I — Hematologic rejponie to therapy snth lisrr, fohe acid and vitamin Bis 


in the marrow following administration of Bia is also shown graphically in figure 
I and photomicrographs of the maturing crythroid cells arc shown in figure 2. 
The need for continuous therapy to prevent relapse is apparent in view of the five 
relapses that have occurred dunng die four years of observation 

The criteria necessary for the diagnosis of permaous anemia in childhood ac 
cording to Peterson and Dunn* are (i} macrocytic anemia, (i) arrest of matura 
non of bone marrow at the mcgaloblasac level, G) spcafic response, 1 c , lencu 
locytosis after liver therapy, (4) need for continuous therapy to maintain a 

continuous remission, C5) histamine resistant achlorhydna 

There is general agreement concerning the first four of these entena, but o 
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PERNlaOUS ANEStlA IN CHILDHOOD 


the fact that a small amount of free hjdrochlonc aad was ptcscnt in the gastnc 
juice after injection of histamine Prompt hematologic response was obuincd fol 
lowing administration of refined liver extract, folic acid and vitamin Bn in suc- 
cessive relapses 
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TUBCRCULOUS SPLENOMEGALY WITH THE HYPERSPLENISM 

SYNDROME 

A Case Report 


B) H C Meredith, Jr , M D , J Q Early, M D , and Walter Becker, M D 

although secondary in\olvcmcnt of the spleen in tuberculosis is quite com- 
L Jc mon, the clinical picture of an enlarged tuberculous spleen with little or no 
tuberculosis elsetsherc is rare ■' This s)ndronic is often referred to as primary 
tuberculosis of the spleen, and was first recognized by Coley in 1846 The term 

primar) tuberculosis of the spleen implied that the principal location of the 
disease was in the spleen which acted as a focus for the dissemination of the tuber- 
cle bacilli and was responsible for the hematologic effects Englebreth-Holm in 
1938 felt that that term was misleading, as tuberculosis of the spleen must always 
be secondary, and insisted it be called tuberculous splenomegaly,^ a term now 
agreed to b) most writers 

Recentl) there has been such a case in the University of Virginia Hospital fol- 
lowing streptom) cin-treated miliary tuberculosis Although there was apparent 
recovery from miliary tuberculosis, a very marked splenomegaly developed in as- 
sociation with leukopenia and anemia Following splenectomy, definite clinical 
improvement occurred and the blood picture returned to normal However, six 
weeks postoperatively, the patient developed a fulminating tuberculous meningitis 
and died 


Case Report 

An 18 year old white male «as admitted to the University Hospital on February 8 1948 Two months 
previously he had first noticed a nonproduaive cough associated vuth a dull pain m the left chest 
Three sveeks before admission the chest pain became more severe and simnltaneously the congh in 
creued and became productive of small amounts of yellowish sputum Weakness mz aiK 
severe night sweats developed necessitating confinement to bed The patient was seen in t e t^cicnt 
Department five days before admission and an x-ray of the chest showed only accentuan^ ° ^ ^ 

monary markings A shaking chill occurred two days later and hospitalization was a vis- ere was 

a 1-3 pound weight loss t, t-l. 

On admission temperature was 100 5 F pulse izo rcspirauon 14 and bloo pressure 110 
patient was pale svith flushed cheeks undernourished and showed cwdcncc of recent we g 
Thtre was a generalized lymphadenopathy of small nontender discrete ° 

"Jiat revealed dullness to percussion m the left base posteriori) slightl) diminished ea 
right lower chest anfa few small crepitant rales m both bases The liter svas ,ast 
fittn spleen edge extended 7 cm below the costal margin A dorsal k-yphosis and sco 10 
^cre aijo noted 

The admission blood counts are shosvn in table 1 A mild anemia and marked 
^t The differential smear showed an increased number of monocytes an a ““ immature 

The urine and Wassermann were negative A sternal marrow examination reeled an incr 

g tnalocytes Numerous sputum examinations and cultures ret calcd only the usual flora epea 

Prom the Departments of Internal, Medicine and Surgery Umvcrsity of ^ irginu Hospital aar 
lottcsville Va 
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culturcj stool atiminations ind agglutinations for typhoid nilarcmia, brucellosis typhns and Rocty 
Mountain spotted fever svere negative No abnormalities were found in the spinal fluid 

Chest roentgenograms on admission revealed multiple miliary opacities throughout the lungs and 
their appearance over a fise day period strongly suggested miliarj tuberculosis Abdominal x-ray films 
disclosed a mass in the left upper quadrant which was thought to be the spleen as well as evidence sug 
getting an enlarged liver 

Cnrte During the early penod of hospiulization the temperature ranged between 100 F and to) F 
and the patient s condition became more precarious daily Penicillin svas started empuically without 
effect 

Dunng the second week gastric svashings were found to be positisx for acid fast bactih on two occa 
sions A tuberculin skin test (i toon) was negative and histologic examination of a lymph node biopsy 
shoved onlj chronic lymphadenius Repeat chest x ra)s demonstrated further mcrease in the lung 
markings and a progression of the soft generalized miliary infiltration The diagnosis of acute miliary 
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34 days postop 


tuberculosis was considered established and streptomycin was begun in a dosage of a Gm daily on the 
mnth day 

By the thirteenth hospital day the fever began to exhibit a downward trend Five days later ehest 
films showed further spread of the generalized miliary opacities but the typical progressive picture of 
miliary tuberculosis appeared altered and this was attributed to the use of streptomycin Consequently 
the dose of this antibiotic was increased to 3 Gm dally He improved slowly and by the thirty-seventh 
day he was afebrile The dosage of streptomycin was then decreased to z Gm. daily Chest x-rays at 
this time demonstrated a beginning diminution of the miliary process 

Throughout the rest of his hospital stay he remained afebrile and gained 14 pounds with oosabic 
symptomatic improvement However the spleen remained enlarged and repeated blood studies sho 
a persistent leukopenia and anemia (table 1) Another tubercuhn skin teat was done and svas 0^ 
positive in the i 10 000 dilution Further chest roentgenograms tak-en on the sixty second hospia ^ 
revealed no evidence of tuberculosis On April 14 1948 after (€ days of hospitahzanon he 
in an asymptomauc stale to a tuberculosis sanatorium for further care He had received a total 0 107 


grams of streptomycin ^ 

While in the sanatorium although streptomyan was not continued he was alebrte, am g 
pounds in the next three months Fever recurred m July and a dosvnhiU course ^cd wi c 
18 pounds in the next two months Frequent examinations of the spleen showed prograsi 
meot Associated with this svas an increase m the leukopenia and anemia (table i) 

When readmitted to the University Hospital on September ay 1948 for further stuoies i- 



ICREDITII, JR , J Q EARL1, AND WALTER BECKER 


1369 


cJ chroijcajl) ill ancJ hatJ a rcmpcratufc of 100 F A smoorh sitghtl) tender spleen could be paJ 
pared cttcndinp alrro't to the pubic sj fnphj sis and ucll across the midlinc of the abdomen Blood studies 
apain rescaled an anemia marked JeuLopenia and p’anuJocytopenia ^cabJc r) The stemaJ bone marrow 
"as hs'pe 'plastic Bleeding time clotting time clot retraction and tourniquet tests were normal 
Liscr function studies sserc normal Urine and stool exuntruttions r ere again ocgativc Rocatgcnogrzms 
of the 'lull <pinc hands pcl\i$ and femora were negatisc During this hospitalization of six days 
his temperatu e rjnqcd from normal to loz F A diagnosis of tuberculous splenomegaly was made on 
the ha IS o^ the hi'tor) of miliar) tuberculosis fc\cr splenic enlargement and the findings in the blood 



^ttectomy w« advised After receiving 1500 cc of whole blood he was discharged to the sanatonoin 
or fiirtjjjj. streptomycin therapy before surgery , , 

j^^^^'^Oained m the sanatorium twenty four days and durmg the latter tsventy-one c svas 
'~^'"or, he continued to lose weight and the splenic enlargement increased 

October i£ he ^vas readmitted to the Umversity Hospiul for splenectomy 
on and the laboratory findings were as before On the follosving day a laparotomy svas perf 
to C spleen was found, filling the entire left side of the abdomen an ‘ , 

nght The inferior pole of the spleen extended below the sacral promontory ;md the capsule wa 
‘‘Ihcrcnt to the surrounding structures The liver was slightly cnlarpd ut appear 
‘®ooth ' removed without difficulty and was found to svag 3 3 3 grams 

"'‘ffi a Jxirplish grey color and had a fairly soft consistency 
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On histologic examination the architecture wai almost entuelj replaced by tubercles with a few 
areas of caseation Tubercle bacilli svere detnonsttated 10 the spleen by acid fast stams The hilar Irtnph 
nodes were also involved ivith tubercles EtnulsiSed spleen injected into guinea pig resulted in the de 
velopmcnt of typical caseous tuberculous lesions and acid fast organisms were demonstrated in the 
tissues 

Within twenty four hours after the operation there was a striLing increase in the white cell and 
platelet counts (table i) The patient s postoperative course was uneventful except for a moderate fever 
Streptomyan was continued and penicillin was added for proph) lactic purposes He was discharged to 
the sanatorium on the nmth hospital day for further treatment 

For the first six weeis in the sanatorium he was asymptomatic, afebnle, and gained weight. Sttepto- 
myan was discontinued at the end of four wccLs The hematologic studies remained normal and follow 
op chest x-rays showed no endence of miliary tuberculosis However, during the seventh weet he began 
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to run a fever and developed a stiff neck Spinal fluid studies confirmed the clinical impression of tuber 
culous meningitis Despite the resumption of streptomjcin intramuscularly and mtrathecally hr 
rapidly downhill and died wuthin a week 

Antefsy Postmortem examination revealed a healed primiiy tuberculous lesion at the penpbeiy 0 
the left lower lobe of the lung and miliary tuberculosis of the lungs liver lymph nodes and meniDgei 
These lesions were evident grossly and microscopically and tubercle bacilli were present in smears 
taken from the meninges In the cortex of the left temporal lobe there was a 5 ram area of 
with overlying meningeal adherence This was probably the direct source of the menmgeal in mo 
Death was undoubtedly due to tuberculous meningitis 

Discussion 

The miliary tuberculosis in this case at first responded dramatically to 
mycin therapy Despite the use of this drug, the spleen, which prcvmus y 
been moderately enlarged, gradually increased in size until it occupi 
the abdomen /ilong with this was the development of a marked leu 
inemia Three months after streptomycin was disconunued, fever return 
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ciatcd uitli a progrcssuc loss of weight A diagnosis of tuberculous splenomegaly 
was made and the antibiotic therapj resumed His temperature fell to normal but 
he continued to lose weight and go downhill Consequently, a splenectomj 
was done with the prompt rcscrsion of the blood picture to normal and notable 
improsement of the patient for six weeks However, during the seventh postopera- 
ti\e week he deseloped a fulminating tuberculous meningitis and succumbed a 
few dass later 

Although WinternitE in 1512. felt that the blood picture in pnmary tubercu- 
losis of the spleen was not constant, of the 51 eases that he collected, 41 per cent 
had an anemia, and per cent had poljcjtheraia ’ In this senes only 19 had 
white cell counts and 17 per cent of these had a leukopenia of 5,000 or less ’ He 
also noted purpura in leases In the twenty years following this classic exposition, 
isolated reports appeared noting the association of this disease with leukopenia, 
anemia, thrombocytopenia, and purpura In 1931, Price and Jardinc described 
4 Cases resembling Banti s syndrome which were diagnosed at operation or by 
autopsy as primary tuberculosis of the spleen * Englebreth-Holm in 1938 after 
tcaiewing the literature and studying 4 cases of splenomegaly following miliary 
tuberculosis, observed its frequent association with anemia, leukopenia, and other 
csidences of hone marrow inhibition * He concluded that tuberculous splenomegaly 
caused inhibition of the emission or the maturation of the blood cells in the bone 
marrow In 1941, Weiner and Carter reviewed the previously reported cases of 
thrombocytopenia and purpura associated with tuberculous splenomegaly and 
added another " The entire subject of the hemopoietic cffeci of this splenic dis- 
order was reviewed briefls in 1942. by Drown, Mason, and Lucia and again by 
Dietz in 1946 To date less than 100 eases ha\e been published The occurrence in 
this type of splenic tuberculosis of leukopenia, anemia, and thrombocy topema, 
singly or together, fits well into Dameshek s recent theory of selective and 

total typies of hypcrsplcnism Dameshek postulated that the deselopment of 
the one or more cytopcnias in hypcrsplcnism is due to abnormal or cxccssnc 
splemc activity causing bone marrow inhibition '■* “ It is also consistent with 
Doan and Wnght s concept of excessive destruction of blood cells by an abnormal 

spleen *' 


at 

in 


The diagnosis of tuberculous splenomegaly is difficult and usually is made 
'he operating table or on postmortem examination It is found most commonly m 
the 20 to 40 age group' * t” and the diagnosis depends on such features as a history 
previous tuberculosis or exposure, splenomegaly, evidences of tuberculosis in 
other organs, moderate fever, evidences of bone marrow inhibition, and a down- 
'h course Occasionally calcium deposits can be demonstrated in the spleen bi 
^ Splenic puncture with culture for the tubercle bacillus is consi ere 
diagnostic value by some, for the organisms are quite plentiful in this or- 
n 10 qjijj jyp. spjjjjomegaly should be differentiated from B^ti ^ 
jmc. leukemia, lymphosarcoma, Hodgkin s disease, cirrhosis of the iver with 
P cnonicgaly, malaria, certain parasitic infections, thrombosis of the splemc vein, 
Soogcnic myeloid metaplasia of the spleen, Fclty s syndrome, and others 
P'enectomy, by unanimous agreement, is the treatment for this disorder, for 
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the outcome without it is generally considered to be invanably fatal ' = ‘ i- 
Thc object is the eliminauon of the focus of disscminanon of tubcrcule baalh by 
hematogenous spread, to remose the inhibiung effect on the bone marrow, and 
to reheve the discomfort caused by the splenic enlargement ‘ In some in- 
stances the patients ma) not survive because of tuberculosis in other organs * 
With the addmon of streptomycin the prognosis should be improved The use of 
strcptom)cin in this case did not eliminate the need for surgery 

The pathology of these spleens is quite interesting The majontt arc usually 
huge, weighing from looo to 3000 grams * ‘ ^ Tbc spleen in this case weighed 
3,363 grams and is one of the largest reported On macroscopic examination tuber- 
cles may or may not be seen, while caseation or abscess formation is extremely 
rare ’ ■* ’’The histopathologic appearance is that of a very cellular pulp with 
numerous partly confluent miliary tubercles with little or no necrosis and only a 
few small malpighian bodies ' ‘ ' jhc splenomegaly is secondary to pro- 

liferation of the reticulum cells of the pulp and to the presence of tuberculous 
foa ‘ 

Had the correct diagnosis been made earlier in the case reported and had splen- 
ectomy been done within the first or second month after the noublc response to 
streptomycin, the outcome might have been different The spleen by rcmaimng in 
situ with Its infection could have acted as the focus for rcinfccuon and establish- 
ment of other foci after the organism had become resistant to streptomyan 

SUMMARS 

A case of tuberculous splenomegaly with leukopenia and anemia following 
miliary tuberculosis has been presented Splenectomy was required after strepto- 
mycin failed to control the cytopcnias, progressiic emaaauon, and splemc infec 
non However, following what appeared to be six weeks of marked improvement, 
the patient developed a fulminating tuberculous meningitis and died 
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IRON METABOLISM 

The PiiY!5tco<iiEMicAi. RtGULATiov oFStocREMtA S AVjrbww (Uoi vcTSit) of Zufich Mcd Schooi Med 
Policlinic) Acta hacmatol * 113 1349 

£xhau$ti\c experimental investigation lead* the author to the conclusion that the fixation of iron 
on proteins depends mainl) on the pH of the medium The scrum albumin fraction contains most of the 
scrum iron Hence in m\o a decrease in scrum iron parallels a decrease in albumin At the same tune 
the cry throcyte sedimentation rare rises There exists a mathematical correlation betu-een the qaantitj* 
of serum albumin the sedimentation rate and the blood Ie\cl of serum iron (Sec also C. B LanrcJI 
Acta ph)siol Scandmai 1/ suppi 19^7 C E Rath and C A Finch J Clin Ifls’cscigation a/ 79- 
85 1949 G E Cart\sTight and ML M Wmtrobc J Clin In\cstigation 86-9S 1949) 

CM 


Itov Met \BOUSM A VD Hemochromatosis S Oran/ti From the Laboratories of The Rockefeller losurute 
for Medical Research New York N ^ Bull New ^ork Acad Med 2/ 403-415 1949 
This fc\ lew includes a comprehensive discussion of the iron compounds of the body and their proper 
ties the mechanisms concerned in the regulation of iron absorption b) the gastrointestinal mocoa and 
the possible abnormalities in iron metabolism which ma> lead to the development of hemochromatosis 
The author s ow n hj pothcsis of the regulation of iron absorption assumes the existence of a gndicnt 
of reduction in the mucosal cell c g that part of the cell nearest to the lumen of the gut is less redaon? 
for ferric iron and that portion closest to the blood stream has a higher reducing ability Tworti^litocy 
mechanisms however arc probabl) involved One is the determination of the amount of ferrous iron 
moving into the cell by a mucosal bloc which is related to the ferritin content of the mucosal cells The 
other concerns the reducing abiitt) of the ceil wherein the amount of ferrous iron encaing the blood 
stream depends on the relative redox level of the cell which in mm is a function of the amount of ox7|cd 
supplied b) the blood stream 

Evidence is presented which suggests that the metabolic defect in hemochromatosis does not rcsi c 
in those factors concerned with the mucosal bloc but rather is related to a greater reducing tenaency 
the cell for iron which permits more iron to enter the blood stream Such a state could anscfroroci cr 
an increase m the cfTcctivcncss of reducing cnryracs or a decrease m cTcctivcncss of oxidmng cwyincs 
(See also S Fransden Aaa med Scandmav uf iS^ioi 1947 ) H W B 


Iron DcnciENcr States and their Therapt with New Fhrxods Salts B Jastnsh From the ica 
Department of the Cantonal Hospital Winterthur (Switzerland) Hclv Med Acta 16 67 
The author has made investigations especially with ferrous gluconate and ferrous fwmiatc ^ 

that small peroral doses of iron (44 mg ) did not substantullj alter the serum iron level 0 
wcU as of anemic subjects Even larger doses of iron v'cry rarcl> influenced the serum iron 
mal persons It is the author s opinion that the hydrochlonc acid m gastric se^ion J 
cance for the absorption of iron preparations per that ir pla>^ ^ anemic, bcatr. 

the iron in the food The abwjrption rate of iron compounds may be assumed only 
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o' trfcai i'' -nui ani of nuIigTunt rumors ihc absorption of iron IS lohibitcd ic wc find the same 
rates as m o'^ral pcrvns ^ct there arc some eases of infcctioas anemias that respond rcadiif to h/^h 
dove« np ift n) In ca^es of idiopthic chronic hypochromic anemia a well tolerated iron compound 
IS recesvarr The ferrous pluconatc fulfills this requirement remarkably' well 
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ANEMIA 

Tilt As'tvic ^tatts Tiirm Caltcs ANT) TaEATsre-sT C A Dff^nandC S Wnibt From the Division of 
Medical Resc^arch D-partment of Medicine Ohio State University’ Columbus Ohio M Qin North 
America ;; 541-560 1945 

TTjc authors bricks discuss normal eryohropoicsis and cry’throphtgocytosis the anemias of central 
bone narrovi. oripin and tinally anemias due to excessive peripheral demand (loss or destruction) 
Under the last sub)cci the 'icsss of these authors on hjrpcrsplcmc syndromes arc discussed in some 
detail With illustrative example^ 

G-EC 

Tim EnrcT or Vitash Bj os me Anxmia and Combined Stvtem Disease or Addisonian PEiNiaous 
Astmia S R Miiitrr A McBftJi mS R Ti>/ From the Division of Mcdicmc of the Umvcrsity of 
California Nfcdical *'JiooI San Francisco Calif California Metf ji ra-xy 1943 
A trad}- of the effect of the parenteral administration of \itamin Bu on the conrsc of 8 patients with 
Addisonian pernicious anemia ssas made Follossing an initial dose of 15-50 micrograms all patients ex 
Bihitcd reticuloc}tosis ssiihin 4S hours and peat response at about 98 hours following injection In 
onl) 1 ssCTe secondar) rcticulocjte responses induced by a subsequent injection Althoogh maniM 
ftticuloc} coses as indicated b} I aacs formula were not obtained the immediate conversion of megalo- 
tlastic bone marrow to a normoblastic picture and the return of erythrocytes and hcmoglobm to normal 
levels within sixty di)s indicated a satisfactory remission The authors recommend averap mmtMance 
mjections of siumin Bi in the amount of 30-50 micrograms at intervals of one mon aro etas 
and other symptoms relative to carl) and moderately advanced combined system iscase were 1^ 

disippar or be ameliorated In a single case sensitise to refined hver no sensianty to nomin ‘J'’“ 

noted Preliminary observations on a group of patients whose combined system disease bad persisted m 
*pitc of lar^ doses of liver extract indicated some subjective but no objeenve improvement tn eir 
condition followmg the adminiscrauon of vitamin Bu 


Tieatment or PrxNiaous Anemia with Cbtvtaixine Vitamin Bi. R Wist W E H , 

'he Department of Medicine College of Physicians and Surgeons Columbia University an 
Modical Division Bellevue Hospital New York N Y Am J Med < fiqs-fijo >949 
Eleven cases of Addisonian pernicious anemia treated with parenteral vit^n wj 

•howed a satisfactory hetnatol^ic remission and 5 panents with combing 
neurologic improvement Different and in several cases amended dosage schrfo es w P 
frnm these several observations it was concluded that the effective parmteral do« w« s g y ) 

^ nuerograni daily This approximation of a minimal effective dose is borne out by o 
^7 evaluation of L cSccZncs, of an average daily dose must however rake mro consideration 
(JDcncy and sue of the individual doses H B 


'^vations on the MACaocme Anewa Axscoated with Pregnancy T D 

of Nutrition and Metabolism Northwestern Urns ersity and the Hillman p 

I Surg Gynce & Obst If 76-78 1949 j _i ^rhm a few weeks after 

d ha B*''ent$ with macrocytic anemia assoaated with pregnancy were stu 1 iDnstraied bi one 

-Hie reportedly satVffaaory clinical and hematologic tcsjxmsc to fohe aad ,s illustrated 
report , 

>uthor stresses the importance of rcalixing an association betwe-n this type of m mu m 
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mother and the doclopmcnt of megaloblastic anemia in the infant and states that both of these can 
nsually be prevented by treatment of the mother with folic acid daring the late stages of pregnancy 

H WB 

Akti Akaesiia Activity or Faecajl Extract trom PcRWiaous Anadoa Patient S T E CalUrJtr 
B J hiallttt G H Spray and G E Shaw Irom the Nuffield Depamnent of Oimcal Mcdiane Ox 
ford, and the E\ans Biological Institute Runcorn Cheshire England Lancet a. 37 1343 
Two hundred grams of wet feces from a patient with untreated pernicious anemia w ere subjected to 
a papain digest and phenolic extraction L lactts Derrer assay of the extract showed z imerogram per 
ml equivalent of Bi activit) Fisx ml of extract given dail) for five days to a second patient with on 
treated pcrniaous anemia resulted in an opumal therapeutic response Chromatography of the extraa 
gave a chromatogram dose!) resembling those shown bj punfied liver extraas 

SC 

Experisiental Macrocytic Anaemia in the R_at Treateo with PtnunEO 1 j\'er Extract Pterotl 
OLUTAWic Aao AND ViTAMiN Bji D G ComfTfn S T E CaJlmJrr G AL Watsm and X. ] Won 
From the Nuffield Department of Clinical Medicine, Radcliffc Infirman , Oxford England Nature 
188 1949 

Twent) SIX rats made anemic by the formauon of a cul dc sac in the small intestine (see Lancet a. 
404 1948 Blood V 803 19^9) svere divided into four groDps a control group and groups treated paren 
tcrall) with Anahacmin pteroylglutamic acid and xitamin Bi respectively There was a significant in 
crease in survival time with ptcro) Igluumic aad but not with Anahaemm or Bi Five of 6 animals 
rreared with PGA showed an hematologic remission Two from each of the Anahaemm and Bi_ 
groups of 7 and 6 animals also had a remission The impression was that this was not forruitous but as 
spontaneous remissions occurred in the control group the effca of liver extract and Bi was no: clear 
cut 

SC 


Nutritional Macrocytic Anaesiia IN TbscperateZone> J Kt/htarJC D Calnan Brit M J r 1079- 
1081 1949 

A ease of nutritional macrocytic anemia m a mcntail) subnormal woman of 56 is described The 
anemia ^ilcd to respond to treatment with 1 ml Anahaemm dajJ) for ten da^s followed bv 4 ml 
an crude liver dail) for five days but a good response wav obtained with folic acid 

SC 

J^Ieoauodlastjc Anaemia JH CoEUAC Disease Tkeateu With Fouc Aao Ai L Th^msm H Daltm 
and Vera K Wtlson From the Royal Manchester Children s Hospital Lancet 2. -.3S-140 1949 
This IS a detailed report of the two eases of ccluc disease associated with mcgaloblasuc change in 
the bone marrow already bnefl> described in 1946 (Dalton ct al Lancet 2. 651, 194O Treatment wiA 
folic acid resulted in general improvement with reversion to normoblastic marrow One child 
well after discharge on 5 mg folic acid twice wxcUj but the other relapsed A second relapse later 
to complicating infection and death 

S C 

LACTODAaLLUS LACTis DoRNER TOR THE Assay OF ViTAMiN Bi G £ Stoip From thc Evaos Biological 
Institute Runcorn Cheshire England Nature 164 186-187 1949 . 

A technic is desenbed for L Dorncr assa} of Bi in liquid medium (For details thc original arn 
should be studied ) An identical shape of dose response curv c is obtained with all types of hver 
crystalline Bu and Thymidine or a blend of any of these Digesting liver with papain docs not ter 
shape of thc curve r 


The Effect of Oral Therapy with Cobaltous Chloride on the Blood of Medical 

Chronic Suppurative Infection J C Echtnsm G W James III R B om 
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Nl in- D-jurimcm of the Armj and the D-parttnent of Medicin- Unnertity of 

Ilhr.i. Coll cc of Median' aicago Illinois Ness England J Med 743-753 1343 
Sire pJ It-ts ssith prolonged suppuratise infections sscre treated for tsvo to eleven s eeks b> the 
oral adnirnt atin o' -o to fo mg of cobaltous chloride daily This oniformly resulted in a reticulocy 
tOM> an i-'crcj . in ihr circularing cr)chrocjtc hemoglobin and pjctcd red cell concentration of the 
Hcv >3 ard j" irc'ri'^ in th- total red cell ma^s This is a clcan-cnt demonstration of the stimulating 
aaion co^alt n ih- N^^c marrow ai ha^ previously b*en demonstrated in animals 

The ItuJIe^ of Hcil'~ sc* Cartwright and Wmtrohc and others indicate that the primary fault in 
the arcnia of irf tim n a retarded rate of hematopoiesis The clinical demonstration that cobalt acts 
in the opposite dire tion to counteract this anemia still leases open the fundamenul question is the 
^cma of irfectun ha rful to the indisidual or is tt a useful compensatory device to conserve metabolic 
ertgs du irg a pr’ioj of cmerg'fcv^ More evidence must be accumulated before it svill be possible to 
opinion on the d- irahilirs nf cobalt therapy fer the anemia of infection 

CAP 

E*rniioTH 3 jrnc Emcr or Constr is PAXitNrv ssutu or ssTrnotrr Axemia L Bfrk, J H BKr'benal srul 
B Cdit't From the Thorndike Memorial Laboratory Boston City Hospital and Harvard Medical 
School Boston Massachu 'tts and the Memorial Hospital for Cancer and Allied Diseases New York 
^ New England J Med .ys -5^-761 15^5 

Cobaltous chlo-idc (COG f H* 0 ; w as administered to 61 patients by mouth In 7 convalescent and 
8 psychotic patients consistent rcticulocy tosis and clcsation of hemoglobin and red count above coo 
trol levels were observed The average reticulocyte peak on a dose of 300 mg /day was 4 9 per cent and 
Occurred between the fourth and tenth day This do-C of cobaltous chloride was not tolerated by 11 patients 
^*tb pcmiaoas anemia in remission A good cry thropoictic response was observed in i of 5 patients with 
infection Five patients ss ith refractory anemia and hyperplastic bone marrow gave no response Sixteen 
patients V ith anemia due to leukemia or lymphoma were treated There was no response m 13 of the 
patients In 3 others cvTdcncc s%as equivocal because of therapy of the underlying disease One of 2. 
patients with hypochromic anemia due to iron dchcicncy and one patient with Cooley s trait responded 
a patient with the anemia of liver disease was not a^^cctcd Two patients with chronic oephnus 
^Id tolerate the drug for only a few days but showed no reticulocyte response 

No senous toxic manifestations were observed but gastrointestinal symptoms of nausea and vomiung 
present in 37 of the 61 patients 

It IS apparent from this and other studies chat cobalt provides an addmonal suraulus to the marrow 
for hematopoiesis One might generalize from these observations that the icnon of cobalt is most con 
*pi^ous when the bone marrow is not under a great stimulus before treatment As stated by the authors 
possibility chat the erythropoietic action depends upon a fondamcntal altcrauon of ussuc rcspira 
*>on indicates the need for furch cr studies of chronic toxicity in animals r- 1 c 


POLYCYTHEMIA VERA 

^ « CH.o«cCT.NoT,cPoLvcrTHE^n.w.T„SPixNO««>A^T At M From the Decent 

University of Utah College of Medtooi: Salt Lake City Utah Boll Johns Hopkins 
7^ 75~86 1Q49 . , 

“^cot discnssion of the historical aspects clinical features pathologic ^ ^ 

^‘■ rf^Iycythcmia vera with particular reference to the contributions of Sir 
the mention of available therapy is made Of porticnlor interest is the cnci " 

pathogenesis of the cond.uon and particularly tho« »nce^ ° 

^ It The auth ” wMlc regarding the snb.ect os on open one is inclined to 

- •.milar in its pathogenesis to leukemia and is not attnbuuble to the influence of 

the bone marrow ^ V 


P»*Co, 


oa PoLTcrrHEOna „ Maobow laiAniATSov A Tmr Yea* Srunr ov 171 Pa-nevTs / H 
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LauT^ct From the Division of Medical Physics and Donner Laboratory University of Califonua 
BcrLcJcy Calif J A M A i3“i8 1949 

Of lyx patients with various forms of polycythemia radioactnc phosphorus was used in the treat 
ment of some 12.1 in whom the diagnosis of idiopathic polycythemia (iwlycythemia vera) could be 
made This report details the results of this form of treatment ten years after its inception 

In general the results of crcatraent \scrc very satisfactory, with good relief of symptoms and signs 
Of all patients treated 48 per cent required only one course of treatment of those treated during the 
first five >xar$ per cent had only one such course and some required no funher therapy for four to 
as long as eight j cars Among other things the spleen regularly became smaller or cs*cn impalpable £oI 
losing treatment Some 35 per cent of patients with polycythemia in whom the blood prasurc was 
initially elevated showed a fall of blood pressure after P” therapy Some 70 per cent of patients with 
initial icukcmoid blood counts showed disappearance of this feature following P” 

There was no evidence of an increase of IcuLcmia follovnng the use of P** of the xi deaths in this 
series 5 (about 4 per cent) were due to leukemia This complication w’as no more frequent m thisgroop 
than in polycythemic patients who arc uorreated or treated with other methods (Fowler s solunon 
V ray, etc ) 

It was of interest that thromboses seemed to be reduced following the use of P^ they occ ur r ed m 
4 X per cent of patients following therapy as compared with X3 per cent before treatment Phlebotomies 
alone did not reduce the inadcncc of thromboses to this degree 

Finally the average duration of life following diagnosis was 17 years The avTrage age at diagnosis 
m this group was 50 7 years, at death 67 years The author points out therefore that with this form 
of rrearment the life expectancy of the ncwly-discovcrcd poI)'cyfhcmic is as good as that of the diabeuc 
\\ tth tnsuha or rhar 0/ chc pcroictous xnemu wtih hter crtracr The use o( ndtoicztvc pho^ 

phorus IS recommended as chc ideal form of trcacmcnc of polycythemia vera at the present time 

SE. 


LEUKOCYTES 

Liver Function DufciNO Infectious Mononucleosis / W Bmm J L Srms E WbtttsnJJ E 

From chc Dcparctncats of Medicine and Preventive Medicine and Student Health Umversicy of Wis 
consin Medical School Madison Wise Am J Med 6 311-31S 1949 

Liver function tests were performed at random or 10 series during the course of infectious monona 
cleosis m 83 patients between the ages of 17 and 34 Tests included icterus index qualitative unne uro- 
bilinogen excretion cephalin cholesterol flocculation thymol turbidity prothrombin time and brom- 
sulfalcin dye retention One or more of these tests were abnormal m 75 of the cases The most frequently 
abnormal test was the cephalin cholesterol flocculation which became positive early and for a significant 
length of time in nearly all eases tested in series Since u was positive more uniformly than the hcfcro- 
philc anubody determination it was considered a valuable diagnostic aid whencv'cr infectious hcpanoi 
of virus etiology could be excluded The next roost frequently abnormal test vns the thymol turbidny 
Abnormalities in the icterus index urobilinogen excretion and bromsulfalctn retention were also dc 
tected m a significant number of eases 

This and other studies indicate that nearly alt pauents with infectious tnononuclcosis will dcmousttitc 
abnormal liver function at some time dunng the course of illness 
The authors comment on the difficulty id differentiation between infccuous raonoauclcosis and 
tiout hepatitis chc lack of correlation between abnormalities in liver function and duratioo of syinpto® 
acology in infectious mononucleosis and the need for further study of these paaents pamcula^ 
after recovery Until the clinical significance of these changes m liver function is known it is suggcs 
that patients with infectious mononucleosis be placed on the same regimen recommended for paoents 
with infectious hepatitis HWB 


A Transpi~\ntable Splekic Tumor Rich ik Mast Celia OnsERVATiom on Mast Cells in 

PLASMS T Bah ami J Forth From the Branch to Laboratories of Verwans Administration p 

Dallas, Texas Am J Path a/ 6o5-^l5 I 949 
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Th* pc -nt inNc^riqjtion pomptcd b) the finding of numerous most cells in and abouc a spon 
tar^ cp thcliun like rciicufum cell splenic neoplasm in mice No rcJanonship could be established 
betn'— 1 ic ard rra^r cells Miscellaneous neoplasms with the eiccption of some lutcomas 

were n p ral from mast cells Apparcntl) some tumors either stimulate mast cell pTjlifcration 

o* attract ma i cells TTits mas b- bmuqht about b> some substance present m the tumor or by a meub- 
olitc i ^ the t-rr- cells Thr^ sucqtit additional experimentation with subcutaneous mjccaons of 
cell free extracts ( f tr^ain runnrs Recent histochemical csidcnce linl^ mast cell function with podec 
tim o^ th^ p( ubnance conncctisc tissue and the blood clotting mechanism 

OPJ 


Evalcattos or Mm on or Ex'muiatisg Steukal Marrosv Eosisophils Pbihp ?ixxpl^t 9 From 
Qmical Labo'Jtiwv S-rsicc \ cterans Administration Hospital D^parTment of Pathology Chanty 
Hospital of Loji^ana and Louisiana State Univcrsit> School of Medicine Ncs Orleans La Am J 
M Technol /; \ -16 1949 

The author csaIuatc^ the ^a^nus methods of counting marrow eosinophils — chamber methods di 
rea smear stain-^ c tions A combination of the Lev) Newbauer chamber method with the use of 
Mas-Grunuald gI>coI as diluent plus the direct smear is recommended Vanations with 

any method esen from a 'inclc rrocedorc arc apprcaabic 

W N V 

Tnt Ltmpmocttt Sn.Dir os Its REL.sTTOs-smp to Lvcmusologic P.ocesses is the Cat C G OaMrk 
Jr U' ,V X'airrrrrr J f Liurrrer From the Umvcrsity of Roshester School of Medione ind 
Dentistry >nd the Deprnment of Medicine of the Strong Memon>l imd Rochester Monicpil Hos- 
pitals Rochester \ \ J Ub & Clm Med 158-177 i 949 , , ^ , 

An experimental approach is [resented for the smd) of the antibody contmt of lymphocytes col 
l«ted from the thoraac duct I)-niph of cats Using the technic desmbed and typhoid vaccine a. an 
«ug£n no antibodj could be detected svithin extracts of tsoshed lymphocytes Comprauve '‘'^ 0 “ 
of the relative antibody content of lymph fluid free of cells and lymph containing larp number of 
lymphocytes which is ere artificially lysed in order to release their potein content into the 
lymph fluid also failed to indicate the p-esence of an) antibody within the l)-mphoenes 
the animals .0 x ray did not significantly alter the anubody content of the cell free lymph flaid Ad 
ministration of large doses of adrenal cortical hormones failed to cause an) significant alteranon 
^tibody content of cell free lymph fluid q 

LEUKEMIA AND MALIGNANT LYMPHOM^ ^ 

Txeatvent or Chrokic Forms of Mauovant LrMPHOstAS a-vd LmixEnAS L 

morul Hospital for the Treatment of Cancer and Allied Diseases New ^orL N 1 M Qm ^ortn 

^onic forms of malignant l)-mphomas and leukemias The author 

RpFoach of (0 the early strictly localired dis^ ^^^'’’inividoalixation of treatment is 
and (3) the stage of marked gcneraliranon o e radioactive phosphorus 

l^sed Such therapeutic agents as nitrogen mustard i-«y his encouraging belief that 

and folic acid antagonists arc considered The author again expresses s coco 

‘‘iKinate early treatment of a localized early process may offer hop for cure ^ 

T k 'i. h R P‘9'0 ^ 

op Maugnant EhsEASE WITH Nitrooek Mostaro , v ~ York N ^ Ann 

D JC. AJlrr From the Second Medical Service Mount Sma. Hospital New 
' Med 974-1003 1949 literature Tbev inclcd' _i ci 

f ' *'*fr>ors add 64 more cases treated with mnogen mustar n„s IraLcmii S of Ivmp 

Hodgtius disease 4 of chrome lymphatic leukemia xof chrome myelogenous leukemia 


cases 

.0- 
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sarcoma 10 carcinomas of the lung and ocher miscellaneous malignancies Many of thor eases had been 
treated ^Mth x ray prior to mustard therapy Data regarding the individual eases is cffecuvely presented 
in tabular form Conclusions are esscnciall> the same as reported by others 

CAF 

Advances in Treatment or Mauonant Disease C P KhaJs From the Memorial Hospital Center 
for Cancer and Allied Diseases, Sloan Kettering Institute New York N Y Bull New York Acad 
Med 2j 171-184 1^9 

The experimental use of folic acid conjugates and folic aad antagonists in the treatment of neoplasuc 
diseases is briefly rcviev-ed It is pointed out that while the status of chemotherapy of malignant dis 
ease remains essentially unchanged, a \*Cfy real step has b*cn made toward our undcrsUnding of the 
pathologic physiology of neoplasms It is entirely concen'able that ^vlth farther m\'csugation of nucleic 
acid metabolism more effectiNe compounds with a far more selective effect on neoplasuc tissue may be 
found 

H WB 


BLOOD COAGULATION AND HEMORUHAGIC 
DISEASE 

Thromeopbnia AND Increased Capillary Fr-aoiuttin Hepatic Duease. P B WbtttstUfJr snJA A1 
Smll From the Division of Medianc Mayo Clinic Rochester Minn J A M, A 1071-10761 
1949 

In a study of 70 consecutive cases of various forms of liver disease the authori noted the frequent oc 
currcncc of a hemorrhagic diathesis 10 those patients with parcnch)'matous Iivct disease (hepauus, ar 
rhosis) whereas hemorrhagic phenoraena were rare in non parenchymatous hepatic disorders (stone 
smerure caranoroa of bile du«s or pancreas) The hemorrhagic manifestations they found were not 
due solely or necessarily to hypoprothrorabmemta, but often to thrombocytopenia and to increases in 
capillary fragility They therefore studied the occurrence of thrombocytopenia and increased capillary 
fragility in their 70 cases of the 19 with cxtrahcpatic jaundice onl) 4 showed these abnormalmcs, of 
the 41 pauents with hepatitis or arrhosis, 37 showed a rcducuon in platelets increased capillary fra 
gihty or both These findings could not be correlated hypoprothrombincmia or with jaundice 
Few data unfortunately arc presented to explain these findings What bone marrow punctures were 
done showed acuve marrows and megakaryocytes in adequate numbers , there 11 no note as to 
platelet formation from the megakaryocytes No data arc given as to other bleeding tests beyond the 
gcncralitation that, usually the bleeding time was prolonged the coagulation time normal or slightly 
prolonged, and the clot retraction poor The authors comment that the assoaated hypoprothrombi 
ncmia made these tests difficult to interpret is strange Nor can one accept the statement that the bleed 
mg in liver disease may so often simulate that of idiopathic thrombocytopenic purpura that every ease 
of the latter disorder should be suspected of being thrombocytopenia secondary to liver disease (cren to 
the point of liver biopsy) till disprovcn 

The data in this report, however emphasise that the bleeding of certain patients with liver 
may be due not to a reduction of prothrombin, but to thrombocytopenia and capillary defects c 
mechanism for these alterations in blood and orcolaiory system and the possible role of hypcrsplcflisni, 
arc not discussed . _ 


Hhmophiua LIKE Disease IK Women J S Heuf/tff ^rmi R L, HaJen From the Division of Intcrnal^^^ 

anc the Qcvcland Clinic and the Frank E. Bunts Educational Insurutc, Qcvcland, Ohio J 

Clin Med s-f ^545 » rhiraacr 

Two female panents with a clinical picture of hemophilia arc presented The outstan mg 
line was a prolonged coagulauon time of the blood The coagolaoon time of rccalciW plasma ^ ^ 

tivc m both panents When normal atrated plasma was added to blood from one of the 
agulation was markedly accelerated Tisclios proton fr^ctionauon revealed ad itt 
the alpha globoJms in one patient and suggestive but not conclusive evidence o an a n 



ABSTRACTS 


zj8i 


pjiic-t In thr>, two piticnts the defect Hit similar to that found in hemophilia but the authors 
i-r ca'r'ul t s call ihn hemophilia IiLc disease and suggest that an acquired change in the plasma pro- 
tein piattrn mcht h- the basis for the coagulation defect 

GEC 

Ctiasocs IS Tiir Paoiino'tfis Time Ikbuced »t MmirmtAvriiiNis Role or the Peasha CorAcrOE or 
TiiiovrotEASTis r Ha-fjtc From the Qicroical Laborator> School of DcntistTg Unirersitj 
of Chile ‘•artiaci Chile hrch Biochem ^ J45'}5E, 1949 

The nJue" c of ca'^'cire theobromine thcophpllin and sodium benzoate on the prothrombin time 
of rabbits uas srudfJ and these substances were found to shonen the prothrombin time These results 
can h" obsem-cd in rabbit plasma onip if the latter is diluted to 5-10 per cent If dilutions are madcssuth 
human fresh plasma tteaicd with AKOH)i or with hbrinogen solutions care must be ralten to mate 
cerum no thro'^bopla tin cofactor is present in the diluent The authors bcliere char these results are 
produced bv an increase of the thromboplastin cofactor Q synonymous with Factor V [Oseren] and AC- 
glohulin fSceptrsj) as'cs-iated with the administration of these drugs 

WN V 

The Cos-rroL or Dicomasol Tiieeaet J H 0!um From the Dtpanment of Surgery Presbyterun Hos- 
piul of the Oty of Chicago affiliated with the University of Illinois College of Medicme Chicago 
HI Am J M Sc at 41.7-4}' <949 

Ninety nine patients sserc treated s ith dicumarol Fifty per cent of these were treated as outpatients 
Oat stage prothrombin roethodt (ssholc plasma 11-5 per cent and 5 per cent plasma) sverc compared 
with the two-stage method Wide sanations between the methods were noted With the two-stage 
JUethod It was possible to maintain the prothrombin level accurately svithin a desuxd range over a 
Ptnod of months with a miiimum variation of i} per cent The one-stage method was found to be of 
Tainc m estimating the summation of dotting factors in an individual blood panicnlarly at a Me when 
‘tt prothrombin as measured b) the two-suge test v^s below 10 ps cent Bleeding occurred tn 15 of 
the patients In ij of the 15 patients the pothrombin level was below n per cent (two-stage method) 
wben the bleeding became apparent and stopped when the prothrombin rose to between 15 and 10 per 
toll In the other X cases bleeding occuaed following trauma the prothrombin bong ^ cent at 
'be time The results of this stud) suggest that a range of to to 30 pa cent (two-stage method) 1$ a safe 
efficient level for the maintenance of plasma prothrombin rpC 


morphology 

E»a,MHHTAElNrA»ci,ONorBoKEAtroMA«ow J H BriiiUn L Fester W M C 
IVttment of Pathology Harvard Medical School Boston Mass Am.J Path 
Litetaturc concerning bone and marrow infarction contams many con ctoty , 

»»e ^ nonphysiologic expenmentarion The present ser,« of 

^tdeuliy itnttuture rabbits (^3-3 3 Kg ) extended over a jxncxf of one day to ^ 

^ prcHfuced by transecting the num.ent artery and .0 most cases ^e accompanymg ^ 
tbc termination of the experiments the femurs were deaned and i^tgenogr 
Pcpat.tions were made fr^agments not over x cm m length afe 
Changes were detected in Eoth bone and marrow 

evident after six months In marrow mfarcts the absence of a 
‘bscTt ““TC’C'C cells was engulfed by phagocytic cells As a rule small 

'mideonhcd yellow material, presumably hpid was noted "> 
necrotic bone were located along the inner margins of the cortex o t c t O-P J 

Smmiis iH GAuezma s IWsh R M-s« And H 

Poron°°^ W hisaocytcj m the rpicen 

some time the large foamy cells derived from the rcucnlmn and bisaocytcs m F 
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liver lymph nodes and bone marrow in Gaucher 5 disease have been known to contain kerasin a cere 
broside This substance is composed of lignoceric acid, sphingosine and usually galactose Such a com 
pound might be expected to produce a positive reaction with the periodic acid leukofuchsin method 
This was confirmed b) using pure kerasin isolated from human brain Microscopic localization of this 
histochemical reaction in sections from three spleens removed from patients with Gaucher 5 disease 
was made possible by the fact that the altered carbohydrate remains bound to the insoluble components 
of kerasin Gaucher cells gave the brilliant rose purple color of a positive reaction The periodic acid 
leukofuchsin method has differential diagnostic possibilities for lipidic diseases because characteristic 
foam cells of Niemann Pick s disease remain colorless 

OPJ 

RADIATION AND RADIOACTIVITY 

The Radiation SvNDKOME E E Pamter atsJ A iM Bmts From the Argonne Nationil Laborator} On 
cago Illinois New England J Med 14^ 87J**876 1^5 

This article is a rcMcw of cxpcrimeotal data related to the toxic effect of radiation The radiation 
syndrome is diNidcd into the initial shock the acute period the subacute period and the chronic period 
The authors point out hou limited our knowledge is from the problem of hois radiation produces 
cell damage to the interpretation of the man) tecondar) metabolic effects which ma> be part of the 
general alarm reaction 

C A F 

The Metaoousm or me Raoioactiae Elements Cheated by Nuclear Fission J G tUmtUtn From 
the Docker Laboracor) and Division of Medical Ph>sics (Bcrkclc)) the Dmsions of Medicine and 
Radiolog) (San Francisco) Uni\cr$tt) of Dlifornia New England J Med Z4i 863-S70 1949 
This article deals with the metabolism and tissue localization of products of nuclear fission To evalu 
ace the potential hazard of these radioactive isotopes the substances uerc administered to rats oral!) 
b) inhalation and by parenteral infection There arc 14 isotopes of importance and their half life fission 
yield oral absorption accumulation in the principal organ of retention and elimination arc tabulated 
Elements such as plutonium dcservT special attention due to their skeletal localization and potential 
danger to the bone marrow Radioautographs illustrate the osseous and pulmonar) localization of 
some of these elements 

CAF 

The Emrr or Roentoen Radiation on the Production or Thoracic Duct Lymphocites IF N Vsl 

cntfrtt C G Cradtlack ami] S Laurtnre From the Departments of Mcdiunc and Radiation Biology* 

The Unncrsity of Rochester School of Medicine and Dcntistrj Rochester New "iork Am J M Sc 
217 379 -}^^ J949 

It has been widely recognized chat lymphoid tissue 1$ among the most scnsiciv c indicators or damage 
by roentgen radiation Funher after large doses of radiation the blood lymphocytes disappear ref) 
rapidly from the peripheral blood and arc virtually absent in twenty four hours In this report changes 
in the numbers of thoracic duct lymphocytes and rate of flow of thoraac duct lymph in cats receiving 
a single dose of 1300 r whole bod) irradiation arc recorded Following this amount of irradiation the 
number of lymphocytes in thoracic duct lymph decreased rapidly 
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BONE MARROW NUTRITION IN RELATION TO THE PHAGOCYTIC 
ACTIVITY OF BLOOD GRANULOCYTES 


Bj’ Clarence A Mills, M D , Ph D 

■pHAGOCYTOSIS has Jong been recognized as the body s first hnc of defense 
J- against invasion by nncro-organisras, with the wandering blood granulocyte 
P a particularly impxDrtant role Humoral factors which influence the phago- 
cytic activity of these cells have received much attention as basically important 
elements in the immunity mechanism Little work has been devoted, however, to 
the nutritional background of these cells at the time of their production in the bone 
marrow knowledge recently acquired indicates that it is just as important for these 
fighting units to be well born as it is for the whole individual, that granulo- 
cytes produced in the bone marrow during periods of malnutrition or vitamin 
deficiency remain poorly functioning units throughout their lifetime, while those 
arising from properly nourished marrow tissue emerge with, and maintain, full 
phagocytic activity 

In the large group of respiratory infections, and in numerous incidental exposures 
such as those of bums and wounds, our chief defense against bacterial invasion 
lies in the basic activity of the phagocytes, unreinforccd by the humoral mcchamsm 
which may become an important stimulant to phagocytosis only after two to 
three weeks exposure It is therefore essential that we be aware of the conditions 
promoting or hindering the output of fully active phagocytic granulocytes froin 
the bone marrow 

E)evelopment of a quick and relatively simple technic for measuring phagocytic 
activity of blood granulocytes* opened the way for an intensive study of the physi 
ology of these cells in experimental animals kept on synthetic diets 


Methods and Results 

A review of the lircrature concerning phagocytosis and consideration of the varioos possible techme 
convinced U 5 that our best chance to aveertain cjoaiititativc diflcrcoce* in phapicytic activity lay 
study of blood leuleocytcs in vitro The following technic was used 

Under light ether anesthesu o 5 ml of blood is withdrawn from the rat s heart into a 
vioosly rinsed in hcpannited salt solntion This blood is immediately transferred to a paraffined ml* 

10 mm inside diameter and mixed with o 5 ml of salt solnnon contaimng I mg of hepann To ^ 
heparimzed blood is added oj. ml of a standard bacxenal susp-nsion (see below) air is washed from 
tnbe by a stream of Oj-COj mixtnre (95%-;%) to mamtam a normal blood gas level the tote 
pered with a paraffined cork and inverted twice for thorongh mixmg It is then placed in a 30 
bath and agiuted with a lateral motion (560 reversals of direction per minotc) for fonr mmotes 
IS then removed with a small paraffined piper and a smear 1$ made which is dried and tra ^ 
Wnght s stain Four blood samples arc usually run together as a group Carcfnl watch was 
times of the temperature of the water bath for changes greater than i C produced disanct 

in phagocytic activity those of ma”* 

Polymorphonnclcar nentrophilcs of rat blood tend to clomp mneh more readily thM however 

cspeaally after active ingestion of bacteria has taken place With the tcchmc just of lie 

dumping IS rarely observed The second difficulty — sail not complerdy solved was a t 
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p|iigoC)*tic cells to spread unc\cnl) in the sm-ar They often arc found concentrated m the last portion 
oI the smear and maj he miss d unless a \cry small drop of blood is used $0 that it is all on the slide for 
ciammation The most acme cells ssith largest numb rs of ingested bacteria s*cra most prone to collect 
m the tail end of the smear 

In estimating the number of ingested bacteria after four minutes of shaking counts were made on the 
1 40 unruptured and unclumpcd pol) morphonuclcar neutrophilcs seen on the smear, if there were less 
than 4 rats to the group, counts were made on 50 cells from each blood sample In a few test eases the in 
gested bacteria w*crc counted in 100 cells but the accuracy of the mean count was no ercatcr than with 40 
or 50 cells 

’The organism used in these first basic studies on vitamin deficiency was Micrococcus candidus It was 
chosen because its nonpathogcnicit) gfcatl> facilitated the running of large numbers of phagocytic tests 
'''hilc Its fairly large size simplified the ingestion counting The orgamsm was grown on tryptosc agar 
slants with transfer cscry twenty four hours The culture used was a saline suspension of a 14 hour 
growth With a turbidity carcfull> standardized /or each day s work in an Evelyn elcctrophotomctcr 
Vanous shaking times and speeds were used in our early work with the plotting of ingestion curves 
however for the organism and speed of shaking chosen by us a single four minute reading seemed to give 
« much information as did a whole series carried out over a fifteen minute period Longer shaking was 
needed when a culture of Type I pneumococcus was used since ingestion seemed to take place more 
slowly A coagulosc posituc staphylococcus 00 the other hand, was found to be ingested more readily 
than the micrococcus What was desired was shaking sufficiently prolonged to give only partial filling 
of the phagocyticcclls in the normal control tube, so chat deviations toward more or Jess active ingcsnon 
could be measured In our shaking onlv lateral to and fro motion was used, with the agitation insuffi 
cicnt to break the blood surface or cause bubble formation 


yttamtn deficiency studies m rats Spraguc-DawJcy white male rats were used in 
all the in vitro phagocytosis studies of vitamin d^acncy, except those with vita- 
niin C in which guinea pigs served as test subjects Weanling rats were placed 1 to 
the cage in groups of 4 in the cold and hot rooms, and given the following diet 
inixturc in glass jars ad lib 


Sucrose 

Casan (vitamin free) 

Corn oil 
Salts 

Halivcr oil 

Thiamine chlondc cold room 
hot room 

Riboflavin 

Pyndoxinc 

Calaom pantothenate 
t^icotimc acid 
Inositol 

P“Aininobcnzoic aad 
Choline, cold room 
hot room 


76 Gnx/ioo Gm diet mixture 
18 Gm./ioo Gm diet mixture 
X Gm /loo Gm diet mixture 
4 Gm / 100 Gm. diet mixture 
j X ml /looo Gm diet mixture 
I mg /xooo Gm. diet mixture 
1 mg /icxx? Gm diet nuicurc 
4 mg /looo Gm diet mixture 

4 rog 1 1000 Gm diet mixture 
6 mg/iooo Gm diet mixture 

15 mg /looo Gm diet mixture 
I Gra /looo Gm diet mixture 
o 3 Gm /looo Gm diet mixture 
o 75 Gra /looo Gm diet mixture 

5 oGm/ioooGm diet mixture 


diet, with the thiamin and choline increase for the hoc room ^ 1 ^ 
f ves optimal growth in both heat and cold and serves as an excellent standard diet 
Or rat deficiency studies (jraded reductions in an) one of the MCamins ^ 
corresponding diminution of growth-rate At least three weeks arc nee 
Pl«c adaptation of animals to the hot and cold enMronments, but a somesshat 
time IS required to bring out the full growth-retarding effects of Mtam.n 



